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In the present work, an expression for the modal constant of the fundamental frequency of the perforated plate was
determined experimentally. Rayleigh’s formulation was used to calculate the modal constant. The displacement
solution was considered to be a linear combination of cosines. In Rayleigh’s formulation, fundamental frequency
values were taken from experimental analysis. This problem was solved in reverse order by considering known
experimental values of the fundamental frequency. Thus, the modal constant expression for fundamental frequency
was discovered.

NOMENCLATURE
A Correction factor
AR Aspect ratio = Ly/Lx, = b/a
Lh Centre to centre distance between holes along

width in mm
Lv Centre to centre distance between holes along

length in mm
(d+ hr) Center to center distance in mm

Density of material in kg/m3

D Diameter of perforation hole in mm
a Dimension of plate along X axis
b Dimension of plate along Y axis
Lx Effective plate width in mm
E Young’s modulus in N/m2,
LY Effective plate length in mm
h Effective plate thickness in mm
T, u Kinetic and strain energy of the plate

respectively
hr Ligament width in mm
ηl Ligament efficiency
MRR Mass remnant ratio
ω1 Fundamental frequency of perforated plate

in Hz
υ Poisson’s ratio
r Radius of perforation hole in mm
λ Modal constant
D Flexural rigidity of the plate

= Eh3/12(1− υ2)

1. INTRODUCTION
Cutouts are found in mechanical, civil, marine and

aerospace structures, commonly as access ports for mechan-
ical and electrical systems or simply to reduce weight. Cutouts
are also made to provide ventilation and to modify the reso-
nant frequency of the structures. Perforated plates are often
utilized as head plates, end covers, or supports for tube bun-
dles, typically including tube sheets and support plates. Perfo-
rated plates are widely used in nuclear power equipment, heat
exchangers, and pressure vessels. The holes in the plate are

arranged in various regular penetration patterns. Industrial ap-
plications include both square and triangular array perforation
patterns.

Many researchers have carried out studies of perforated
plate structures. Monahan et al. studied the finite element
analysis of a clamped plate with different cutout sizes along
with experiments using holographic interferometry.1 Paramsi-
vam used a finite difference approach in analyzing the effects
of openings on the fundamental frequencies of plates with sim-
ply supported and clamped boundary conditions.2 O’Donnell
determined the effective elastic constants for thin perforated
plates by equating the strains in an equivalent solid material
to the average strains in the perforated material.3 Hegarty and
Ariman investigated free vibrations of rectangular elastic plate
either clamped or simply supported with a central circular hole
using the least-squares point-matching method.4 Aksu and Ali
obtained dynamic characteristics of rectangular plates with one
or two cutouts using a finite difference formulation along with
experimental verifications.5 Ali and Atwal studied the natural
frequencies of simply supported rectangular plates and rect-
angular cutouts using the Raleigh Ritz method.6 Reddy stud-
ied linear and large amplitude flexural vibration of isotropic
and composite plates with cutout by using the finite element
method.7 Chang and Chiang studied the vibration of a rect-
angular plate with an interior cutout by using the finite ele-
ment method.8 Lam et al. presented an efficient and accurate
numerical method in the study of the vibration of rectangu-
lar plates with cutouts and non- homogeneity.9 They found
the deflection function for the originally complex domain by
dividing the problem domain into appropriate rectangular seg-
ments. Lam and Hung investigatedflexural vibrations of plates
with discontinuities in the form of cracks and cutouts using a
scheme that combines the flexibility of dividing the problem
domain into appropriate segments and the high accuracy re-
sulting from the use of orthogonal polynomial functions, gen-
erated using the Gram-Schmidt process.10 Lee et al. predicted
the natural frequencies of rectangular plates with an arbitrarily
located rectangular cutout.11 Mundkur et al. studied the vi-
bration of square plates with square cutouts by using boundary
characteristics orthogonal polynomials satisfying the bound-
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ary conditions.12 Burgemeister and Hansen showed that effec-
tive material constants could not be used in classical equations
to accurately predict the resonance frequencies of simply sup-
ported perforated panels.13 Instead, it is much more accurate
to fit the results from ANSYS to a simple cubic function. This
function can be used to determine the effective resonance fre-
quency ratio for a large range of panel geometries with an error
of less than 3%. Young et al. studied the free vibration of thick
rectangular plates with depression, grooves, or cutouts using
three-dimensional elasticity and Ritz method.14 Sivasubramo-
nian et al. investigated the free vibration characteristics of un-
stiffened and longitudinally stiffened square panels with sym-
metrical square cutouts by using the finite element method.15, 16

The optimized Rayleigh-Ritz method was applied by Grossi
et al. to generate values of the fundamental frequency coeffi-
cient and the one corresponding to the first fully antisymmetric
mode for rectangular plates elastically restrained against rota-
tion and with located circular holes.17 Suhn et al. performed
a finite element modal analysis of the perforated plates having
square and triangular hole patterns.18 They carried out a modal
analysis of the plates by using existing equivalent elastic prop-
erties. They also verified feasibility of the finite element mod-
els by conducting a modal test on one typical perforated plate.
Parameters, such as natural frequencies and mode shapes, were
extracted and compared with the analysis results. Huang and
Sakiyama analyzed the free vibration of rectangular plates with
variously shaped holes.19 Sahu and Datta studied the paramet-
ric instability behavior of curved panels with cutouts subjected
to in-plane static and periodic compressive edge loadings using
the finite element analysis.20 The first order shear deformation
theory was used to model the curved panels, considering the
effects of transverse shear deformation and rotary inertia. Ava-
los and Laura performed a series of numerical experiments on
vibrating simply supported rectangular plates with two rectan-
gular holes with free edges.21 Liew et al. presented an analy-
sis of free vibration of plates with internal discontinuities due
to central cut-outs.22 A numerical formulation for the basic
L-shaped element, which was divided in to appropriate sub-
domains that were dependent upon the location of the cut out
was used as the basic building element. Wang and Lai adopted
the hybrid method, which combined experimental and numeri-
cal methods, to investigate the dynamic behavior of perforated
plates.23 The equivalent material properties of the perforated
plates were also obtained by the hybrid method. In addition,
the curve-fitting technique was utilized to find the relationship
of the mass remnant ratio with the parameter ratio. They ob-
tained functions from the curve fitting and used them to accu-
rately predict the equivalent material properties and resonant
frequencies of perforated plates of the diagonal array. Sinha
et al. suggested a formula for added mass of the vibrating
perforated plate-type structures submerged in fluid based on
experimental and analytical studies on a number of test speci-
mens.24 Wu et al. developed a mathematical model of axisym-
metric elastic/plastic perforated circular plates for bending and
stretching.25 Bhattacharya and Raj analyzed a quarter symmet-
ric part of a perforated plate containing a 3 × 3 square array
of circular holes by the finite element method (FEM) to ob-
tain the peak stress multipliers under membrane and bending
loads for different biaxiality ratios.26 Britan et al. experimen-
tally and theoretically/numerically studied the flow and wave
pattern that resulted from the interaction of an incident shock
wave with a few different types of barriers, all having the same
porosity but different geometries.27 Bhattacharya, and Raj also
developed second- and fourth- order polynomials describing

the yield criterion for perforated plates with square penetration
patterns.28 They did not consider the effect of out-of-plane
stresses in the investigation, as these are found to be negligi-
ble in the case of thin perforated plates, for which plane stress
condition was assumed in the finite element. Pedersen studied
the optimization of the hole of a given area, which is placed
in the interior of a plate with an arbitrary external boundary.29

The objectives of the optimization were the eigenfrequencies
of the plate with the hole. The optimization was performed in
relation to maximizing the first eigenfrequency or maximizing
the gap between the first and second eigenfrequency. Lee and
Kim studied the validity of the Eshelby-type model for pre-
dicting the effective Young’s modulus and in-plane Poisson’s
ratio of two dimensional perforated plates in terms of porosity
size and arrangement.30 Azhari et al. established the nonlinear
mathematical theory for initial- and post-local buckling analy-
sis of plates of abruptly varying stiffness based on the principle
of virtual work.31 They programmed the method, and several
numerical examples were presented to demonstrate the scope
and efficacy of the procedure. Local buckling coefficients of
perforated and stepped plates were obtained, and the results
were compared with known solutions. They studied the post-
buckling behaviour of perforated and stepped plates for differ-
ent geometries. Rezaeepazhand and Jafari used analytical in-
vestigation to study the stress analysis of plates with different
central cutouts.32 Particular emphasis was placed on flat square
plates subjected to a uni-axial tension load. They compared re-
sults based on analytical solution with the results obtained us-
ing finite element methods. Hung and Jo studied free vibration
characteristics of a circular perforated plate submerged in fluid
with rectangular and square penetration patterns.33 The natu-
ral frequencies were obtained by theoretical calculations and
three-dimensional finite element analyses. The effect of holes
on the modal characteristics was investigated; they also pro-
posed new equivalent elastic constants for the modal analysis
of a perforated plate. Watanabe and Koike investigated fatigue
strength and creep-fatigue strength of perforated plates having
stress concentration.34 The specimens were made of type 304
SUS stainless steel, and the temperature was kept to 550◦C.
The entirety of each cycle of the experiment record was an-
alyzed, and the characteristics of the structures having stress
concentration were discussed. They also studied the stress re-
distribution locus in evaluation plastic behavior in a cyclic fa-
tigue process as well as a stress relaxation in creep process,
and the feasibility was discussed in conjunction with the com-
parison to experimental results. Jeong and Amabili presented
a theoretical study on the natural frequencies and the mode
shapes of perforated beams in contact with an ideal liquid.35

The work of Kathagea et al. deals with the design of per-
forated trapezoidal sheeting.36 They calculated the effective
stiffness values for perforated sheeting with different arrays of
holes based on numerical analyses and graphs. Also given was
the calculation of a buckling coefficient for a perforated plate
under uniform in-plane compression loading and the calcula-
tion for an infinitely long perforated plate under shear loading.
Paik studied the ultimate strength characteristics of perforated
steel plates under edge shear loading37 and under combined
biaxial compression and edge shear loads.38 Liu et al. studied
the effect of the cracks on natural frequencies and the modal
strain energy of a perforated plate with ligament fractured
cracks by finite element analysis.39 Cheng and Zhao studied
buckling behaviors of uni-axially compressed perforated steel
plates strengthened by four types of stiffeners: ringed stiffener,
flat stiffener, longitudinal stiffener, and transverse stiffener.40
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Romero et al. used digital speckle interferometry technique for
tuning resonant frequencies of vibrating plates in order to in-
vestigate the dynamical behavior of perforated plates.41 Exper-
imental natural frequencies and modal shapes were compared
to those obtained by an analytical approximate solution based
on the Rayleigh–Ritz method with the use of orthogonal poly-
nomials as coordinate functions. Mali and Singru introduced
the concept of concentrated negative masses for perforation
holes and determined the fundamental frequency of a rectan-
gular plate carrying four circular perforations in a rectangular
pattern.42, 43 Mali and Singru formulated analytical models by
using the greatest integer functions and unit step functions to
express non-homogeneity in Young’s modulus and the density
and determined fundamental frequency of free vibration of a
perforated plate.44–46

Many studies have been done on perforated plates having
rectangular/square and triangular arrays of holes, especially
in regards static behavior and stress distribution in the plate.
Present literature on the dynamic performance of perforated
plates deals with equivalent properties of material. These
equivalent material properties can be used to consider perfo-
rated plates as full solid plates in vibration analysis. The ef-
fect of the hole geometry, hole size, ligament efficiency, and
plate support conditions on the dynamic behavior of rectan-
gular plates has not been experimentally studied thus far in
combination and or by using FEM. There is no evidence of the
formulation of modal constants, functions from curve fitting,
or empirical equations to accurately predict the effective reso-
nance frequencies of a wide range of perforation geometries,
for rectangular plates with rectangular penetration pattern, or
for all edges with clamped support condition.

In the present study, Rayleigh’s formulation for perforated
plates is carried out by considering a perforated rectangular
plate as a full solid plate. Rayleigh’s formulation gives an
expression for fundamental frequency in terms of equivalent
outer dimensions of solid plates and material properties.

Further, Rayleigh’s formulation for fundamental frequency
is modified with the known value of a fundamental frequency
obtained from experimental analysis and by considering actual
geometrical parameters of the perforated plate. This modified
expression is rearranged to produce an expression for a modal
constant.

The proposed approach provides an alternative method to
the existing equivalent material properties approach. This
modal constant can be directly used to calculate fundamental
frequency by using actual material properties instead of equiv-
alent material properties.

In this work, the perforation pattern considered is rectangu-
lar with circular perforations. The boundary condition consid-
ered is clamped-clamped. Thus, the proposed approach per-
mits the ready determination of reasonably accurate natural
frequencies for a plate involving any combination of ligament
efficiency and perforation diameter. Presented are the finite
element method (FEM) analysis and experimental analysis re-
sults for two plates within a given test envelope and outside a
test envelope in order to illustrate the applicability and accu-
racy of the approach.

2. ANALYTICAL FORMULATION

The fundamental frequency expression of a plate is formu-
lated by Rayleigh’s principle.47 This formulation is carried out
by considering the perforated plate as a solid plate with the
same outer dimensions as that of a perforated plate. Rayleigh’s

principle is based on the statement, ’If the vibrating system is
conservative (no energy is added or lost), then the maximum
kinetic energy, Tmax, must be equal to the maximum poten-
tial (strain) energy, umax’. In order to apply this principle, the
elastic plate undergoing free vibrations in fundamental mode
is considered as a system with one degree of freedom. Kinetic
Energy of plate T is given as,

T =
1

2

∫∫
R

hρ
.

w2(x, y, t)dxdy . (1)

Assuming that the plate is undergoing harmonic vibrations,
then the vibrating middle surface of the plate can be approxi-
mated by the equation

w (x, y, t) =W1 (x, y) cosω1t; (2)

where W1(x, y) is a continuous function that approximately
represents the shape of the plate’s deflected middle surface
and satisfies at least the kinematic boundary conditions, and
ω1 represents the natural frequency of the plate pertinent to the
assumed shape function. Assume ω = ω1 would be its funda-
mental frequency.

The maximum value of Kinetic Energy is obtained at

sin2ω1t = 1; (3)

Tmax =
ω2

1

2
sin2ω1t

∫∫
R

hρ
.

W 2
1(x, y, )dxdy

=
1

2
ω1

2

∫∫
R

hρ
.

W 2
1(x, y, )dxdy . (4)

Maximum Strain Energy is given as,

umax =
1

2

∫∫
R

D[(∇2W1)
2 + 2(1− υ){(∂

2W1

∂x∂y
)2

−∂
2W1

∂x

∂2W1

∂y
}]dxdy. (5)

For conservative system by Rayleigh’s principal,

Tmax = umax. (6)

From equation (4) and (5), we obtain (7)

W1,xy =
∂2W1

∂x∂y
W1,xx =

∂2W1

∂x2
W1,yy =

∂2W1

∂y2
; (8)

Equation (7) is called Rayleigh’s Quotient and gives the fun-
damental natural frequency of the plate.

For constant thickness and homogeneous plates, D, ρ, and
h are constant. Hence, Rayleigh’s Quotient becomes, (9) From
Eq. (2) and for the orientation of the plate shown in Fig. 1,
assuming the solution of the form,

W1(x, y) =
[
1 + cos

πx

a

] [
1 + cos

πy

b

]
where

{
0 6 x 6 a

0 6 y 6 b
. (10)
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ω2
1 =

∫∫
R

D[(∇2W1)
2 + 2(1− υ){W 2

1,xy −W1,xxW1,yy}]dxdy

hρ
∫∫
R

W1
2dxdy

; (7)

ω2
1 =

D
a∫
0

b∫
0

[(∇2W1)
2
+ 2(1− υ){W 2

1,xy −W1,xxW1,yy}]dxdy

hρ
a∫
0

b∫
0

W1
2dxdy

; (9)

Figure 1. Co-ordinates of the plate.

3. ANALYTICAL SOLUTION
Fundamental frequency ω1, is obtained by substituting

Eq. (10) in Eq. (9) as follows:

ω1
2 =

9Dπ4

hρa4b4
[
3
(
a2b2

)
b2 +

(
a2b2

)
a2 + 2a2b2

+2a2b2(1− υ2)
]
. (11)

This fundamental frequency equation is further modified by
including perforation parameters given by Eq. (18) to get the
fundamental frequency Eq. (21) for the perforated plate.

The expression given by Eq. (11) is used to calculate values
of the correction factor (A), from known natural frequencies,
obtained by experimental analysis.

4. GEOMETRY OF PERFORATED PLATE
WITH RECTANGULAR PERFORATION
PATTERN

From Fig. 2 consider the triangle ABC with area J as

J =
LhLv
2
−
[
πr2

4
+
πr2

4

]
=
LhLv
2
−
[
2πr2

4

]
; (12)

and the number of triangular elements N as

N = 2

[
Lx
Lh

Ly
Lv

]
. (13)

The total area of the perforated plate is K = J ×N , where

K = LxLy −
LxLyπr

2

LhLv
. (14)

The mass remnant ratio (MRR) is defined as the ratio of the
perforated plate area to the area of the full solid plate of the
same outer dimensions. It can be expressed as

MRR =
K

LxLy
; (15)

where (LxLy) is the area of the full solid plate

MRR = 1− πr2

LhLv
; (16)

Figure 2. Geometry of the perforated plate.

Table 1. Details of the specimens analyzed experimentally.

ηl Pitch (d+ hr), (mm) hr, (mm) MRR
For d = 6 mm hole

0.2 7.5 1.5 0.4973
0.6 15 9 0.874

For d = 9 mm hole
0.4 15 6 0.7172

For d = 12 mm hole
0.6 30 18 0.8743

MRR =
ab

ab
− abπr2

abLhLv
= 1− abπr2

abLhLv
. (17)

Thus, the relation between perforation parameters MRR, Lh,
Lv , r and plate dimensions a, b is

ab =
(1−MRR)LhLvab

πr2
. (18)

The relation between the ligament efficiency, pitch, and liga-
ment width is

ηl =
(hr)

(d+ hr)
; (19)

for case the under study

Lh = Lv = (d+ hr). (20)

5. MATERIALS AND METHOD

Fundamental frequency is obtained experimentally, for four
specimens with configurations shown in Table 1. All the spec-
imens are analyzed for the boundary condition clamped on all
four edges. The correction factor is determined from Eq. (22)
for each specimen from the average values of the fundamental
frequencies obtained experimentally.48
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Figure 4. The fixture and specimen.

5.1. Experimental Analysis
This section covers the information about the test specimen,

clamping details, and experimental set-up used in the exper-
imental vibration analysis.48, 49 Specimens were prepared for
ligament efficiency 0.2, 0.4 and 0.6 and perforation diameters
6 mm, 9 mm, and 12 mm. Each specimen was tested ten
times, and the average value of fundamental frequency was
obtained. The outer dimensions of all the specimens were
259 mm by 207 mm by 2 mm, but effective dimensions of
the perforated area were 216 mm by 138 mm. All specimens
were made of mild steel material with an aspect ratio b/a =
1.565. The following is the material properties considered for
all specimens: E = 2.1× 1011N/m2, υ = 0.3, ρ = 7850 kg/m3

5.2. Test Specimen and Test Fixture
Figure 3 shows the schematic of the specimens used for

testing and fixture plate. The margin with holes (outside the
effective area) were kept to clamp the specimens between
two fixture plates to get the clamed-clamped boundary con-
dition on all four edges of the specimen. The test fixture
mainly consisted of two rectangular plates of outer dimen-
sions 259 mm by 207 mm by 9.2 mm. Both these fixture
plates had central rectangular cut-outs with dimensions of
216 mm by 138 mm, which were aligned concentrically one
over the other. The test specimen with all four outside edges
fixed was held centrally between these fixture plates.

Figure 3 shows one of two similar fixture plates with cen-
tral rectangular cut-outs and holes along the circumference for
bolting the plates firmly. These fixture plates, with the test
specimen sandwiched, were clamped together by using nut-
bolt assembly in the holes provided along the circumference of
fixture plates as shown in Figure 4. Thus, the required bound-
ary condition of all four outside edges fixed was achieved.

5.3. Experimental Set up and Procedure
Experimentation was conduced by means of two channel

FFT (Model: Virte 300+, Larson and Davis inc, U.S.A.) an-
alyzers, an impact hammer (Model: 086C03, PCB Piezotron-
ics Inc., U.S.A.), and an accelerometer (Model: 352C68, PCB
Piezotronics Inc., U.S.A.).47, 48 Figure 5 shows the experimen-
tal set up used for testing, and Figure 6 shows schematic of the
experimental set up. Care was taken in applying uniform pres-
sure at all bolts with the help of a torque wrench. Four sam-

Figure 5. Experimental set up.

Figure 6. Schematic of experimental set-up.

pling points were chosen for mounting the accelerometer from
the driving point survey such that the node would not occur
at these points. A fixed response method was used for taking
readings. The transfer function of each sampling point was cal-
culated by the spectrum analyzer and was recorded at sixteen
impacts to get the final spectrum for each specimen plate. Such
experiments were repeated ten times. The final results of the
natural frequencies for each specimen plate were mean values
of the ten readings. The final values of natural frequency were
tabulated in the last column of the Table 2. The dynamic mass
of the accelerometer was much less than that of the plate, so
the influence of the mass of the accelerometer on the dynamic
behavior of the specimen could be neglected.

6. RESULTS AND DISCUSSION

The average value of the fundamental frequency of each
specimen from Table 2 was used to calculate the value of the
correction factor for respective specimens.

6.1. Determination of the Modal Constant
The expression for the natural frequency of the solid plate

given by Eq. (11) could be modified by considering actual ge-
ometrical parameters of the perforated plate. Geometrical pa-
rameters of the perforated plate were related to the full solid
plate dimensions by the relation given in Eq. (18). The expres-
sion in Eq. (21) can not be used directly to calculate the funda-
mental frequency of the perforated plate unless the correction
factor is considered.

After simplification and after considering the correction fac-
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Figure 3. Schematic of the fixture plate and specimens used for experimentation.

Table 2. Experimentally obtained values of fundamental frequency.

ηl Pitch d, (mm) Fundamental frequency,(No. of Runs) Hz
1 2 3 4 5 6 7 8 9 10 Avg.

0.2 6 602 596 596 599 599 580 583 583 586 583 590.7
0.6 6 615 615 618 615 618 615 615 621 615 615 616.2
0.4 9 571 571 571 571 571 571 571 571 571 571 571
0.6 12 586 586 586 586 586 586 590 590 590 590 587.6

ω1
2 =

9Dπ4

hρ
[
(1−MRR)LhLvab

πr2

]4

3

[
(1−MRR)LhLvab

πr2

]2
b2 +

[
(1−MRR)LhLvab

πr2

]2
a2+

2

[
(1−MRR)LhLvab

πr2

]2
+ 2

[
(1−MRR)LhLvab

πr2

]2
(1− υ2)

 ; (21)

tor, Eq. (21) becomes

ω1
2 =

9Dπ6r4

hρ[(1−MRR)LhLvab]
2 ·

·
[
3b2 + a2 + 2 + 2(1− υ2)

]
(A); (22)

where A is introduced as the correction factor. Values of the
correction factor are calculated from Eq. (22) by using funda-
mental frequencies determined experimentally, tabulated in the
last column of Table 2. Correction factor values are tabulated
in Table 3 for different specimens. Equation 22 can be used for
calculating the fundamental frequency of the perforated plate
by substituting the average value of correction factor ’A’, from
Table 3. A simple approximate formula for the fundamental
natural frequency of the flexural vibration of the rectangular
isotropic perforated plate is given as,50

ω1 ≈

√
λD

hρ
; (23)

where λ is the modal constant.
Thus, the modal constant λ for fundamental frequency is

obtained from Eqs. (22) & (23).

λ =

[
9π6r4

[(1−MRR)LhLvab]
2 ·

·
[
3b2 + a2 + 2 + 2(1− υ2)

]
(A)
]
; (24)

λ =

[
9π6r4

[(1−MRR)LhLvab]
2 ·

·
[
3b2 + a2 + 2 + 2(1− υ2)

]
(0.009129)

]
. (25)

The expression given by Eq. (24) can be used to calculate the
modal constant λ for the fundamental natural frequency of the
perforated plates with rectangular perforation patterns of cir-
cular perforations having different configurations.

6.2. Application and Accuracy
of the Approach

The proposed approach is validated by additional experi-
mental analysis and by running FEM simulations with AN-
SYS. Configurations of the specimens are given in Tables 4 &
Table 5. The criteria followed to select the plate dimensions in
the analysis were

1. Validating the results of the proposed approach within the
test envelope, or the effective outer dimensions (a, b) that
were the same as the specimens given in Section 5.

2. Validating the results of the proposed approach outside
the test envelope, or the effective outer dimensions (a, b)
that were different from the specimens given in Section 5.

FEM analysis was carried out by using the shell63 element.
It is assumed that the structure is formed from isotropic homo-
geneous elastic material, or mild steel. Effective outside di-
mensions, thickness, and material properties of the first spec-
imen analyzed are the same as that used in the test envelope
and within the fixture limit, but configuration is different from
the test envelope. However, the second specimen thickness and
material properties were the same as that used in the test en-
velope, but the effective outside dimensions (a, b) and config-
urations were different from the test envelope. Due to the size
limitations of the test fixture experimental validation was not
carried out for second case as given in Table 5. It was found
that the results obtained from the proposed method are in close
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Table 3. Values of the correction factor for different specimens

Sr. no. ηl d, mm MRR Lh, mm Lv , mm ω1avg Value of A
1 0.2 6 0.4973 7.5 7.5 590.7 0.009099
2 0.6 6 0.8743 15 15 616.2 0.009906
3 0.4 9 0.7172 15 15 571 0.008504
4 0.6 12 0.8743 30 30 587.6 0.009007

Average Value of ’A’ = 0.009129

Table 4. Validation of the modal constant within the test envelope.

a, mm b, mm d, mm ηl Lh = Lv , MRR ω1 ω1, ω1

mm With modal Constant, Hz ANSYS, Hz With Experimental Analysis, Hz
138 216 9 0.4 15 0.7172 591.60 612.62 571

Table 5. Validation of the modal constant outside the test envelope.

a, mm b, mm d, mm ηl Lh = Lv , MRR ω1 ω1,
mm With modal Constant, Hz ANSYS, Hz

550 860 50 0.6 125 0.87433 47.07 42

agreement with the experimental and FEM results within test
envelope and are in close agreement with the FEM results out-
side the test envelope.

7. CONCLUSION

In the present work, the expression for the modal constant
for fundamental frequency of the perforated plate was deter-
mined. To establish this modal constant, experimental vibra-
tion data was used. A simple approximate formula for the
fundamental natural frequency of flexural vibration of a rect-
angular isotropic perforated plate was developed. Rayleigh’s
method was used in combination with experimental values
of the natural frequency to establish the expression for the
modal constant. The fundamental frequency calculated by us-
ing this modal constant is in good agreement with ANSYS re-
sult. Thus, this approach provides an alternative method to the
equivalent elastic properties method of the perforated plate for
finding natural frequency.
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