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Abstract: Every object vibrates because of unbalanced forces arise within it, at a particular frequency called as natural frequency. When 
this object is subject to the external force having the same frequency, the object vibrates with larger amplitudes and is said to be under 
resonant condition. For the safe working of any mechanical component, this operating frequency should be large and far away from the 
natural frequency. In this work, a clamped rectangular composite plate with a circular cut out at its centre subjected to clamped boundary 
condition is considered and its vibration characteristics are studied. The effect of various parameters like aspect ratio (l/w), diameter of the 
hole to the width of the plate (d/w), thickness of the ply, and the orientation of the fibers in the ply on the natural frequencies is observed. 
The problem is analyzed used the finite element software ANSYS. It has been found that the effect of these parameters is significant on 
the frequency ratio. The increase in l/w ratio and d/w ratio, orientation of layers resulted in increase of frequency ratio whereas with 
increase in no. of layers the frequency ratio remain unchanged even thought the frequency values changed. 
 
Index terms: Composite materials, frequency ratio, cutout, clamped boundary condition, finite element analysis, vibration analysis 

 
——————————      —————————— 

1. INTRODUCTION 
 Plates are flat structural elements having thickness 
much smaller than other dimensions. Example is a Turbine 
disc. According to the criterion, a thin plate is defined as a 
plate in which the ratio of the thickness to the smaller span 
is less than1/20. Aspect ratio is defined as the ratio of the 
length of the plate to the width of the plate.  

length of the plate lAspect ratio
wwidth of the plate

= =  

Based on this ratio, how a plate will bend can be predicted. 
If the aspect ratio>2.0, then the plate will bend along the 
direction of shorter dimension only. If the aspect ratio<2.0, 
then the bend will takes place along both the directions 
simultaneously. In this work, aspect ratio is varied over a 
span of 2.5, with an interval of 0.5. Non-dimension form of 
natural frequency is defined by a parameter, frequency 
ratio. 

natural frequency of the plate with holeFrequency ratio
natural frequency of the plate without hole

=

 
K. Srividya et. al.[1] dealt with the free vibration 

analysis of a thick four-layered skew laminated composite 
plate with a circular cutout. Three dimensional finite 
element models (FEM) which use the elasticity theory for  
 
the determination of stiffness matrices are modeled in 
ANSYS software to evaluate first five natural frequencies of 
the laminate. The variation of natural frequencies with 
respect to various boundary conditions for different 
stacking sequences is presented. It is observed that, the 
natural frequencies are high at c-c-c-c (four sides clamped) 
case. Janghorban et. al.[2] investigated the free vibrations of  
 

functionally graded plates with multiple circular and 
noncircular cutouts using finite element method. The  
volume fraction of the material constituents is assumed to 
follow a simple power law distribution. It should be 
mentioned that free vibration for FG plates (such as 
rectangular /skew /trapezoidal /circular plates) with 
multiple cutouts has not been studied yet and hence the 
results out coming from this paper may be used as bench 
marks for future works. A. Alibiglu et. al. [3] presented the 
free vibration of composite plate with various edges 
condition and carrying distributed patch mass. The 
Rayleigh_Ritz approach is applied to give frequency 
characteristic of the rectangular plates. The deflection of the 
plate is postulated by a double fourier series function. The 
effect of the various combination of clamped(c) and simply 
supported(s) edges conditions on the response of plates, is 
also presented. Jyoti Vimal [4] studied the free vibration 
characteristics of functionally graded skew plates with 
circular cutout, using ANSYS. The functionally graded 
materials (FGMs) are assumed to be graded across their 
thicknesses according to a power law distribution of the 
volume fractions and the Poisson’s ratio is taken as 
constant. The effects of cutout, cutout size, volume fraction 
index, boundary conditions and thickness ratio on the 
natural frequencies is studied. 

Kanak Kalita et. al [5] studied the free vibration 
response of isotropic plates subjected to various boundary 
conditions using the ANSYS. The analysis for isotropic 
plate is carried out for uniform thickness and different 
aspect ratios (a/b= 0.4, 1.0, 1.5 and 2.0). Then problem of 
free vibration analysis of composite square plates having 3 
lamina layers and 5 lamina layer (angle ply) is also 
considered. The laminate considered is of equal thickness. 
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Hussain et. al.[6] presented the behavior of symmetric 
laminated plates with different cutout locations subjected to 
free vibrations under clamped boundary conditions using 
ANSYS 13.0. From the analysis it is inferred that the 
fundamental frequency of laminated composite plates 
decreases with increase in L/h ratio. K. Torabi et. al [7] 
investigated the transverse vibrations of rectangular plate 
with circular central hole and obtained the natural 
frequencies by Rayleigh-Ritz Method. In this study, the 
effects of increasing the diameter of the hole and the effects 
of number of point supported on the natural frequencies 
were investigated and the optimum radius of the circular 
hole for different boundary conditions is obtained. The 
method has been verified with many known solutions. Dr. 
N. K. Jain [8] performed the finite element analysis to study 
the effect of fibre orientation on natural frequency (ω) for 
different mode shape in the simply supported and fixed 
rectangular fibrous composite plates with central circular 
hole, using ANSYS.  

S. D. Kulkarni [9] had modified the 4–node discrete 
kirchoff quadrilateral element using smoothed shape 
functions obtained using least square smoothing technique 
and is used for the free vibration analysis of skew and 
rectangular plates. This modified element is based on 
Reddy’s third order theory and has seven degrees of 
freedom (DOF) per node. The formulation of the stiffness 
and consistent mass matrices is carried out using 
variational principle. The performance of the developed 
element is assessed for its accuracy by comparing the 
results of the present element with the analytical and exact 
elasticity solutions available in the literature as well as with 
the 3 D finite element results obtained using ANSYS for 
rectangular and skew plates. H. L. Chen[11], have proposed 
a Bessel function method to obtain an exact solution for the 
vibration problems of a rectangular plate by superposing 
different Bessel functions to satisfy three edge conditions : ( 
i) fully simply supported, (ii) fully clamped , (iii)two 
opposite edges simply supported and the other two edges 
clamped. T. Sakiyama et. al [12] proposed an approximate 
method for generally analyzing the free vibration of 
rectangular plates with variable thickness. At first the 
approximate solutions of rectangular plate with variable 
thickness for a concentrated load are obtained at the 
discrete points equally distributed on the plate. The 
solution for deflection gives the discrete-type Green 
function of the plate. It is shown that the numerical solution 
for the Green function has the good convergence and 
accuracy. Neffati et. al. [13] studied the free vibrations of 
thin isotropic rectangular plates with various edge 
conditions by solving the mathematical model that governs 
the vibration behavior of the plate using a Galerkin-based 
finite element method. Cubic quadrilateral serendipity sub 

parametric elements with twelve degrees of freedom are 
used in this analysis. The effect of the aspect ratio, the 
number of elements, and the number of sampling points on 
the accuracy of the solution is also presented. 
2. MODELING 

A rectangular plate of size 1 m x 0.5 m with a 
central circular hole is considered. The diameter of the hole 
is related to the width of the plate (D/w). In this work, the 
physical model of the plate is designed using the 
commands in ANSYS. To study the effect on natural 
frequencies, (1) Aspect ratio (l/w) is varied from 0.5 to 2.5 
with an interval of 0.5 (2) The ratio of diameter of the hole 
to the width (D/W) of the plate is varied from 0.2 to 0.8 with 
an interval of 0.2 (3) No. of layers is varied from 5-20 with 
an interval of 5. (4) The orientation of the layers is varied as 
0/0/0, 0/30/0, 0/60/0, 0/90/0. 
3. MATERIAL PROPERTIES 
The mechanical properties of the composite used in this 
work are tabulated below: 

Table.1. Material Properties of Carbon/Epoxy 
Young’s Modulus(E) Shear stress(G) Poisson’s ratio 

EX=130Gpa XY=4.8GPa XY=0.28 
EY=09Gpa YZ=4.8GPa YZ=0.28 
EZ=09Gpa ZX=4.8GPa ZX=0.28 

Density (ρ) =1656 Kg/m3 
4. MESHING 
Meshing means dividing the physical object with infinite 
degrees of freedom into small parts  having finite degrees 
of freedom. Each part is known as element and each 
element is connected in between with endpoints called 
nodes. 4-node 181 is a 2-D shell element with 6 DOF i.e. 3 in 
rotation & 3 in translations at each node, suitable for 
analyzing thin to moderately-thick shell structures. Shell181 
is well-suited for linear, large rotation, and/or large strain 
nonlinear applications. Here for the plate without hole we 
considered the mapped meshing because of regular surface 
and for the plate with hole we considered the free meshing 
because of surface irregularity. The size of the element 
considered in this analysis is 0.001 m.  

 
Fig. (a) Element Shape of Shell-181 element 
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Fig. (b) Meshed view of the plate 

5. LOADS AND SUPPORT CONDITIONS 
In this work, all the edges of the plate are clamped. 

No external loads are applied on the plate and only the self 
weight of the plate is considered to obtain the natural 
frequency of plates. The problem is solved using the finite 
element package, ANSYS 12.0. First 5 modes are extracted 
and the corresponding natural frequencies are noted. These 
values are converted into non-dimensional form i.e. 
frequency ratio using the formula mentioned in section-I. 
The variation of frequency ratio w.r.t change in aspect ratio 
corresponding to the changes in D/w ratio, no. of layers and 
thickness of each layer as well as orientation are plotted 
graphically and are given from fig.1 to fig. 80. 
6. RESULTS AND DISCUSSION 
In this research work, free vibrations of a composite 
rectangular plate with a central hole are studied. The final 
conclusions drawn from the analysis are presented below; 

1. The configuration of geometry selected in this 
work does not permit the ratio d/w = 1. This 
indicates the diameter of hole becoming equal to 
the width of the plate. 

2. Increase in no. of layers represents the reduction in 
thickness of each layer. 

3. For a square plate (l/w=1.0), frequency ratio 
corresponding to the d/w=0.4 is low and d/w=0.8 is 
high. This has been observed for all orientations 
(00, 300, 600 and 900), all number of layers (5, 10, 15, 
and 20) and for all the layer thicknesses (4mm, 
2mm, 1.33mm and 1.0 mm) respectively. 

4. With increase in aspect ratio (l/w), it has been 
observed that the frequency ratio is decreasing 
gradually for mode-1 and this has been observed 
for all the no. of layers (5, 10, 15 and 20) and also 
for increase in d/w ratio up to 0.6. Later it has been 
observed that the frequency ratio for d/w = 0.8 is 
very large for all the aspect ratios but followed the 
same trend exhibited by other d/w ratios. This is 
because of larger change in stiffness.  

5. It has been observed that beyond l/w=2.0, the 
frequency ratio is independent of aspect ratio and 
d/w ratio i.e. remaining constant following same 
trend. 

6. In mode-1, the frequency ratio is high for d/w=0.8 
and low for d/w=0.2. For orientation (00-900-00), 
beyond the l/w=1.5, all the profiles are converging 
to a single value for no. of layers 5 and 10 
respectively and is observed to be independent of 
l/w ratio for no. of layers 15 and 20 respectively. 

7. For all orientations, in mode-2, it has been found 
that the frequency ratio is decreasing up to l/w = 
1.5 and became independent of aspect ratio beyond 
1.5. The same trend is observed for all the 
orientations (except 900) and all no. of layers. For 
the orientation (0-90) it has been observed that all 
the frequency ratio curves are converging to a 
single value beyond the l/w=1.5. 

8. In mode-3, the frequency ratio is observed to be 
decreasing with increase in l/w ratio up to 1.5 and 
then increasing up to 2.0 and then remained 
constant. The same trend is observed for all the 
thicknesses of layers, no. of layers and orientations. 
Also, the frequency ratio is observed to be 
maximum for plate with d/w=0.8 for all conditions. 
Again, it has been observed that the low value of 
frequency ratio is observed for d/w=0.4 below 
l/w=1.5 and for d/w=0.2 beyond l/w=2.0.  

9. In mode-4, frequency ratio is observed to be high 
for d/w=0.8 for all l/w ratios and is observed to be 
decreasing gradually up to l/w=2.0 and then 
remaining constant. Again it has been observed 
that for d/w=0.4, the frequency ratio is observed to 
be decreasing up to l/w=1.0 and then it followed 
the trend of increasing up to l/w=1.5 and 
decreasing up to 2.0 and then remaining constant 
beyond that similar to d/w=0.2 and 0.6. 

10. In mode-5, frequency ratio is observed to be high 
for d/w=0.8 for all l/w ratios and for d/w=0.4 the 
frequency ratio is observed to be low for l/w ratio 
beyond 1.0. In addition, the frequency ratio is 
observed to be decreasing between l/w ratio 1.5 
and 2.0 and then remaining constant beyond 2.0.  

7. CONCLUSIONS 
In this research work, the vibration characteristic of a 
clamped rectangular plate with a central circular cutout is 
studied and the following conclusions are drawn. 

1. With increase in l/w ratio, the frequency ratio is 
observed to be decreasing up to l/w<2.0 and 
beyond this the frequency ratio is observed to be 
remaining constant. 
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2. With increase in d/w ratio, the frequency ratio is 
observed to be increasing. The frequency ratio for 
d/w=0.8 is very high when compared with other 
values. But this configuration is not recommended 
in practical as the size of the hole is very large, 
which reduces the strength of the plate.  

3. With increase in no. of layers, the frequency ratio is 
observed to be remaining almost constant even 
though the frequency values remain changed. 

4. With the decrease in thickness of each layer, the 
natural frequency values are observed to be 
increasing.  

5. With the change in orientation of the layers, the 
frequency values are observed to be increasing. 
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Fig. 1 Frequency ratio vs. l/w ratio for Orientation 0-30-
0-30-0 for 5-layers – Mode-1 

Fig. 2 Frequency ratio vs. l/w ratio for Orientation 0-
30-0-30-0 for 5-layers – Mode-2 
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Fig. 3 Frequency ratio vs. l/w ratio for Orientation 0-30-

0-30-0 for 5-layers – Mode-3 
Fig. 4 Frequency ratio vs. l/w ratio for Orientation 0-

30-0-30-0 for 5-layers – Mode-4 
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Fig. 5 Frequency ratio vs. l/w ratio for Orientation 0-30-

0-30-0 for 5-layers – Mode-5 
Fig. 6 Frequency ratio vs. l/w ratio for Orientation 0-

30-0 pattern for 10-layers – Mode-1 
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Fig. 7 Frequency ratio vs. l/w ratio for Orientation 0-30- Fig. 8 Frequency ratio vs. l/w ratio for Orientation 0-
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0 pattern for 10-layers – Mode-2 30-0 pattern for 10-layers – Mode-3 
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Fig. 9 Frequency ratio vs. l/w ratio for Orientation 0-30-

0 pattern for 10-layers – Mode-4 
Fig. 10 Frequency ratio vs. l/w ratio for Orientation 0-

30-0 pattern for 10-layers – Mode-5 
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Fig. 11 Frequency ratio vs. l/w ratio for Orientation 0-

30-0 pattern for 15-layers – Mode-1 
Fig. 12 Frequency ratio vs. l/w ratio for Orientation 0-

30-0 pattern for 15-layers – Mode-2 
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Fig. 13 Frequency ratio vs. l/w ratio for Orientation 0-

30-0 pattern for 15-layers – Mode-3 
Fig. 14 Frequency ratio vs. l/w ratio for Orientation 0-

30-0 pattern for 15-layers – Mode-4 
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Fig. 15 Frequency ratio vs. l/w ratio for Orientation 0-
30-0 pattern for 15-layers – Mode-5 

Fig. 16 Frequency ratio vs. l/w ratio for Orientation 0-
30-0 pattern for 20-layers – Mode-1 
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Fig. 17 Frequency ratio vs. l/w ratio for Orientation 0-

30-0 pattern for 20-layers – Mode-2 
Fig. 18 Frequency ratio vs. l/w ratio for Orientation 0-

30-0 pattern for 20-layers – Mode-3 
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Fig. 19 Frequency ratio vs. l/w ratio for Orientation 0-
30-0 pattern for 20-layers – Mode-4 

Fig. 20 Frequency ratio vs. l/w ratio for Orientation 0-
30-0 pattern for 20-layers – Mode-5 
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Fig. 21 Frequency ratio vs. l/w ratio for Orientation 0-
45-0 pattern for 5-layers – Mode-1 

Fig. 22 Frequency ratio vs. l/w ratio for Orientation 0-
45-0 pattern for 5-layers – Mode-2 
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Fig. 23 Frequency ratio vs. l/w ratio for Orientation 0-

45-0 pattern for 5-layers – Mode-3 
Fig. 24 Frequency ratio vs. l/w ratio for Orientation 0-

45-0 pattern for 5-layers – Mode-4 
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Fig. 25 Frequency ratio vs. l/w ratio for Orientation 0-
45-0 pattern for 5-layers – Mode-5 

Fig. 26 Frequency ratio vs. l/w ratio for Orientation 0-
45-0 pattern for 10-layers – Mode-1 
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Fig. 27 Frequency ratio vs. l/w ratio for Orientation 0-

45-0 pattern for 10-layers – Mode-2 
Fig. 28 Frequency ratio vs. l/w ratio for Orientation 0-

45-0 pattern for 10-layers – Mode-3 
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Fig. 29 Frequency ratio vs. l/w ratio for Orientation 0-

45-0 pattern for 10-layers – Mode-4 
Fig. 30 Frequency ratio vs. l/w ratio for Orientation 0-

45-0 pattern for 10-layers – Mode-5 
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Fig. 31 Frequency ratio vs. l/w ratio for Orientation 0-

45-0 pattern for 15-layers – Mode-1 
Fig. 32 Frequency ratio vs. l/w ratio for Orientation 0-

45-0 pattern for 15-layers – Mode-2 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research, Volume 6, Issue 3, March-2015     162                                                                                     
ISSN 2229-5518 

IJSER © 2015 
http://www.ijser.org 

 

ORIENtATION(0-45),15 LAYERS FOR MODE 1
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Fig. 33 Frequency ratio vs. l/w ratio for Orientation 0-

45-0 pattern for 15-layers – Mode-3 
Fig. 34 Frequency ratio vs. l/w ratio for Orientation 0-

45-0 pattern for 15-layers – Mode-4 
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Fig. 35 Frequency ratio vs. l/w ratio for Orientation 0-

45-0 pattern for 15-layers – Mode-5 
Fig. 36 Frequency ratio vs. l/w ratio for Orientation 0-

45-0 pattern for 20-layers – Mode-1 
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Fig. 37 Frequency ratio vs. l/w ratio for Orientation 0-
45-0 pattern for 20-layers – Mode-2 

Fig. 38 Frequency ratio vs. l/w ratio for Orientation 0-
45-0 pattern for 20-layers – Mode-3 
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ORIENTATION(0-45),20 LAYERS FOR MODE 2
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Fig. 39 Frequency ratio vs. l/w ratio for Orientation 0-

45-0 pattern for 20-layers – Mode-4 
Fig. 40 Frequency ratio vs. l/w ratio for Orientation 0-

45-0 pattern for 20-layers – Mode-5 
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Fig. 41 Frequency ratio vs. l/w ratio for Orientation 0-
60-0 pattern for 5-layers – Mode-1 

Fig. 42 Frequency ratio vs. l/w ratio for Orientation 0-
60-0 pattern for 5-layers – Mode-2 
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Fig. 43 Frequency ratio vs. l/w ratio for Orientation 0-

60-0 pattern for 5-layers – Mode-3 
Fig. 44 Frequency ratio vs. l/w ratio for Orientation 0-

60-0 pattern for 5-layers – Mode-4 
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ORIENTATION(0-60),5 LAYERS FOR MODE 3
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Fig. 45 Frequency ratio vs. l/w ratio for Orientation 0-

60-0 pattern for 5-layers – Mode-5 
Fig. 46 Frequency ratio vs. l/w ratio for Orientation 0-

60-0 pattern for 10-layers – Mode-1 
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Fig. 47 Frequency ratio vs. l/w ratio for Orientation 0-
60-0 pattern for 10-layers – Mode-2 

Fig. 48 Frequency ratio vs. l/w ratio for Orientation 0-
60-0 pattern for 10-layers – Mode-3 
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Fig. 49 Frequency ratio vs. l/w ratio for Orientation 0-

60-0 pattern for 10-layers – Mode-4 
Fig. 50 Frequency ratio vs. l/w ratio for Orientation 0-

60-0 pattern for 10-layers – Mode-5 
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ORIENTATION(0-60),10 LAYERS FOR MODE 4
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Fig. 51 Frequency ratio vs. l/w ratio for Orientation 0-
60-0 pattern for 15-layers – Mode-1 

Fig.52 Frequency ratio vs. l/w ratio for Orientation 0-
60-0 pattern for 15-layers – Mode-2 
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Fig. 53 Frequency ratio vs. l/w ratio for Orientation 0-

60-0 pattern for 15-layers – Mode-3 
Fig. 54 Frequency ratio vs. l/w ratio for Orientation 0-

60-0 pattern for 15-layers – Mode-4 
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Fig. 55 Frequency ratio vs. l/w ratio for Orientation 0-
60-0 pattern for 15-layers – Mode-5 

Fig. 56 Frequency ratio vs. l/w ratio for Orientation 0-
60-0 pattern for 20-layers – Mode-1 
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ORIENTATION(0-60),15 LAYERS FOR MODE 5
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Fig. 57 Frequency ratio vs. l/w ratio for Orientation 0-

60-0 pattern for 20-layers – Mode-2 
Fig. 58 Frequency ratio vs. l/w ratio for Orientation 0-

60-0 pattern for 20-layers – Mode-3 
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Fig. 59 Frequency ratio vs. l/w ratio for Orientation 0-
60-0 pattern for 20-layers – Mode-4 

Fig. 60 Frequency ratio vs. l/w ratio for Orientation 0-
60-0 pattern for 20-layers – Mode-5 
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Fig. 61 Frequency ratio vs. l/w ratio for Orientation 0-

90-0 pattern for 5-layers – Mode-1 
Fig. 62 Frequency ratio vs. l/w ratio for Orientation 0-

90-0 pattern for 5-layers – Mode-2 
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ORIENTATION (0-90) 5 LAYERS FOR  MODE 1
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ORIENTATION (0-90), 5-LAYERS  FOR MODE2
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Fig. 63 Frequency ratio vs. l/w ratio for Orientation 0-
90-0 pattern for 5-layers – Mode-3 

Fig. 64 Frequency ratio vs. l/w ratio for Orientation 0-
90-0 pattern for 5-layers – Mode-4 
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Fig. 65 Frequency ratio vs. l/w ratio for Orientation 0-

90-0 pattern for 5-layers – Mode-5 
Fig. 66 Frequency ratio vs. l/w ratio for Orientation 0-

90-0 pattern for 10-layers – Mode-1 
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ORIENTATION(0-90),10 LAYERS FOR MODE 1
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Fig. 67 Frequency ratio vs. l/w ratio for Orientation 0-

90-0 pattern for 10-layers – Mode-2 
Fig. 68 Frequency ratio vs. l/w ratio for Orientation 0-

90-0 pattern for 10-layers – Mode-3 
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ORIENTATION(0-90),10 LAYERS FOR MODE2
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ORIENTATION(0-90),10 LAYERS FOR MODE 3
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Fig. 69 Frequency ratio vs. l/w ratio for Orientation 0-

90-0 pattern for 10-layers – Mode-4 
Fig. 70 Frequency ratio vs. l/w ratio for Orientation 0-

90-0 pattern for 10-layers – Mode-5 
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ORIENTATION(0-90),10 LAYERS FOR MODE 5
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Fig. 71 Frequency ratio vs. l/w ratio for Orientation 0-
90-0 pattern for 15-layers – Mode-1 

Fig. 72 Frequency ratio vs. l/w ratio for Orientation 0-
90-0 pattern for 15-layers – Mode-2 
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Fig. 73 Frequency ratio vs. l/w ratio for Orientation 0-
90-0 pattern for 15-layers – Mode-3 

Fig. 74 Frequency ratio vs. l/w ratio for Orientation 0-
90-0 pattern for 15-layers – Mode-4 
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ORIENTATION(0-90),15-LAYERS FOR MODE 3
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ORIENTATION(0-90),15LAYERS FOR MODE 4
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Fig. 75 Frequency ratio vs. l/w ratio for Orientation 0-

90-0 pattern for 15-layers – Mode-5 
Fig. 76 Frequency ratio vs. l/w ratio for Orientation 0-

90-0 pattern for 20-layers – Mode-1 

ORIENTATION(0-90),15 LAYERS FOR MODE 5
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ORIENTATION(0-90),20 LAYERS FOR MODE1
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Fig. 77 Frequency ratio vs. l/w ratio for Orientation 0-

90-0 pattern for 20-layers – Mode-2 
Fig. 78 Frequency ratio vs. l/w ratio for Orientation 0-

90-0 pattern for 20-layers – Mode-3 
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Fig. 79 Frequency ratio vs. l/w ratio for Orientation 0-

90-0 pattern for 20-layers – Mode-4 
Fig. 80 Frequency ratio vs. l/w ratio for Orientation 0-

90-0 pattern for 20-layers – Mode-5 
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ORIENTATION(0-90),20 LAYERS FOR MODE 4
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ORIENTATION(0-90),20 LAYERS FOR MODE 5
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