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The effects of aspect ratio and thickness

ratio on the average acoustic power radiation have also been

studied. It has been found that the variation of power radiation

with the change of these plate parameters is similar for both the

boundary conditions. The variation of acoustic power radiation

for two different materials have also been studied.

It is observed that at low mode orders, power radiation

from a steel plate is 'higher than that from a plastic plate. But

at high mode orders,a plastic plate radiates more power.

The power radiations from plates of different boundary

conditions are also compared with that obtained by Ahmed(53) and

Mandal(54) over identical range of mode orders. Power radiations

are observed to vary with boundary conditions but the difference

from one another is not significantly high and the nature of

variation for individual plate is more or less similar .
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NOTATIONS

a Half of the length of the plate

b Half of the width of the plate

c Velocity of sound in air

E Modulus of elasticity of the plate material

f Frequency of vibration of the plate

g Acceleration due to gravity

A function of m, factor of the dimensionless frequency
factor

A function of n, factor of the dimensionless frequency
factor

Hx

Hy

Jx

Jy

h

k

kp
m

n

pw
p

.'.~ R

A function of m, factor of the dimensionless frequency
factor

A function of n, factor of the dimensionless frequency
factor.

A function of m, factor of the dimensionless frequency
factor

A function of n, factor of the dimensionless frequency
factor

thickness of the plate

Acoustic wave number

Plate wave number

Number of nodal lines in x-direction

Number of nodal lines in y-directions

Total acoustic power radiation

Acoustic pressure,distribution

Distance of the receiving point from the center of the

plate

Ra Aspect ratio of the plate , bla
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Rt Thickness ratio of the plate, h/a

r Distance of the receiving point from the elemental area

smn Radiation efficiency

T Kinetic energy

t time

V Surface velocity distribution,potential energy

Vo Amplitude of velocity distribution

W Amplitude of vibration

w Instantaneous displacement of the plate surface

(x,y,z)Cartesian coordinate system

~ Roots of the equations, tan( ~ /2)!tanh(~/2)=O

ratio of specific heat at constant pressure to that at

constant volume

e(x) Displacement function in x-direction

Displacement function in y-direction

Wave length of sound

Dimensionless frequency factor

Density of the surrounding medium

Density of the plate material

Poison's ratio

~ Velocity potential

c~ wave number ratio, k/kp
(R,e,~)Spherical coordinate system

w Circular frequency of plate vibration
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CHAPTER -1

INTRODUCTION

I.I.GENERAL:
With the growth of mechanization in modern life,the problem

of noise is also growing steadily. The mechanical and electrical

equipment which are an integral part of modern living are also

the sources of many acoustical problems.Nearly every piece of

mechanical equipment in a building" is a source of sound and

vibration.The size and complexity of machines increasing road

traffic, etc. ,are contributing to the ever increasing level of

noise. The quality of life is being degraded by these noise

sources .The problem is already recognized as one of primary

importance and demands immediate attention.
Engineers and scientists are increasingly

concentrating on the acoustic design of theater and concert

halls, quieter mechanical equipment, reduction of aircraft noise

and on such specialized fields as under water-sound and medical

application of ultrasonic.One of the most important and extensive

application of acoustics and noise control relates to mechanical

systems of building.Here attention is focused on ensuring such

things as adequate speech privacy ,provision for acceptable

sleeping habits and little or no annoyance from equipment

noise.The cost of insulating against noise must also be

considered. Therefore ,the control of noise is important for

providing acceptable acoustic environment as well as for economic

reasons.
- 1 -
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1.2 MECHANISM OF PRODUCTION AND PROPAGATION OF SOUND:

An understanding

';-(",
I'.',

•.•• 1

\~
of the theory of acoustics is very

.•.i

important and necessary to identify the sources of sound and (~o
\ .

realize the mechanism by which it is produced. Noise is caused by

the vibration of solid, liquid or gaseous medium.When this

vibration is within the range of audible frequency of the human

beings, a human ear can perceive the noise; otherwise ,they go

unnoticed. When a solid body vibrates at a frequency within the

audible frequency range a part of the energy dissipated is

transmitted to the surrounding environment as perceivable

sound.Energy is transferred from one vibrating particle to the

next and the acoustic. energy travels through the surroundyng
. l..: :

medium as longitudinal waves. In this study our interest is to

find the amount of acoustic energy dissipated as noise due to the
,

natural vibration of rectangular plates with certain mixed

boundary conditions.

1.3 MOTIVATION TO SELECT THE PROBLEM:

Sound produced due to mechanical vibration of

structures is transferred to the surrounding medium in the form

of acoustic energy.

The noise generated by a machine has considerable

influence on its salabilit~'.Machines which vibrate excessively

and generate an unwarranted amount of noise are no longer

accepted by either the industrial concern or the home

owner.Everyday ,many problems are encountered with unwa'rrted
: i

sound. Many of these noise sources are in the form of flat piat~~.

- 2 - "

, "'-",



),

The familiar flat plate noise sources are windows, walls,floors

and roofs of buildings, many enclosed surfaces and integrated,

parts of machine,the walls ,of air-conditioning ducts,the air
)'.~

plane wings, etc. Numerous attempts were made in the past to~

evaluate the noise characteristics of different vibrating sourc~s'
I,

by direct measurement. Continued efforts in this dir:ection has
I

I Iled to the development of very sophisticated sound measuri~g
'\

devices. Engineers always endeavor to eliminate acoustical noise

'from the mechanical systems and buildings. In order to determine

the noise dissipation from the rectangular flat plates under

various mixed boundary conditions ,vibrating ,in one of th~ir

natural modes, knowledge of acoustics of these plates is very

essential.

1.4 OBJECTIVES OF THE STUDY:

In this analysis, attempt is made to study the noise

generating characteristics of a rectangular flat plate in an

infinite baffle. The plate is subjected to two mixed boundar'y

conditions.These (a) opposing ends free and
r./ ..,

are two other "~wp
\

ends simply supported ,(b) end simply supported and "\ :.one otHer
I,'

three ends fixed. Tile objectives of the study can be outlined as

follows.

(1) The development of appropriate displacement functions that

satisfy the boundary conditions of the rectangular flat

plates vibrating in flexure.

(2) Derivation of expressions for the natural frequencies~of
. (I"

vibrating plates for different mod~ shapes.

- 3 -
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(3) Evaluation of the frequency of vibration for a particular

case and study its variation with the mode shape.

(4) Derivation of an expression for the power radiation due to

natural vibration of the plate under consideration.

Evaluation

numerical integration

«-r
! ".i

power radiatetl,', .

I :'

the method olf'
I
I
i !for the power

by

average

plates

the

expression

of

the

baffled

of

the

magnitude

of

theof

sideonefrom

( 5 )

radiation.
(6) To study the variation in the radiated power from the plate

with various modeorders,aspect ratios ,and thickness ratios

under different boundary c?nditions.

(7) Determination of the radiation efficiencies of the plates

underdi fferent boundary conditions and plotting the same

again~t the wave number ratio for comparing the results of

the current investigations wi th those of the previous

~!:
works(51,53,54)in order to verify the reliability of the

present ~nalysis and to ascertain the absenc~ of any error

in the numerical procedure employed.

1.5.DEFINITION OF TERMS:
Some of the terms used in this thesis are defined in

order to remove ambiguity in their use and to attach precise

meaning to them.

(a)Acoustic Pressure:
Sound is a disturbance that propagates through an

elastic medium at a speed characteristics of that medium.
/'Sound

"
travels as a wave of alternate compression and rarefaction wi~h

I

4 -
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an associated pressure variation. The pressure variation during'

sound traveling is of great importance in most, practical

problems. The acoustic at any point is the difference between the

actual pressure at that point in the presence of the sound and d
/,'~~'

the pressure that would exist at that point, under identicah:
1 i

condi tions, in the absence of sound. This is often called exceski

pressure or instantaneous sound pressure. It varies sinusoidally

with time.

(b)Effective Sou~d Pressure:

Sound consists of a rapid irregular series of positive

pressure disturbanceslcompressionJ and negative pressure

disturbances(rarefactionl measured from the equilibrium pressure

value. Therefore ,the mean value of sound press~re disturbance is

zero,because there are as many positive compressions as negative

rarefactions. An attempt at using the mean value conveys no

useful information. Thus when dealing with pressure it is

convenie,n,t to use the root mean square, or r.m.s. ,value.This is'

defined as the square' root of the average of the squares of d~~
instantaneous sound pressure. In mathematical notation,

Prms is the peak value of sound

in the

wave.The rms value of sound pressure is often called effective

sound pressure.

(c)Acoustic Intensity:

Acoustic power is transferred to the surrounding medium
r-'
( \

form of sound due to the vibration of a body. The mos't
\ '
"

basic quantity in understanding the sound power is acoust\c

- 5 -



intensity. For defining it, a point at some distance from a

source of sound and a small area perpendicular to the line

joining the point to the source has to be considered. Some of the

power genera ted by the source wi 11 be transmi tted through the

area. The exact amoun t 0 f power transmi tted depends not only on

the sound power of the source but also on its directional

properties, the distance .of the area from the source and the

presence of sound absorbing or soulld reflecting materials.If the

power passing through an area A is W, then the acoustic intensitt
I is given by

I=W/A.

- 6 -
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CHAPTER - Z.

LITERATURE REVIEW

~ Introduction ~
Work on the study of the vibration characteristic. of

rectangular plates began in the last part of 19th century when it

was realized that a large number of structural systems in civil,

mechanical and ~erospace engineering are composed of these plate

'components. The dynamical behabiour' o'f these structures was first

studied by Rayleigh. He developed the fundamental equations

governing .the vibration of plates. Since the middle of the 20th

century, noise has been recognized as a source of environmental

pollution which ultimately affects human comfort.From that time,

research in this field attracted the attention of investigators.

The study of acoustic radiation characteristics of flat plates

has not yet ascended to a level of satisfaction.

2.2. VIBRATION OF PLATES:
The vibration of plates was studied by many

investigators in the past. Most of the. initiators confined their

study to the determination of the frequency of vibrating plates.

In 1954,Warburton (1) derived approximate expressions

for the frequencies of all the modes of vibration of isotropic

plates subjected to any combination of free, simply supported or

clamped edges. He appl ied the Rayle igh method, assuming

deflections of the plates could be represented by

- 7 -
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characteristic functions satisfying the boundary conditions(2).In

his analysis , Warburton first developed a set of beam functions

satisfying the edge conditions of beams and used those functions

to the vibration of plates.He expressed the frequency in terms of

a dimensionless frequency factor which in its turn is a function
of the mode shapes of the vibrating plates.

I" 1959,Hearmon(3) applied the Rayleigh method to

derive closed formulas for the frequ~ncy of vibration of

orthotropic plates unde~ any combination of clamped or supported

edges. He used the characteristic beam functions developed by
Warburtonll) appropriate to the boundary conditions. In 1962,

Claassen and Thorne(4) studied the vibration of thin rectangular

isotropic plates and presented four graphs giving the first ten

vibration frequencies of a clamped rectangular plate as a

function of the ratio of sides, and one graph of nodal lines to

illustrate the transition from one mode of vibration to another.

Approximate values of the natural frequency of an

isotropic rectangular plate with thickness varying in one

direction were reported by Apple and Byers (5). They calculated

the upper and lower bounds for the fundamental natural frequency
of the simply supported plates. Ueng(6) derived the natural
frequencies of vibration of an all-clamped rectangular sandwich

panel in 1966. Dickinson(7) extended the sine series solution,

previously used for the study of the flexural vibration of
rectangular isotropic plates to freely vibrating orthotropic"
plates. He presented the application of the method to threJ",i\1

- 8 -



particular plates with different support conditions and also the

numerical results of two of these examples. Vibration of rib-

stiffened elliptical and circular plates were analyzed by

Desiderati and Laura(S) in 1970. They dealt with the
determination of the fundamental frequency of vibration of
simply-supported and clamped rib-sti ffened plates of elliptical

boundary. They presented calculations of the fundamental

frequency of vibration of circular and elliptical plates with
stiffeners in one direction

supported cases.
for both the ~lamped and simply

Hoppmann(9)in a comprehensive experimental study
measured the resonant frequencies and mode shapes of both

circular an<! elliptical plates with and without stiffeners for

the clamped case and calculated the fundamental frequency for the

stiffened circular plate using the "orthotropic plate"

approximation and the Rayleigh-Ritz(10) method.Leissa(11) studied

the vibration'of an unstiffened simply supported elliptical plate

using the Rayleigh-Ritz method with a three-term deflection

function and McNitt( 12)obtained results for an unstiffened

clamped elliptical plate using Galerkin's method and a two-term

deflection function. An analytical study of the natural

frequencies and mode shapes of anisotropic thin plates was

presented by Mohan and Kingsbury (13) in 1971. They

certain mixed and unmixed boundary conditions.
considered

Toshiyuki Sakata( 14) derived an approximate
formula for the estimation of the fundamental frequency of ',\the,'.

"

- 9 -
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simply supported orthotropic rectangular plate with thickness

varying linearly in one direction. The accuracy of the formula

and the influence of the flexural rigidity on the natural

frequency was also discussed. Gorman(15) conducted free vibration

analysis of plates with all combinations of clamped-simply

supported edges,except those plates with two opposite edges

simply supported. In 1979, Leissa ,La~ra and Gutierrez(16)

presented a general method for dealing with supports having

translational and rotational flexibilities which vary in an
. .

arbitrary manner around the boundary. Iyengar and Raman( 17)

investigated the free vibration of circular plates of arbitrary

thickness using the method of initial functions. Numerical

results were obtained for flexural vibration of circular plates .

These authors (18) also studied the axisymmetric free vibration

of thick annular plates by the same method of initial functions

and determined numerically the natural frequencies for two

typical support conditions.

Chuh ~lei ,Narayanaswami and Rao (19) developed

a fillite element formulation for allalyzing large amplitude free

flexural vibration of elastic plates of arbitrary shape.

Nonlinear frequencie;s for square, rectangular, circular, rhombic

and isosceles triangular plates , with edges simply supported or

clamped, were obtained. A triangular plate element was de~eloped

to investigate large amplitude free flexural vibrations of thin

elastic pla.tes of arbitrary shape. Mizusawa, Kajita and

Naruoka{ 20 I presented a general procedure for calculatingthe~i

- 10 -



.,
free vibration of stiffened skew plate~ by Rayleigh-Ritz method

.j

with B-spline functions as coordinate functions.

In 1980, Ali and Atwal(21) studied the simply
supported square plates with square and rectangular cutouts. They

followed the Rayleigh's principle and predicted the natural

frequencies and mode shapes with the help of finite element

technique.A finite strip analysis of the vibration of rectangular

Mindlin plates with general boundary conditions was described by

Roufaeil and Dawe(22) in 1980. They used the riormal modes of

vibration of Timoshenko beams to represent the spatial variation

along a strip of the deflection and two cros~-sectional

relations. The accuracy of the approach was demonstrated by the

results of a number of applications t.o square plates with

combinations of simply supported, clamped and free edges.

In 1981, Toshihiro Irie, Yamada and Yoda(23)
deri ved the frequency equations' of membranes and plates under
free vibration by the Ritz method The natural frequencies and
mode shapes were calculated numerically upto modes for the

membranes and plates symmetrical with respect to the center

lines. Lin and Chiang(24) analyzed the steady state vibration of

plates by Laser speckle method .and determined the frequencies

Gelos and co-authors(25) in 1981,conducted the analysis of
vihration of circular plates with variable profile. They took

into account some complicating factors like concentrated masses ,

in-plane forces, anisotropic characteristics of the plate

material, etc. Basci, Toridis and Khozeimeh(26) developed an

- 11 .!.



improved method to study the free vibration of thin rectangular

plates. The natural frequencies of stiffened clamped plates were

obtained for plates with different sector angles by Srinivasan

and Thiruvenkatachari (27) with the help of integral equation

technique. Ovunc (28) obtained a general solution for the

Helmholtz differential equations in the complex. domain and

applied to the non-linear free, bending vibration of plates.

The effect of stretching on the natural circular frequencies was

illustrated. The non-linear, free vibration of circular plates

was investigated by the dYllamic deflection function.

In 1985, Mirza and Bizlani (29) solved the

problem of the natural frequencies and mode shapes of

cantilevered triangular plates with variable thickness using the

fini te element technique. K. Ohtomi (30) studied analytically the

free vibration of a simply supported rectangular plate, stiffened

with viscoelastic beam. The effects of the volume and number of

stiffening beam on the plat~ were clarified. M. B. Rubin(31)

studied the free vibration of a rectangular parallelopiped

composed of a homogeneous linear elastic isotropic material using

the theory of a Cosserat point. In 1986, Ganesan and Rao(32)

derived the mass and stiffness matrices of an annular element

consisting of base plate and unconstrained damping layer assuming

a modal solution to the equation of motion of the plate. The

complex eigen equ~tiollS were solved for frequencies by an

exten8ion of the simultaneous iteration technique. Free vibration

characteristics of a damped stiffened panel wiih appli~d

- 12 -



viscoelastic damping on the. flanges of the sti ffeners were

studied using finite element method by Gupta and co-workers(33).

In 1987 Craig and Dawe( 34) considered the free

vibration of prismatic plate structures of laminated composite

material and having diaphragm end supports using the finite strip

method. Natural frequencies were calculated by these authors.

Srinivason and Babu( 35) investigated the free vibration of

laminated quadrilateral plates with clamped edges. the behaviour

of trapezoidal plates with different number of layers were

studied. Chen and Juans(36) obtained the fundamental natural

frequencies of axisymmetric circular and annular plates subjected

to a combination of a pure bending stress and extensional stress

in .the plane of the plate. Y. C. Zhang and Xianyuong He (37 )used

a technique for using di~crete least-squares methods to

calculate the natural frequency of thin plates. The single or

double fifth B-spline functions were used as trial functions and

2nd order eigen equation was established. The results for

calculating simply supported or clamped isotropic plates and

particularly orthotropic laminated plates were in good agreement

with the analytical solutions.

2.3. Acoustic Radiation from plates:

Although vibration analysis of solid structures like

rectangular plates is quite numerous the study of acoustic

radiation due to vibration of flat plates is rather lacking.

In 1954, Skudrzyk(38,39) obtained the

solution to tile radiation of power from an elastic plate for a

- 13 -



time harmonic point force. He used the classical plate theory

The solutions {or the acoustic radiated pressure from a point'

excited plate using the classical theory was given by Feit(40)

and Skudrzyk(39). The radiation impedance of membranes and plates

of finite width carrying a traveling, wave, was calculated by

Lowenthal and Tournois (41). The method used led to 'a relating

simple analytic expression. The problem of acoustic coupling of

these strips with the fluid propagating medium was then examined.

An expression was derived for the acoustic power

radiated by an infinite uniform isotropic plate excited by a

time-harmonic moment acting at a point on the plate by Thompson

and Rattayya(42)in 1964. The effect of.radiation loading was

included. Results were obtained that were valid below the

coincidence frequency. Tsakonas, Chen and Jacobs (43) determined

the acoustic radiation of an infinite plate excited by the field

of a ship propeller both by theoretical and numerical methods. In

1967, Maidal.ik(44) computed tIle far-field acoustic pressure

generated .by an infinite plate driven by a point and a line

force. The plate considered here was backed by a fluid medium

that was terminated by a parallel infinite baffle. He also

applied the same methodology to a coated infinite plate. Magrab

and Reader (45)obtained an expression for the far-field pressure

radiated by a t~in elastic plate bounded on one side by a fluid

medium when the plate was excited by a time-varying point load.

In order to discuss the sound radiation from a

direct-radiator loudspeaker in the high frequency region, an

- 14 -



elastically supported circular plate in an infinite baffie was

used by Suzuki and Tichy(46). The nor~al modes of this plate was

consistently treated from the free boundary to the simply

supported boundary, which were the limiting cases of the

elastically supported boundary by defining a dimensionless

parameter representing the ratio of the edge stiffness t.o the

oending stiffness of the plate.To improve the high frequency

prediction of elastic plates, Feit(47) employed the Timoshenko-

Miudlin theory for such a prediction. This theory adds shear

deformation and rotary inertia to the classical flexural theory.

There are two dispersion curves for this plate. The flexural

branch (acoustic) has phase and group velocities approaching the

Rayleigh velocity of the plate material as the ftequency

i.ncreases.

Sound radiation from beam reinforced plate

excited by point or line forces, has been investigated by a few

authors. Feit and Saurenmall(48) analyzed the acoustic radiation

of a point excited plate reinforced with a beam, but confined

their interests to high frequencies. Gorman( 49) obtained the

solution for a plate reinforced by many beams and excited by a

line force parallel to the beam.His solution thus makes the

beams' reaction on the plate purely as rotary and transverse

impedances without flexural wave traveling in the beams.

Wallace( 50) found the radiation resistance from the

far-field pressure distribution produced by a baffled beam,

vibrat.ing with simple harmonic motion in one of its natural

- 15 -



modes. He considered beams hinged at each end and clamped at each

end. The author derived expressions for the radiation resistance

which are asymptotic to the exact solut'ion as the frequency

approaches zero. In addition, numerical integration of. the

farfield acoustic intensi ty was used to obtain graphs covering

the entire frequency range for the first ten modes of the beam.

In another paper (51)Wallace determined the radiation resistance

corresponding to the natural modes of a finite rectangular panel

supported in an infinite baffle. He used the appropriate beam

functions given by Warburton( 1) But his analysis was confined

to simply supported plates only
In 1987, Wallace(52) determined theoretically

the acoustic damping for single modes of a finite rectangular

panel ,simply supported in an infinite baffle from the ratio "of

the acoustic energy radiated per cycle to the vibratory energy of

the panel. Ahmed(53land Handal(54lstudied the acoustic power

radiation from one side of a baffled rectangular isotropic plate

for different thickness ratio, aspect ratio and mode orders.

Ahmed(53) found the radiation efficienq' of the plate with all

edges simply supported.HandaI( 54 lalso found the radiation

efficiency of rectangular plates for two opposing ends fixed and

other two ends free. The -problem of acoustic radiation from

baffled finite elastic plates driven by multiple random point

forces was analyzed by Peng and Keltie(55). Expressions for the

surface acoustic intensity and radiated sound power were derived

neglecting the fluid loading. By

- 16 -
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lightly damped and neglecting the modal coupling effects ,i
. \::

approximate solutions for the acoustic intensity and sound power

b
. . 1 d 1 . d t tl ':were 0 ta1ned. An exper1menta stu y was a so carr1e ouo I i

measure the surface acoustic intensi t~. patterns and to compare'

them with the analytical results.
As appears from the foregoing survey,

the majority of the research works in the field of noise of

vibration are for the natural frequency of rectangular plates.

Not .much work has been done to analyze the acoustic radiation

characteristics of rectangular flat plates vibrating in its

toof rectangular plates are continuing and have

natural modes. Works on natural frequency and acoustic radiation
, 'I igo a long way

l!
before full comprel,ensioll is achieved.

""

r-'-\, "
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CHAPTER 3

FOR'MULATIONOF THE PROBLEM

3.1. Introduction

Sound is usually produced by some vibrating object which

!
,I
}

"

is in contact with a fluid. In this analysis "the vibrating

object is a rectangular plate of uniform thickness. It is assumed

that the plate is confined in an infinite baffle. The baffle

prevents the movement of air around the edges of the plate and

permits radiation into the spaces in front of either of the

surfaces of the plate. Since air is an elastic medium ,the

disturbed portion transmits its motion to the surrounding air so

that the disturbance is propagated in all directions from the

source.Energy is transferred from the plate to the fluid due to

vibration of the plate.

The properties of sound wave depend on 8peed~

characteristics' of the medium which in turn depend on the

characteristics of the source. Our keen interest here is to

determine the genera ted sound energy and radiation e ff iciency.

Fluid medium outside the source is assumed to be initially

uniform and at rest. The physical quantity that is generally of

interest is sound pressure. We assume that the acoustic pressure

generated outside the source is small enough so that the first

order equations of sound are valid in the region outside the

heresource. The plate

simply-supported,

considered

clamped or

ma~' have any comb ina tion (o_{

freely suspended condition at ;th~
.
I

- 18 -



edges. The present analysis is centered to certain mixed boundary

condi tions. They are (1) two opposing ends simply-supported and

the other two opposing ends freely suspended, (2) one end simply

supported and the other three ends clamped. The plate, along with

the coordinate system lIsedin the analysis is shown in fig.-1.

Each of the boundary conditions is considered in separate

sections later. But only a general mathematical model is
presented in this chapter.

3.2. ASSUMPTIONS:

The mathematical analysis of vibrating plates is

extremely complex. Due to this, it is neces~ary to make certain

assumptions which will simplify the problem. These ~re :

(1) The thickness of the plat~ is small compared with other

dimensions and the thickness is uniform.

(2) The pl~te is free from applied load.

(3) No strain is suffered by the middle plane of the plate. this

plane remains neutral during bending.

The plate is isotropic , elastic and homogeneous.

The normal stresses in the direction transverse to the plate

I
,I
I
I

( 4 )

( 5 )

( 6 )

(7 )

cross-sectional plane

strain.

Deflections are small in

the plate.

before strain remains plane after;

comparison with the thickness of

can be neglected. These stresses must be zero at the

surfaces and, provided that the plate is thin,

reasonable to assume that it is zero at any section.

- 19
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(8) The influence of shear and rotating inertia is neglected.

(9) Only transverse displacement is considered.

3.3.MATHEMATICAL MODELING:
The vibrating form of a rectangular plate of dimension 2a 2b

must satisfy the boundary- conditions at the edges and also

satisfy the plate equation of dynamical equilibrium. Due to

excitation , the plate vibrates in simple harmonic motion in one

of its natural modes. The transverse displacement at a point

(x,y) on the surface of the plate at any time t corresponding to

the (m,n)th mode of vibration is given by (53)
.......................... (3.1)

, where,
wmn=amplitude of transverse displacement.

W=natural angular frequency of vibration of the

plate 60rresponding to the (m,n)th mode.

t= time
displacement fur,ctions describing the wave forme(x) ,el y) =

,rr'

of the vibrating plate in conformity with the conditions at U{e '/"

edges .• The motion of the plate surface which generates the

acoustic radiation is given by the normal velocity distribution,
il
!

!I u = ----------
dt

= U e iLl> t
o

Due to the vibration of the plate ,a disturbance is created :in, ,

the fluid surrounding the plate. This disturbance propagat~s , "

-20 -



through out the fluid if the fluid is compressible. It is desired

to study the characteristics of this propagation . Some relevant

necessary notations are needed to be included here for the

aforementioned purpose.

The notations are -

x,Y,Z coordinates of a particle of the medium.

component velocities of a particle in the medium,
pi instantaneous density of the medium.

c velocity of propagation of the disturbance,

s' the condensation of the medium at any point due to the

the velocity potential.

undisturbed density of the surrounding medium,

i. e.
,
s =

pi

Po

~

passage of sound wave and is defined as the ratio of the chan~e

in density to the original density,
I

(p-PoJ
------

fa
instantaneous sound pressure of the medium at any point,

c - the velocity of propagation of the disturbance, independent
.'~,'

of x,y,z and t.AII the other quantities are functions of x,y';,z

and t. Now, we have to define the velocity potential which is the

most important single quantity in the study of the irrotational

motion of fluids.

Velocity potential(qJ) is defined as a scalar

function of space and time i.e., f=f(x,y,z,t), such that its
.l'

negative derivative with respect to any direction is the f,l\jid

velocity in that direction, i. e.,

- 21 -
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u.=-~
la __ ~

V - ~Il
W=- .M2ll;

where u ,v, ware the velocity components along x, y,z

directions ,respectiv~ly. The negative sign in the above

equations for has no physical significance, .It is a

conventional adoption here which means the fluid moves in the

direction in which the velocity potential decreases !lod agrees

with the convention adopted for the direction of other quantities

for the potential function in mathematical physics.

Considering a small volume element of the flu-id,

the difference between the efflux and influx of the mediu'm in

l

this element is equal by the p;inciple of continuity, to the

time rate of growth of mass in the element.

For developing the mathematical expression

of this principle the mass flow through the faces of a small

paralellopiped with edges parallel to a x,y,z co-ordinate system

have to be considered ..Let the center of the body be at (x,y,z)

and the center is fixed in space(Fig.3.1).

Now, the mass flow rate through the paralellopiped
Iin the x-direction ",p u ;'yOZ

The in-flow rate of mass through the left .x- face of the
I ~ ''0""1paralellopiped '"f'u- ~) (f'uhi.-'Oy OZ.

Similarl~, the out-flow rate through the right x-face '"
, ',) n' 0/.e ut ?iJI.- u )-2. oy 0Z •

. ,
Therefore , the net mass inflow rate

- 22 -
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through the two x-faces=

Similarly, the net mass flow rate through the two y-face
o ''>. "= -o;/Pv) UX OY OZ and

b ' \.throughz-faces =-ilzl(Jw)ux OY OZ.

Therefore, total mass inflow through x,y,z

directions = - [~;:(p/U)+~~(pIV)+g:)r~)J ~x Oy c,z.

Net increase in mass in the paralellopiped per unit of time =

'Om

?>t
But ox,oY,rz are independent of time.

So we can write,

om 'Or!
------ := ------ 'x 'v.""':l.z,.,. OJ U •

?:J t Cl.t

But the net increase in mass =mass inflow -mass outflow.

....•...• (3.4)

opt
=---ST

= 0 ••••••• ~. 0.' .- ••••••••••• (3.3)

Compared with unity tile condensation is a very small quantity in

~loreover, acous tical wave lengths .are soacoustics.

u,v,w,and s change very little with x,y,z. Hence 9~
- U~

long
OSI. ~

that.

,etc .
quantities. Therefore, we can neglect terms likeare very small

, oU o~'
C. and U,,:" in
v 0"1- o,~ comparison to

- 23 -

and to this approximation the



-"-.,>

Y

,,,
I
I
I

I I
I I I
l I I

- ~ _...•••_.;_ -----l
, I '

'" I "

x

Z

Fig.3.t.

- 2"'1-

( X,Y.Z ) ,f

. I

,

1.'I



continuity equation becomes

2; Sl Ou ?)v ow
------ + ------ + ------ + ------ = a
at ox I)y 2lz

• • • • • ", • • • • • • • • I • ( 3 . 5 )

Substituting the values of u,v,w in terms of the potential

function,

os' 'V '='7'P •••••••••••••••••••••.•••••••• '.0 ••••••••••• ( 3 .6)

To replace. (3.3) by an equation in which q> is the. only

independent variable, the hydrodynamical equations of motion( 65)

have to be considered.

these are,

Ou Ou Ou ;>,u 1 Dpl
+u ---- +v +w = - --- ----

at ox Oy oz DI OXI

IJv OV ov OV 1 Opl
+u +v +w = - ---

ot Ox Oy 2)z p: Oy
'Ow ow Ow Ow 1 OP/

+u +v +w = - ---
c,t ax Oy oz . P' az

The left-hand sides of the above equations represent the total

acceleration (summation of convective and local acceleration

and the right- hand sides, the force per unit mass. There are no

body forces acting here.

Reasoning that the change of u, v, and w with (x, y,z)

is very small, equations of motion take the simple form: (

o u 1 () pi= - ---at pi ax

- 25 -



OV 1 DP'
= - ---

at pi DY
'Ow 1 7)p'

= - ---
ot 0/ GZ

Substitution of ?J<1'u- - ._.,-- ?J:Y..
gives

v=- ()1'
DC

()<:'w=- -'5?: into these equations

1 OP
I

_Q- _0-.'1)_( - = - ---
Ot i')x pI Ox

-;" iU:_ 1 bP'
--- ( - = - ---
Ot by P' Oy

Q llCJ
1 bP"

( - = - ---
?it ?Jz pI QZ

Multiplying these three equations by dx, dy ,dz, respectively and

adding ,

1
dp"

or integrating :

0'" J dp'__L = __ '__
b t pI . . . . .. .. • .. • .. .. .. .. .. .. .. .. .. .. . .. .. .. .. .. '. .. .. .. • • .. .. .. .. .. ~.. .. .. .. ( 3 ..7 )

Since the density changes very little , the mean density ,p
may be 'used. Then J dp'
so,

reduces simply to the excess pr~~sure,

-Q4? = PI P
"Dt

...............................................•.......•...... (3.8)

....•..••. \

Where P is the excess pressure.

The next property of a gas which is used to
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derive the wave equation depends upon the thermodynamic

properties of gases. The compressions and rarefactions in a sound

wave are too rapid for the temperature of the gas to remain

constant . The changes in pressure and density are so rapid that

practically no heat energy has time to flow away from the

compressed part of the gas before this part is no longer

compressed. ~hen the gas temperature changes, but its heat

energy d6es not, the compression is termed adiabatic~

~~ In case of an adiabatic process,
" (j--. \
~ ~ ,Wci""constant,
W~ ~ \VI 1 t pI,

11-1;;..- __ -:::::::_'---_ = vo .ume a pressure

Vo = volume at pressure Po'

Po = static pressure The static pressure is the pressure that

would exist in the medium with no sound waves present,

"('= ratio of specific heat at constant pressure

constant volume.

to that at

.................................•. (3.10)

m
Now, VI =---p'---
Therefore, pi

------- =
Po

Again, PoVo~=constant,
'(, 'f_or , Po~ Vo dVo+VodPo-O

and Vo =

pi '('------)p

m

p
...•... , ..... , .•..•..••..• (3.9)

or , l' Po =
dPo--~------=E , bulk modulus •
dVo

Therefore, velocity of propagation,

c=

- 27 - .'



or

Now,

or,

....... " " (3.11)
,

p- p
since S/= ---p--

I yo (f'- I) ''V
1+'('s + --11: S -I- - - •. - - - - - - -

.Neglecting the higher- order terms since s'is very small,
pI

or,

or,

=1+ "('Sl

Po

I IP - Po=I'Pos
P= I'P Slo

P

or,

or, Sl = - _
•••••••••••••••••••••••••••••••••••• 0 ••••••••••••••••••••••••••••••••••••••• ( 3 ..12 )

, ~

(YI' Q 1>Substitution of equation (3.12) and u =- ~~, v=- ~d ' w
equation (3.5) gives

2l<p. t=-~ 1n 0

or,

. 0 P
---- (---- )-
Ot 'I' Po

bp
---- - oPat 0 =0 ................•.•.•.• (3 .. 13)

Again, substituting equation (3.8) into equation (3.13.),

'0

Ot -IP o =0

or, 0"" i\'---- -

Using equation (3.11) the above expression can be written as,

- 28 -



or,
v
uqJ 2 rv
7J--:(~o/ =c "';7 cp .. "

0

' ••••••••••••••••••••••••••••••••••••• (3.14)

Which is the familiar'equation of wave motion The general
solution of (3.14) shows that the influence of any value of is

propagated with velocity c .

The spherical wave which originates at a point and

spread out in all directions from a source , is considered to be

centrally symmetric. Thus , all the properties of the wave at a

point in space depend only on time and, on the distance to the

origin of a system of coordinates. in spherical polar

coordinates, the wave equation can be written as (GO),

.............. : ..•... (3.15)

Where, x = R sinS cos~
,"y = R sinS sinK

z = R co"sS

The angles Sand' c/, are the polar and the azimuthal angles
,respectively For the centrally symmetric case the veloci ty
potential is only a function of Rand t , so that equation(3.15)
reduces to

;5'') 2(----+----'0 ~,..... R ••• e.' •••••••••••••••••• ( 3.16 )

However , since
-,.)( R'D)

------
QR2

'/ 2
r) rV= R(-----+---
') R2 R

Cl (1)
-----)
'OR
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equation (3.16) may be written as
'V

b (<\lR)
------
ot2 • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •.• • • • • • ( 3 • 1 7 )

This is the general wave equation for

propagation .
spherical wave

Let Ijl =
1

(--~-
R

) F(ct+R), where F is any arbitrary function.

Clearly , satisfies the general wave equation (3.17) , so it is

the solution of the above equation .

Now, postulating a harmonic wave'and, for convenience

employing the complex notation for of the plate problem ,

'X/A

r

eik(ct+r) .............................. (3.18)

where r is the distance from the source dA to the receiving
point ,

~I is the amplitude of the velocity potential produced per unit

area of the vibrating surface,

A is the area of the rectangular plate on which disturbances arel

created and propagated into the surrounding medium ,

k = 2!'i/ II = Wl),f = wlc , acoustic wave number.

W is the angular frequency of vibration,

c is the velocity of sound in air,

f is the frequency of harmonic vibration , and

Ais the wave length of sound wave.

Equation (3.18) can be written in differential form as

- 30 -



0</ dA
d4'= ---- eik(ct+r), where dA =dxdy.

r

The total velocity potential at the receiving point (R, e, 0<

will be obtained by integration of the contributions from over

the whole plane surface

tJ' = J 0(1 ik(ct+r)ey r

=J
0(/ ei (lIlt+kr)dA
r

of the rectangular flat plate and so

dA , ( 3 ..18a)

In order to evaluate 0(1, the source of hemispherical waves at dA

is considered to be a pulsating hemisphere of radius ro which

is finally to be made vanishingly small. Hence area = dxdy, and

at the receiving pointthe velocity potential
'V'4'y =. ~LJ::..!s>_"'5.~ ei ('J)t+kr)
r

is.
.. .. .. .. .. .. .. .. .. .. .. .. .. .. ..•....• .. .. .. .. .. .. .. .. .. .. .. ( 3 ..,1 9 )

The particle velocity at the surface

given by

of the hemisphere will be

r := '7"13

= -27\r 2 (%1 ei ( '.ut+kro) .~ ~-!'_
o . '-- Yo

I } .- - -""" "•........ (3 ..20)To
where V is the linear surface velocity which follows the harmonic

variation. According to equation(3.2)

V = V eiwto .............................................................................. (3 ..21)

where Vo is the amplitude of velocity distribution.

From equations (3.20) and (3.21) it is evident that if ro-+O •

.~ .
Ior,O{ = ......................................................................................... (3.1 Bb)
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Therefore, ei ( LJ) t+kr I dA

e ikr ciA ..................•.••..• '•.. ( 3 • 22 )

From the expression (3.8) we have the acoustic excess pressure
P = P elY for area dA =dxdy,~+
Then, from equation

'u,) pUo
dP = -------'L-,..y

(3.18a) & (3.18b)
ei(lylt+kr) dA

-or, dP =ikpc drp .....................•.•...•.•..••••••. (3.23)

Substituting df from equation (3.22) into equation (3.23) we

have,

dP= 1tf_cU_ eikr dA (3.24)
2.71"(

If the receiving point (R, e, c>() is located in .the farf~eld.

then the distance r of the receiving point from the elemental

area can be expressed with the first order approximation as (53),

r ~ R- (xcos~+ysin~Jsine ..~.•..•..•.....•..••••.• (3.25)
The second term Ixcos"'+ysinev) sine in equation (3.25) i~

very small compared to the first and its' effect can be neglected

in the amplitude factor of equation (3.24). However, both terms

are equally significant as far as the phase factor of equation

(3.5) is concerned.

Substituting equation (3.2) and (3.25) in equation

(3.24) and neglecting the second term in the expression of r in

the amplitude factor of equation 13.24). it can be shown that,
dP = - f~:~CN~,'-~hlle(x)e(v)eil'JJt+kr) dA .

? -f k .

= _ r J'S:...I!9.1''l'_vjl!'ll_ -e I x )e (y) e ij ')Jt.+kR-k (xcos "'.+ysinoO sine) dA
. ) r P•.

Thus the net acoustic pressure at .the point (R,e, 0'; due

(m,n)th mode of vibration of the plate is given by

- 32 -

tn.() i

\. '

-'



p
P ck0 W= - ----------

2R7\

o b

J J 8(x)8(y)
o 0

o <1••..••. ~......•....•••••••••••••••••• ( 3 •26 )

pcklJ)W
= - ------------

271R

e-ik(xcoso<+ysin«)sin8 dxdy.
0. b

eil"lt)t+kR))J 8(x)8(y) e -i(ix/2a+sy/2b) dxdy

•

where 1 = 2akcos~sin8

and s = 2bksin~sin8.

Acoustic intensity of a sound wave is defined as the

average rate of flow of energy through a unit area normal to the

direction of wave propagation.

Instantaneous power per unit area is equal to the product of

instantaneous pressure (P) and instantaneous particle velocity

(V). Average power per'unit area measures the acoustic intensity.

Therefore, acoustic intensity,
1 T

I = ~-- J P v dt.
T ,

Now , let us consider a longitudinal compression wave traveling

in the x-direction through an infinitesimal element having

dimensions ,p_o;J"lz. If the center of gravity is displaced in. the

then the boundaries will be
0'/\ d)C) and (w + (j7 .L

+ve x-direction by a distance w,
. ow oxd1splaced by (w - (ff:' -2":: respectively. The

volume therefore decreases by

ow
= - ---- 7)y 7lz -;"x.

))X

•
I

[(w
2

) - (w +
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The volumetric strain is defined as the ratio of the decrease

in volume to the original volume, so we have

ow OX bY OZ ow
strain = ---------- = -----

Ox ox OY C>Z ox

If the increase in pressure which brings about this

strain, or which is associated with it, is P, then by definition

stress P
the bulk modulus of elasticity is E = -------- = ------

strain QW/~x.

or , P = - E - - - - - - •••••••••••••••••••••••• (C I
Ox

We know that c=J~
Therefore, E= pco/ . Substituting this value into equation (Cl, we

..•...•..........•••••.••••••••••••••.. (D)

where W is the amplitude of displacement w,

dw
V =------- = - '» Wsin( wt-kx)

dt

dw

dx
= Wksin(Wt-kx)

If T is the time period,

and kc = W then,

P= - fcW 'JJsin(lJ) t -kx)
T

Therefore, 1= (l/T)\[- pcWsin(u)t-kxl].t-lUWsin(wt-kxl] dt
)

= ( 1/2) ~fcwo/ W2 •••••••••••••••••••••••••••••• ( 3 • 27)

Since P = ,-pcW';)sin! (,)t-kx),

P =Pmax sin(W t-kxl.Pmax = - l'cW 0). Therefore,
[!

The root mean square value of sound pressure is defined as the
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square root of the average of the square of the instantaneous

pressure. In mathematical notation,
T

p~m.s. =(l/T)! p"dt.

= (1/T)! p;:ax ~in'V (LI,H-kx) dt = P;;;:x/2.
o .

Therefore, Prms = Pmax~2
From equation (3.27),

2 Pc
I = P'Vc" w'VfJ:i"

tv- p= (Pmax )12 , c

I pl'V, ,= _:-_Lpc
Where: P:o/is the square of the root mean .square value of the net

I

acoustic pressure.

The total average power radiated from one side of the baffled

plate, found by integrating the farfield acoustic intensity over

the hemispherical surface is.,
21\ Yl I p'OY-

Pw = f -!-d- R'Vsine de dC{...............•............•. (3.28a)
o 0 rG. .

(B) Determination of natural frequency :

Natural frequency is that frequency at which the plate

will continue to vibrate if left undisturbed after being given an

excitement. A number of authors have determined the natural

frequency of the plate wmn corresponding to the transverse mode

of vibration (m,n) in terms of .boundary conditions the nodal
patterns, the dimensions of the plate and the constant of the

plate material. Warburton (1) derived the expression for the

natural frequency from energy equation considering a rectang~lar
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plate of sides of length a and b The vibration form must

satisfy the bO,undary conditions at the edges as well as' the

governing plate equation(54),
Oiw Oiw 04W

'V
(':)'Yw12 f' ( 1 -6 )

---- + 2 ------ + ------- + ----------- -------=0 ...... (3.29)
()Xi Ox "v Oy'l.- Oylj Egh'l.-- ot'V

Here, w, the displacement at a point (x,y) at time t is given

by

......•.......••.•...••. (3.30.)w = WXysinwt = A SIx) S(y)sinwt

Where WXY is the amplitude of the wave form.

S(x) and S(y) are space functions and w is

the natural frequency.

In general , it is not possible to find a form for w to

satisfy equation (3.29) together with the boundary conditions.

For these cases, an infinite series can b~ assumed for WXy , each

term of which satisfies equation (3.29) and some of the boundary

I
I
II,

condi tions. By taking sui table values of the coefficient A, the

remaining conditio~s are satisfied.

,Frequency can also be obtained accurately by

considering energy. For a rectangular plate, the potential eriergy

+
Oy"\.-

'V
(lw26----
~x'V

rV
OwEh"'

-------- [(
12) 1 _6"")

bending U is given (54) by
0, b

U = J J (1/2)
o 0

of

i

~vw
2(1- 6) ( t' J dxdy ; ,(3 •31 )

ox Oy

and the kinetic energy T by
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a.,b
T=JJ(l/2)

00
g

:')w 'V
(-----) dxdyot

••••••••••••••••••• 0"' •••••• ( ~ • 32)

Natural frequency may be obtained from maximum values of

potential and kinetic energy as

'V Umo,Y
WY>1,,,= -(R:~/;;)IT;~~~~~; (3.33)

o "Substituting the expressions for space functions S(x), SlY) into

equation (3.30) and (3.33) for the re~uired boundary condition,

the expression for .natural frequency can be obtained.

Warburton(l) expressed the natural frequency in terms of a

dimensionless frequency factor , given by
'V ~. ~ 4 "'[ JA
f
= G,. + Go (a/b) + 2(a/b) 6HL Hd + ( - 6 )J7-. J1 ••••••••• (3.34)

He obtained the relationship between wmn and;.,'Vas
4 'V f

, 'V 1"",a UJrr."l2 (l - 6 ) .
A f = -,," ~~;::;..;- - - - - - - - - •••••••••••••••••••••••••••••••••.• ( 3 • 35 )

equation

The frequency factor ~fcan be obtained for any ratio a/b. from
I

'IIf

or. f

(3.35) the frequency is given by ,

;'''1 "LJ E h0/g
...;------------
p,."a4 12( 1 _6"')

. I .

= _!~t~~[---~~--_J~~ (~.36)
a'" 48 ~,( l-G~)

r

-~

Where, p,.,,=densityof the plate material •

6 = Poisson's ratio,
E= modulus of elasticity of the plate material,

h = thickness of the plate , and

g= acceleration due to gravity.
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The coefficients Gx' Gy' HX,Hy,Jx and Jy depend on the boundary

condi tions and mode shapes. The values 'of this quanti ties were

given by Warburton(1) in the form of a table. For ready

•
reference, those values are presented here for

conditions under consideraOtion.

the boundary

tI
~•

Table giving values of the parameters Hx' Hy,Gx,Gy,Jx and Jy of

dimensionless frequency factor.

Boundary
condition

m

i
l

Three ends 2,3,4,- m-0.75
clamped and one
end simply-supported

(m-0.75)2X
1

[1- ------ J
~(m-0.75)

(m-0.75)'VX
1

L1 -1'(~=~~;51

Two ends free &
two ends simply- 2,3,4,--
supported.

(n-1 )

\

:1

If

1

Two ends free
and two ends 2
simply supported

3,4,5,---

n

Three ends
clamped and 2
one end simply
supported

3,4,5,

1.506

m-0.5

1.506

n-0.5

1.248

v(m-0.5) X
2

[1- ------ I
(m-O. 5)1'1j

1.248

'V(n-0.5) y.
2

[1- ----- l
(n-0.5)1\

'v(n-1 )

5.017

'V
(m-0.5)X

6
[1+ ----- 1(m-0.5)1\"

1.248

•.•....(n-0.5) X
2

[1- ------ J
(n-0.5)7\"

'V(n-1)

(e) Determination of radiation efficiency

The concept of radiation resistance is useful in calculating
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-
" I ,the radiation (acoustic) efficiency of a source. The efficienbi

i
Iof a source of sound is defined' as the ratio of the energy,
) t,radiated as sound to the whole of the vibrational energy appli~d
I

to the source. Wallace(51) studied theoretically the rad'iati6n

resistance corresponding to the natural modes of a finite

rec~angular panel by considering the total energy radiated to the
farfield. He in his papers (50,51) introduced a new term
radiation efficiency for simplifying the matters and to eliminate

the dependence on the impedence of the acoustic medium and plate

size during. calculation of acoustic radiation from vibrating

.plates. The radiation efficiency is defined by Wallace (50,51) (',as
f

fl" I
S = --------- ...•..•.••...•...•....••..•.••.•.••••••.•• (3.37)

wrY) 4 f cab '_Iu"d''> " "
Here flw is the total average power radiation from one side of

the baffled plate and t, \lJ~JI'''>is the average of the temporal and

Uw =iwmn Wmn 8(x)8Iy)

3.4. Displacement functions

spatial factor of the square of the surface velocity, given by
"'- k

<lu""p.= (1/4ab) J J (1/2) u:,;dxdy ....................••... (3.38)
The expression fo"'r-~~wcan be obtained from equation (3.2) as {"

I

(I
In transverse vibration, points in the plate undergo

small displacements in the direction perpendicular to the plane
of the plate. Warburton(l) found a number of beam functions for

!,
f
I

descri bing the displacement 0 f a vi bra ting beam under di fferent

combinations of end conditions. lIe also used these functions to

represent the vibration of rectangular flat plate by assuming
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that the wave forms of vibrating plates and beams are similar.

The slightly modified beam functions, which are hereby referred

to as displacement functions, for different boundary conditions

are presented here.

(1) Displacement function for the three ends fixed and one end

simply supported plate :

If one of the edges perpendicular to x-direction is fixed and the

others are simply supported,then the corresponding beam function

is

e(x)
x-a

=sin 'r. (----- )+ R)V1sinh i'",(m 4a,

x-a

4a
) for m= 2,3,4, ... and

-a ~ x ~ a. , "

sin
andf'"" are the roots of the equation ,

sinh -(1",/2

tan ( '('/2) - tanh ('r/2) =0

R =mHere,

If both the edges 0 f the plate perpendicular to y-axis are

fixed , the corresponding beams functions are

ely) = COS'(l",(y/2b)+ Rl1coshY'n(y/2b),for n = 2,4,6, .... and

-bc'-Y-Cb

ely) = sin'r~(y/2b) + R:>inhr';(Y/2b),for n = 3,5,7, .•..• and

-b ~ y ~ b

", where, R =
Y)

sin f'", /2

sinh 1'",/2
and are the roots of the equation

.~ tan ('(l/2 ) + tanh (P /2 )=0,

sin Y'~/2= - -------
sinhf,,'/2

and are the roots of the equation
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tan ('(1/2) -' tanh ()'1 /2) =0 .

(2) Displacement function WXyfor the two opposite ends free

I and other two ends simply supported plate

If the two opposing edges perpendicular to x-direction are

free, the corresponding beam functions are given by Warburton 'as

e(x) = cos ('('",x/2a)

e(~) = sin (,~x/2a)

+R coshrr_x/2a), m=2.4.6, •••• and -a ~ xf: a.
;'0"'\ • -.

+ R'sinh('(l,'x/2a). m=3,5.7 ••••• and -a£x,Sa
'fn M

where. R = -,.,
sin (11,,,/2)

----------- and
sinh( 1'•••./2)

are the roots of the equation.

tan <.. 0" /2) +tanh( '(' /2) =0.

R':"= sin('f'':'/2) /sinh( Y'~/2) and

tan ( "('/2) - tanh ( "/2) =0 .

are the roots of the equation

('~
~ L,

" ..

!
If' both the edges of the plate perpendicular to y-axis are

simply supported ,the corresponding beam function is

,
~)

(n-1) 7\(y+b)
ely) = sin ------------ n=2.3.4, •.••.

2b
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CHAPTER 4

SOLUTION OF THE PROBLEM

4.1. INTRODUCTION
Analytical solutions for the total average power radiation from

one side of the baffled plate are obtained here for various

boundary condi tions. The express ions for radiation efficiencies

for both the free-simply supported and clamped simply supported

plates are also derived and presented in this chapter In the

subsequent sec~ions, the method of integration of the expression

for acoustic power and radiation efficiency for various boundary

conditions are treated.
4.2. Plate with two opposing ends free and the other two ends

simply supported

(a) Power radiation
From equation (3.26) the acoustic pressure distribution at

a point in the farfieldis given by
o~10

P = _=~J_=~~_ei(L)t+kR) lJ S(x)s(y)e-Ulx/2a+sY/2b) dxdy
271R _c>.-Io

The displacement functions SIx) and S(y) for this plate with free

edges perpendicular to x-axis and the

perpendicular to y-axis are :

simply supported edges

SIx) = cos(Y\,..x/2a)+RMcosh(Y'~x/2a) for m=2,4,6, and -a~x~a,

SIX) =sin(1"~x/2a) +R'sinh('(>~x/2a) for m=3,5,7, and -a~x~a.
'"

Where, R =
"

sin( '('~/2) /sinh( '('",/2)and

- 43,-
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equation, tan( YJ/2) +tanh( )"/2) =0,

R' = sin('(',,!/2)/sinh(Y':/2)and
'"

tan ( "r /2 )-tanh ( "(.1/2) =°.
(n-l) lI-(y+bJ

are the roots of the equation,

SlY) = sin ------------ ,n=2,3,4,
2b

and -b f:: y ~-b.

As the displacement functions are depend'ent on the odd-even

character of m ,it is now required to consider the even and odd
values of m separately.

Case - 1 Even values of m .

Substituting the appropriate displacement functions SIx) and

Sly), the acoustic pressure distribution P
o b

-~ck 0) W r-ji '») t+k ~p = ---------- e (, 1<)(;1 cos (1'',..,x/2a)
21'R -.-b, 1r (n-1) 71 (y+b) ,

e-11x/2adx x Lsin ----------- e-1SY/2bdyJ
2b

Integration of equation (4.1) gives,

becomes,

+RlI-1cosh(Y',., x/ 2a ~ X

• -. • • • • • • • • • • . .;• • ( 4 • 1 )

used when n is an odd integer.

p = g_f~~~~.0~~_ei r I)) t+kR) f ~ ~~~~~~!~~~~~~~~~~~=_
7\'I---(n-l) -L. ('('.:-1 ),

~~~~~~:~~~~~~~~~~~J'\+RJ ~r:--:~~~~~~,~~ ~~~~~~ ~~ ~~~ ~~~~~::~~~~~~~~~~~jl1
l ('(;"'+1),

X r- - ~~~~~~~~~~o~~ ~ ~ ~ ~ ~ ~] •••••••••••••••••••••••••••••••••••• ( 4 • 2 )1s~/~'V(n-l)j -1 '

Where cos(s/2) is used when n is even integer and is1n(s/2) 1s

The farfield acoustic intensity is given by
'Y

I = I pi / P c

Substituting P from equation (4.2) , it is "found that,
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I = --------------
4'V .0/71 R (n-I)

[
Y'Y!'sin( Y'",/2)eos( 1/2 )-leos( r'",/2)sin(1/2) .
-----------~~~~=t:)---------------------+

cos «)
RyV\ ~ . '\ .....r sin~~ J'I---

--------)'r sinh ('('./2) cos (1/2) +leash l'f•../2) sin (1/25Jy ----------'----
"/0/ I'" . 'V "'](1'",+1 ) .. ts'VllI In-I) '-1

• • • • • • • • • • • • '. • • • • • • • • • • • • • ( 4 • 3 )

where. 1= 2akeosO'( sine =(2a lJ.)eos '" sine) Ie

Rt /-f 712 [Eg
= --~-N-~:-~~~-62)-cos C'\sine and

s= 2bksinO\sine = (2b \J.)sinC",sine) Ie

2 e-
Ra Rt f f 7\ \j Eg= sin CIf sinS .

e .[:f'P~.(i.::62-)

~ 0/ <V ~r.., a', ,,-;12 (1- (, ) rv Eh g ;, f 7'i= So, OJ =------------------------~Ij~-~~,..------------ . a4 1211- 6"') PW1

Where,):;= G~+(a/b)4 G~ + 2(a/btT~H~ H'I+( 1- 6' )J•..J,}
The total average power radiated from one side of the baffled

.'~,
plate is then given by

2.)71 11
r

1... \ P \ 'V 2 . 7..(T r'l..-- 2
Pw = . ------ R S1ne dedI?<= J IR sine dede><•

) f e -
00. .,.0°',,/ 1./'411-

or, P
w
~~~f~~:~~:-~:-b

2
( ( ~~':2~~~~~~~~~~~~~~~~=~~~~~~~~~~~~~~~~)+

r{1 ( n_1 ) 2 \ ) ( f.' _12 )
00 "- cos I.r::..Rm 5 "'[ sin 0) ]V

-------LY' sinh(t~/2 )eos( 1/2 )+leoshI11/2 )Sin(l/2)l] ----------)--- Xrv 2 )'vi ),. ~ """ rv 'V( '('.",+1 ). ts I" In-1) -1

s in8d8d V"\. • •••• I ••••••••••••••• ~!~"(Z)
.\ !
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!
, ~~n~

8 PW
2
i';Eg

2 ~ R~71~ (( 'f,,"sin(f;'''/2Icos(l/2)-lcos(~/2)sin(1/2)
= -------~--------~--- ----------------------------------~-9 c~'V(n-1)2 (1- dV

)2 ~~. (1"",":12)

cos lS)
'V '- ] 'l.---R yl' (l " S 1n '1. .

+---:;..----,;)1'"sinh (t,../ 2)cos (1/2) +lcos (yJ,../2)sin( 1/2~] l-----------..-- '"
("",,+10/) L ts''-j l\'V(n_1 U-1

s ineded 0(. ."0 ••••••••••••••••••• ( 4 .4)

It is clear from equation (4.4) that the total aVerage power

radiated from one side of the plate does not depend on the
distance , R' of the receiving point from the center of the
plate. Only the acoustic intensity varies inversely as the square
of R as seen in equation (4.3).

(b) Radiation efficiency:

To compare the result of this study with those by the previous
workers(51,53,54) the expression for the radiation efficiency
is derived here. The radiation efficiency of a

is defined by the equation (3.37) as

P~.ls = ----- _

vibrating plate

From equation (Z),
rl,.. ti,- .

.128 f ck\;/W"",1" b'./ r ~( r Yrosin(Y',../2)cos (1/2) -lcos (r~/2)sin (1/2)
P. = ------------- ! . L----~-----------------~---- +
I,l /I[, (n-1)'/ ;, o' (r-;,:.::{v)

cos t!"~

R\-"I1n ~ 'V[ sin Li) J'V----;;;-~-;i'("sinh (r,..1 2)cos (1I 2)+1cosh (Y',..I 2)sin (1/2 il] -----,;::.----'1- )(
( 1'",+ 1 ), ./ 1 s"v / 71 (n -1) ~1

sin8d8dOl •

Letting r 'Itsin ('(,J 2)cos (1/2 )-1cos ('f;c /2 )sin (1I 2)L----------------------------- _
(1'';:_1'/) ,
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'. c'

, ,

,,
" cos / S )

(, '\..- sin-l.-"""1.. 0/
S Y'", sinh (Y',./2)cos ( 1/2) +lcosh (/1.-/2) sin (1/2iJ t----:...-----.J'i--;] = A1,
'l .' ') is'v /,r{~(n-l)r_1

becomesthe expression of total average acoustic power

128 p ck'(j';~'/a'v b'v T'l'"f,7'V'
----'--r, -----;::---- (( At sine de d 0\ •

i\ (n-l) ,J. 0"
The average of the temporal and spatial factor of the square of

p =W

the surface velocity, , is given by
Q.. b

l.\UI-l1""> =(l/4ab) 1 J (Uhj'V/21 dxdy .••..••••••••••••••••••••••• (4.5)
_0.-10

But Uw = ilJ.)W e(x)e(y)

n 'J= i wW \ cost Y,.x/2a) +R,.cosh( '1"x/2a)L "I'?

,
-< sin
L

(n-1) i' ( y+ b)}------------- .

2b
Substituting in equation (4.4) and carrying out the integration,

'v,; .
(;)W/

8

sin'rr,.-,
-'----)+

"fl.y.r.. cost ~~/2)sinh( ~/2)+

,;. sinh "(\'" 1
+R, (1+ ---------). •... "(l,..,...

. . (\

sin( '''M/2)cosh( '(',.,/2»)

" r"
lJ) W

= -------~ B,
8

Where B1 = 1+sin'f' ••/'r-••+(4R""/'i'",,lt cos(Y1,J2)sinh('Y'M/2)+

. ~ •.......... (4.6)

t\ sin~'('",
,'sin('(1~/2)cosh( "0:-/2') +R':;:-(1+ ---7';:';---)'

Substituting L\Uvl\~ in the expression of radiation

256 kVab ","1\11-

S = --[-1-----,,:;-'-) \ A, sine de de<,.
" (n-l) B,oo .

efficiency,

The plate wave number

kJ" =[1(m-l) '" /2a) 'V+

, kp is

o
~(n-1)7<
c

now defined as

,'V] 1'L-/2bj ,and the wave number ratio
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2 './ 'l..--'t' =k/'); Thus k= 'f' kp or k = 'f' k p

Substi tuting K'Vin equation (4 ,,6). the expression for the

A sinS dS d 0(
I

radiation efficiency is obtained as
'V' <V" 'V f) '- I\)

64 '\' Qm-l )Ra_+( n-l )/R,,] ( 1'1.-S = ---~-- ~ j
71 (n-l) B1 a 0

........ •...(4•7)

Making the same substitution, the expression for' 1 and s become
I,e 'V ~ 'Vo~l /1.-1 = (m-1) +I.-(n-l) IRo_."'rcoso(sins and

"'/ •..•'" ,...•...•.If'L..-
s =[Ra (m-l) +(n-1) J7I'tsin9 sin

Case 2 : . Odd values of m .

(a) Power radiation

For this case,the expression for the farfield pressure bec9mes,
o. 10

- rck ,,) W J ( 0
P = ------- ei( I,") t+kRI ~ \\sin( 'r,:x/2a) +R~ sinh (nix/2a) >(

27\R -",-15

Integrating this expression. we get,

,
-cos(1/2 f
-------"j +

• I:_l~~~~~:~~~~:~~~~~~=~~:~~:~~~
('(':"''V_l )

I ,

R'I' 1 (l 1 . , . • BJ
---:;:---1

1
Isinh("Y'./2 )cos( 1/2 )-Y'",cosh(r~/2 )sin(1/2) J(

('f'': +1'V)_

cos(s/2)

r ------:~:~~~~~~-JL 1"/ •••••. ,LS 1"(n-l)~(-1

where cos(s/2) is used when n is an even integer and isin{s/2) is

used when n is an odd integer.
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Proceeding the same way as in the case of even values

of m , the total average power radiated from one side of free-

simply supported plate vibrating with odd values of m and even or

odd values of n comes out to be

sined8do< (4. 7a. )

Where 1 and s are the same as in case 1.

(b) Rad~ation Efficiency;

The expression for total average power radiation from the

plate is,
r-/ t".;' "/ "1"........ ! I

128 f ck'VI,)W a'"b r~r.r~cosIt~/2 )sin (1/2 )-1sin ('t'...; 2 )cos (1/2 )1
p = ----,------;.-/--- J )1i.------------------;-;::-,;::-----w-------j +

T~(n-1) 0" (Y'",,-l)

, COSe)
R' ) -~:~~~~~.~:~~~:~~~:~=-~~:~~~.~:~:~~~~~:jJ;'~-----:~~--~J--J~'

m L ~,; r.... .J Iv'"
, (Y'~ +1 ) ~s'V /~ (n-1) -1

sinS de d'< .

The average of the temporal and' spatial factor of the square of

the surface velocity is given by
o b

L\ UI/\\'~= (1/4ab l[ r ( u.,;'/ 2) dxdy .......•....................•... (M)
-0 .' ~

where ,uw = iww.e(x)e(y)

= i Wwlsin('~:x/2a)+R sinh(\<x/2a)],
~,

[sin
In-Ill' (Y+b)]-------------

2b
Substituting the value of Uw in equation (M) and integrating
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N 'r-~-~--r-
8

(1-
. , ". h (~ I )S1n'('. '" S1n '-~y-_

----:)+d .------- -
Y',} ,. Y•.' 1 + I(sin (1'•./2)

, , c

JCOSh(t"/2)-cOS(l''':/2)sinhIYlj2r =
(/ "/

'J) W

8

where
sin,!,.I~

------)
Y',;

./sinh ('(,.')
+R' . -------- -

;-1"' .!. "r .,:

(.

1( +
/

4R I ",. ,
--'"iT jsin( (»-/2)

~.

cosh(r;/2)-cos (Y':/2 )sinhli,!l2j J
Sub stit uti ng Pwan d 1\'J.,. Ji'~in toe qua tion I3 .3 7 ), the rad ia tion
efficiency of the plate is obtained as ,

256 k"';,b r:~ 1:7,,-

S = -------.;:;---J ) A'Lsine de d"( .
''''0 ')I;l.t(n-1) B1.. ~ 0

where A2 = Ll~:{,~~~~:~~~~-~~~~:~~~-=:-~~~~~:'~~~_~~~~:~~~_~.+
('1,. -12) J

R I S -=-~~~~~~:'~~~-~~~~:~:~-=--~~~~~~:~~~_~~~~:~~~~J ~
In [, ( 1'':' +l 2 ) j

From this equation, the radiation efficiency may be evaluated by
numerical integration after the
case 1.

substitution for 1 and s as in

4.3. Three ends clamped and one end simply supported plate:
rThe ~coustic pressure distribution , given by equation \

(3.26) , has to be analytically integrated for a clamped simply
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supported plate in order to get the total average power radiation

from one side of the plate • Radiation efficiency of this plate

is also required to be calculated to compare it' with the

previous works (51,53,54).

The displacement functions satisfying the conditions

at the edges of the plate in this case are ;

x-a
e(x) = sin'~~(----

4a
x-a

)+R.sinhf.( ----),
I'/,< 4a for m=2,3,4, ••• and -a.( x~ a

where R'fO=-sin('f.,/2 )/sinh( 'Y'.,,/2) and 1'.0 are the roots of, the

equat,i on, tan ( 'I' /2 )- tanh ( 'r /2) =0 .

ely) = coslt'ny/2b)+R..~cosh('('",y/2b), for n=2,4,6, •••.•• , -bfY~ b

elY) = sin('r;y/2b'+R~,sinhlyl"'/2b', f';'r n=3,5,7, •.•.•.• -b~yLb

where R'\')=sin( '('",/2)/sinh('Y), /21 and T~are the roots of the equation

tan ( 'r /2) +tanh (Y' /2) =0 ,

R~'= -sinCf' .•,'/2'/sinhl '(':/2) and Y'~are the roots of the equation

tan (f /2 )- tanh ( 'r /2 I =0•

It is observed here that the displacement of this plate is

dependent on the odd-even nature of the mode order,n.

Case 1 . Even values of n

(a) Power Radiation:

From equation (3.26), the net acoustic pressure P at the point

(R,e, C'() due to (m,nlth mode of vibration of the plate is given
by

P =
~ ~,- pck(.<) W .• -

i(0)t+kR)!1------------e \ \e(xlely)
:27\R '~~b

e-i(lx/2a+sy/2b)dXdy.

Where 1= 2akcos C\ sine
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and s= 2bksin,,< sine.

Substi tuting the appropriate displacement function for the

vibrating plate with even values of m and both odd-even values

of n,
? b

- f ck 1/) W I r x-a x-a
p = --------- ei (lJ) t+kR) J L~inY'",,(-----) +R"'osihh'1"",(----) J->:

2 7\ R - D - b 4a 4a

[cos ( .~~y/ 2b) +R",cosh (Y\,/ 2b0 e - i (lx/2a+sy /2b) dxdy.

Integrating the above expression of pressure distribution ,

- P ck iN W
P = -------

2i"R

(

COS(1/2)-21Sin(~/2)Sin(1/2)j
RI-" 3

+ ----- ~"'",cos (1/2) - '('",cosh (
(41"'+"1":) ..

r~2)cos(1/2) -21 Sinh(~/2)Sin(1/2~ + --~-- L 21
(~l~,('"",,,)

sin(~2)cos(1/2)-

Y'l"cos(y••./2)sin(1/2) - 'rrnSin(1/20
i R"", ~ .

+ ---,,;-- ~2l sinh('Y1,,/2)cos(l/2)-
\41n'l.;')L .

Ph/2)Sints/2Ij

. Y..,sin(1/2)- "r",coShrf'''/2)Sin(l/2.()} J L__~ t Y'"sin(\"12)cos(s/2)-scos
j .l \'l'~s")

+ ;-~)--~ '/''1 sinh Cil-/ 2) cos (s/ 2)+scosh (l'~/2) sin (s/ 2 )~]
~+s"" ( ]

='-fCkU)Wd6abi(l.lt+kRI[ . U ( )----~------e. A~+1A4 AS' 4.82~R . .

i Where, A3=
1 (

---- ~'r~cos (1/2) - ("""cos
(41"'" -'Y"" ., ~)
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'\ R "'" ,sin (1 I 2) ( + -- -;:;,- - fr....c 0 s (1 I 2 )- "Y',", cos h ("I'\"'I2 )cos (1 I 2 )- 21 sin h
...J (~1+1'>;')

('f'.j 2 ) s in ( 1 I 2j,
A =---=--~) 21Sin(Y\.I2)coS(112)-Y'"cos(Y1.1~)Siri(112)-"",sin(112)1+

£j C41~Y'~'- ~

R~ ~ . 0------ 21 sinh(~ •./2)cos(1/2l-Y'",sin(l/2) -'Y'",cosh(Yl./2)sin(112)
~1~Y'~ . ,

A = - -;;=.:;.)')"I'1Sin (y\'1 2)cos (sl 2)-scos (['ni 2)sin (sl2 )~+
s \1'.- s ) 2 . .J

. R'Y) r

-(-----\~Binh(~/2)COS(s/2) +SCOSh{f'N2)Sin(s/2] .•~I'/ lV)l 1"\-
.+s/

The farfield acoustic intensity is given by
""I = \ pI If c

If we substitute P from equation (4.8), we have
fl" c'Vk'Vu)W'V256a""b'V

I = ----;;-;:.---------l A~+A4'lA ~ .
8~R _

Total average power radiated from one side of the baffled plate
is now given by

'IT F) ••.••

~,,=J J (\pl"" If c lRr"'-sinededO\
o 1')1l'\..-(}'L-

= 4 J \ IR'V sineded~
{} c~ <t9

Therefore, acoustic power radiation for both odd-even values of m
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-v
LV =

R«-R -t I{ JEg 1\'\/
S = ----'::=-'":".-:::c.--;,--sin~ sine.

C /3 .[).)1- ( )

(b) Radiation Efficiency

The radiation efficiency of a vibrating plate is defined by the
equation (3.37) as

S"'n = -----------
4 fcab L \ uwl'\->

where the expression of total acoustic power without
substituting the value of k • is

'/

128 fck""V) W"" a'/~';~n,-

~

{' rv ...,.....1'~ dp = --------------- A +AA sine de. c<.
. 7\ 'V C:, 'u 5

• ,.... "/ ",/ t> 0Lettlng (A~+A4)A5= A~
r,l' r/ 1'/ (-" r/

128 f ck I») W a ,b,,/'l-o
Pw = -----"7<1/-------- r:7 JA~sine de do< •

, 0

The average of the temporal and spatial factor of the square of

the surface v~locity .l!Uw~. is given by
. ~ I '

l\UW\;= (1/4ab) ( rOt 02 ldx dy.
--:0-, -to

But uw= i~W e(x)e(y)

x-a x-a [
= il»)W['sin 1'\,,(-----) +R""sinhAI----)J." cos("ny/2b)+

4a 4a

'/

Therefore. ;\ULo1\,=

,
tVrvt')C

wW r r x-a x-a
------ \Isin ,,..(----) +R",sinhV'J----
2 a b . '-. 4a 4a

-? - b

'V

)J. LCOS()'nY/2b)

<V
'1+R""cosh(v,y/2bl:dx dy.
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Carrying out the integration, we get,
rf ~ .

!>J W _ 4R,,, " .
----[( 1- sin.I\-/." •.•.)+----isinW2)cosh(1\.y'2)-cos( n./2)

8' "Y'",i sinh

cos(~/2)sinh(~/2)

+sin('f,,/2)
8

sinh("('~/2)+ sin(Y'J2)

S =
~J'

Where,
4RY1 1 )1

B3> = [( 1- sinl""./l'.l + -":r-".,--~ sin p•./2) cosh( 7112) - cos(1".,j2)sinh(l'1,/2j
",' sinh ('('fA) \] I, 4R'h ~ .

+R",~---~:- -~ ,t1+ sinr,/i'ol+ --Y;n--L cosl"o/2)

1 ",Q sinh ('Y'") 1J .
COSh(r,/22]+ R.•.•I'l1+ ----y,~----J .

",
Substituting L\uw\>in the expression of radiation efficiency,

256 k'Vab 1\)':- tII'l.-

S = --i.;::-------~ ) A.f, sine de do( •.• ,..••••.••.•••••••••••••• (p)
B:, o. 0

Now , the plate wave number
'\ v ). 1"J\l1-

Kp=[1(m-1)1I/2af + l.(n-l)7'/2~ and the wave number ratio

'f =k/k P
Therefore, K'"= 't''''K!''''.

Substituting the values of k"'in equation (P) , we have

64 'lOm-l)rV%:t' (n-d>,R,']
--------------------j \'At.,sine de dO(.

B? ".".J

Case 2 : Odd values o.r n

(a) Power Radiation :
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For this case of even-odd values of m and odd values of n ,

the expression for the farfield acoustic pressure distribution

after substituting the'displacement functions, becomes,
. n •

-f'ck IN W, r - , x-a x-a
p = ------- e1 (I,) t+kR) J J r "-in r,C< ----I +R",sinh1',J ----)J )<

27\R~-~~ 4a - - 4a

[~in(r;Y/2b) +R~ sinh( 'r~Y/2b)J e-ilx/2a e-isy/2b dx dy.

Where land s are the same as in case 1 for even values of nand

odd-even values of m ,

Integrating the above expression, we get,

-fCk LiJW '( W t+kR)[ 1 C,
p = -------- 16ab e1 -----[llcos(1/2)-71cosOU2)

2 J\ R ~ l~ 1'.;) _ 4\

.- Rn-, ~
cos ( 1/2 ) - 21 s i,n (l~,/ 2 ) sin ( 1/2 »). + - - - - - - /Y: cos ( 1/2 ) - ')1 cos h..J l41'\1+ Y'",j L.... loi

rfl./2 )cos (1/2) -21sinh(Y;j2)sin( 1/2..0
i ,

+ ----- ( 21sin(Y',..j2)cos(1/2)
(41'Y -1'1"')

-'(j"cos (1~/2)
", iRV}1 5

sin( 1/2)- r',.,.,sin(1/2) r +~------ l21sinh( Yj.,,/2)
-/ (,41'V +l"';-

cos(1/2) -1;',sin(1/2) -Y",cosh(l;"t2) "],[-,, .-
sin(1/2)/ ,t ::-;;It;cos(Y'./2)sin(s/2)-o t"~-SY)

R'-n ( ,.
-------) ssinh(I\,/2)cos(s/2)

lY';v+s1 !
sin( S/2>} ]

Following the same procedure as i'n case 1

acoustic power radiation becomes,

, the final form of

+ A''2].4 sine de d "I •
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-21 sinh("",/2)

Where, A'1=

)1,... cosh(y:'/2) cost 1/2)

-21 sin (~j2)

sine 1I2)}J

1
A = ----- ~21sin(r.l2) cos(1/2) -"\cos(~J2) sin(1/2) _ sin(1/2)(i. l? '41 '/- I",:}

sinh(11,j2) cos (1/2)-'f'sin(1/2) -)?coshO'l../2)
"'" ",', sine l/~l

sin(s/2) -s Sin(Y'"'/2)COS(S/2~ +and

, , /
sinhlt.;,/2) cos(s/2) -Y'"cosh(i',,/2) sin( S/2].

Above equation gives the total average power radiated from one

side of the baffled plate with three ends fixed and the other one

simply supported, vibrating in its (m,n)th mode with even -odd

values of m and odd values of n.

(b) Radiation Efficiency

Radiation efficiency of a vibrating plate is given by the

equation (3.37),

s =
hln

pv)
------------ .•...............•......•••.......•.•..•..••• (S)
4pcab q uwt>

'Y J A::' d d'"+AS . '1S1ne e -,.

Where, Pw ' the total average power radiated from one side of

the plate in terms of plate parameter, is

128 Pck"'fJ)W"-a"b"Y11••..tq'l-
P = -------;;;------0 ff';

~ 0
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Substituting Ali)=LA'7 +A';J~', we have,
../ ',' 1'.-",. '"\.--' .,;

128 rck '...lW a "b "!',,'1.- ,
P = ---.:-----~-----( JA sinS de d,,< ................•.......... (Q)To 'V" .' 10

o 0

Now , as in the previous cases, the average of the temporal and
spatial factor of the square of the surface velocit~,? ~

'hJI~= (1/4ab)f .( ( u;(/2) dx dy •••••••••••••••••••••••••••• (R)
. -" .. b

Where Uw =iwW e(x)e(y)

X-a
= i';JWr sin 'f",,( ----)

- 4a
. x-a ~

+R sinh '1~(----) [sin~ ~ .4a

in equation (R) and carrying ~ut the integration,Substituting Uw
'/ 1'/

'Y '.e, W r,,\uW\>= --~- L( 1- sin'!;./r•...) 4R I,. ,
+ -----) sin(l;:'/2)cosh (1"';2)- cos(i'••./2)I' '.,.,C

1
Sinh(r••/2j +

'sinhY';, ) WI
R . ----- -

>r L r •....
I

4Rn (' I

+ ----L)sin(Yl/2)r,' ..»
cosh(

sinh(11/2)r+
...; jJ

,," •..~
()) W= B -----

'1 8

B
4

= [( 1-
sin'r",.
------)

Y',..,
4R 1'" •
+-----..'sin (r~./2) cosh (li./2)-cos (rhl2),1 I'm _. sinh

sin Y\,' \- -----+
Y"/1' J

I

4R" ~ ,
-----/sin(~/2)cosh(~~2)YJ'L .>,

-cos
\ .

. I "(42) sinh ('(',,/2j +

Substituting pw
( S ) , the radiation

e~ficiency is found to be ,
. , '" L f"256 k'Vab " "<'-

S = -~;;;..-;~----J) A10sine de d c>( •
'I 0 0
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Now " substi tuting k = -y k F
. . '" . '" ]Y,!-where kp =[t(m-1l7l:/2~+~(n-1)"'/2b} ,the

is obtained as
'V" <V <V J/

64 'r [lm-1) R,,_+ (n-1 )/R"J 11.')\-S = ------------B----------- JJA,:ine
l>''l. ~ 00

de d ~ •

radiation efficiency".
~\./', ,:

~ .! I

I"

This is the expression of radiation efficiency of the baffled

plate with three ends fixed and one end simply supported.

vibrating in its (m,n)th mode with odd values of n and even-odd
values of m.

4.4. Numerical Solution

The numerical method is a modern tool to solve any linear or

nonlinear equations successfully which are otherwise very

difficult. The analytical solutions of the equations for

calculating the total average power radiation could not be

obtained. The numerical method of solution has thus been

developed to solve equation (3.26) with the help of a computer.

The equations tan(fh) ~ tanh(~/~)=O are solved by the method of

bisection and the integrations of equation (3.26) are performed

by applying Simpson's Rule. The results of integration are

presented in tabular as well as in graphical forms.
The Method of Bisection

The method of bisection is very efficient but simple. It may be

used to solve the roots of continuous non-linear as well as

complicated linear equations. The greatest virtue of the

bisection method is that it is virtually assured to converge to a.

- 59 -,



root. In this method, the equation to. be solved is expressed in

the form, fIx) =0. Then an approximate ~oot is determined eitper

by observation or by graphical method. The values of the function

fIx) are then determined for successive regular intervals. If Xo
is the approximate value of a root of the equation, f(x) =0

then, are determined, where h

is the successive increment of x If the product of any two

consecutive values of the function becomes negative, .it can be

concluded that at least one root of the equation lies in that

interval h of x.

Then a better approximate value of the root is obtained

as the average (arithmetic mean) of these two successive values

of x. By taking smaller value of h, the accuracy of the result

can be increased to any degree. Also the process stated above can

be repeated until desired accuracy is obtained.

The Simpson's Formula:

We now turn to one of the most widely known and used

techniques in numerical integration-the Simpson's Rule It is

,\.,

"

similar to the trapezoidal rule in dividing the total interval

into many smaller intervals and approximating the area under them

but different in that a parabola is passed through the three

ordinates of two adjoining intervals. We would expect that

whereas the trapezoidal rule is exact for first degree

polynomials, Simpson's rule would be exact for second degree or

lower; actually, it turns out somewhat surprisingly to beex'~t
,
!
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for third-degree or lower. It is therefore a rather accurate

method for the effort required an':! the formula is not
significantly more complex than that for the trapezoidal rule.
These characteristics account for the wide usage of the method.

It is a multi segment formula The accuracy of the
results obtained is principally determined by the number of
segments taken in the calculation • The formula is obtained by
summing the areas under the parabolic arcs. If the range (b-al of. b
the integration ,I = J f(x)dx, is divided into n even equal

0-
divisions, so. that h = (b-a)/n, then by Simpson's formula, the
result of integration is given by

I=(h/3) [f(al+4f(a+hl+2f(a+2h)+ ----------+4f(a+(n-llhl+f(blD

In the present solution, the range, 0 to~/2 ,
was divided into 36 equal intervals for applying the Simpson's
formula The number 36 was taken because of the fact that the

!
!

accuracy of the resul t wi th further increase in. the number of

divisions increases only slightly. but the computer time

required increases proportionately . The number of divisions may

be further increased or the method of Romberg integration can be

used ~or improving the accuracy of the results if highly accurate

result is desired . The detail procedures of evaluating different
quantities are shown in Appendix-C.

';
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CHAPTER-5

Reliability and limitations of the method

5.1. Reliability of the method of solution:

The reliability and validity of any new technique

should be veri fied prior to its acceptance as a genuine tool.

This is achieved usually by comparing the results of the new

method with the results that are already available in the

Iiterature. This approach generally helps to ascertain that no

error due to logic is committed in formulating the problem and no

mistake is made in the computer programming. Keeping these
objectives in mind a number of standard problems are solved
with the present method of solution and the results are compared

with those of others, dbtained analytically or b~ some other

technique. On the b.sis of this comparison, the reliability and

validity of the present method are verified.

Wallace(51) and a number of other authors(53,54) studied

the acoustics of a rectangular panel of uniform thickness ... For

defining. the deformation modes of rectangular. panels, the beam

functions developed by Warburton(l), were used by these authors.

The radiation resistance and radiation efficiency corresponding

to the natural modes of finite rectangular panels were

theoretically determined. from the total energy radiated to the
farfield. Wallace( 51) studied the case of a simply supported

plate in an infinite baffle. Asymptotic solutions for l.ow

frequency region were derived and curves covering the entire
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frequency range for various mode shapes and aspect ~atios were
obtained through numerical integration.

Wallace(50) also found the radiation resistance
from the far-field pressure distribution produced by a baffled
beam, vibrating with simple harmonic motion in one of its natural

modes.He considered beams hinged at both ends and clamped at both

ends. He derived expressions for the radiation resistance which

are asymptotic to the exact solution as the frequency approaches

zero. In addition, numerical integration of the far-field

acoustic intensity was used to obtain graphs covering the entire

frequency range for the first ten modes of the beam. Through

these investigations Wallace established that the nature of

radiation efficiency of beams is similar and independent of end~

fixity. This fact provides an opportunity for comparison of the

results of the present analysis with those of Wallace and others
towards proving its credibility and soundness.

Ahmed(53) also found the radiation efficiency of vibrating

plates with all edges simply supported wi~h a different
formulation.Mandal(54) found the radiation efficiency of
rectangular plates "i th two opposing ends fixed and other two

ends free. When compared, it is observed that the graphs of
Wallace (51I,Ahmed(53) and Mandal(541, presented in Fig.54.55,56,

respectively, are identical to the radiation efficiency graphs of

the present study ,presented in Fig.I8 to 21,and34 to 37

Earlier Ahmed(5.3) and Mandal(54) observed that although the

graphs of radiation efficiency of a rectangular plate at
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different combination of mode orders and of different end-fixity

but of the same mode nrder differ from one another at the lower

range of mode orders, they reach the same maximum value and the

same asymptotic value at increas ing wave number ratios. This is

verified here by comparing the present results(Fig.18 to 21 and

34 to 37) with those of AhmedIFig.55), Wallace(Fig.54) and
Mandal(Fig.561. Moreover, the power radiations from different

plates of the present analysis are compared with those obtained

by Ahmed(53) and Mandal(54) over the identical range of mode

orders. As expected,the graphs differ from one another, but they

maintain similar nature (Figs.46 and47). The above verification

proves that the method of solution employed here is accurate and

no error is committed either in formulating the problem or in the
computer programming.

5.2. Validity of the beam functions:

Warburton (I) developed a number of beam

functions to satisfy the compatibility conditions at the ends of

a vibrating beam as_imposed by physical restrains. The functions

were designed to represent accurately the wave form of a beam

vibrating in its natural modes. Warburton's beam functions were

used by Wallace(50) in the analysis of acoustics of beams with

hinged and clamped ends. The results of the investigations by

Wallace proved to be satisfactory as the expressions for the

radiation resistance asymptotically approached the exact solution

as frequency decreased. Wallace also applied Warburton's beam
nfunctions to define the mode of vibration of a vibrating pl~te.
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He derived the expression for the radiation resistance of a

simply supported plate in an infinite baffle vibrating in its

natural modes. The expression for the radiation resistance was
asymptotic to the exact solution at low frequency.

In the present analysis Warburton's beam
functions have "been used to represent the motion of points on the

surfaces of vibrating plates. The functions are combined to meet

the requirements of the different boundary conditions of

vibrating plates like two opposite ends free while the other two

ends simply supported and one end simply supported while the

other three ends fixed.The exact representations of these beam

functions, as used in the present analysis, are shown in figures

2,3.4 and 5. It is observed from these figures that the beam mode

shapes can satisfactorily represent the mode shapes of a

vibrating plate under different boundary conditions considered
here.

The above discussions prove that the beam

functions developed by Warburton are sufficiently valid and tha~

these functions can be applied to the vibrating plate with
different pure or mixed boundary conditions.

Limitations of the method:

There are a number of factors involved in the
analysis of any engineering problem. It is very difficult to

solve these problems considering the influence of all the factors

simultaneously.Thus the end results of the solution of any

complex engineering problem are always obtained under certain
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hence this analysis is also limited by

J simplifying assumptions and approximations. The limitations

imposed on ihe results must be stated clearly and should be

justified.

The present analysis of the acoustics of vibrating

rectangular plates with free-simply supported and clamped-simply

supported edge conditions have the following limitations:

1. The method of finding the fundamental frequency of the

vibrating plates includes certain approximations as stated in

Ref. (1) and thus the present analysis is limited by those

approxima.tions.

2. The governing equation used in finding the fundamental

frequency of tI,e plates are based on certain assump~ions as

stated in Hef.ll) and

those assumptions.

3. The displacement functions used in defining the deformation

modes of the vibrating plates satisfy the governing equation only

approximately (1). Thus the actual deformation modes of the

vibrating plates may differ from what have been used in this

analysis.

4. The expressions for acoustic power radiation used in this

analysis include certain assumptions as stated in Hef. (59,66)

and hence this analysis is limited by those assumptions.

But the nature of approximations and

assumptions included in this analysis had been tested in

different contexts by di fferent authors and Was found to be of

not much significance. The errors involved are within reasonable

- 66 -



range and thus it can be concluded that the end results of this

analysis are good enough for engineering uses.
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CHAPTEH 6

.HESULTS AND DISCUSSIONS

6.1. Hesults and discussions:

The total average power radiation from one .side of a

rectangular flat' plate vibrating in its natural modes is found

under clamped-simply supported and free- simply supported edge

conditions. The radiation efficiencies of these plates are also

obtained. The appropriate beam functions which define the

deformation mode in two perpendicular directions and satisfy the

conditions at the edges of the vibrating plate under

conside.ration have been combined for defining the deformation

mode of the respective plate 'under vibration. In this analysis,

the boundary conditions considered are: (1) two opposing ends

free and the other two ends simply supported, (2) one end simply

supported and the other three ends fixed. The beam functions in

fact sa tis fy the boundary condi ti ons for plates with fixed or

freely supported edges, but are only approximate for free edges.

The input variables for any rectangular flat plate with uniform'

thickness are the aspect ratios,lb/a), and the thickness ratios,

(hi a). The resul ts are found for three values 0 f the aspect

ratios and three values of the thickness ratios for each case of

resuJ. ts arethe boundary conditions. The

tabular and graphical forms. Three values

presented

of each of

in both

the two
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plate parameters considered are 0.5, 1.0 and 2.0 for aspect ratio

and 0.001,0.002 ,0.004 for thickness ratio. The values of other

parameters as required in numerical calculations are : density of
the surrounding medi um, P =1.21 kg/m3 velocity of sound in
surrounding medium, c= 341 m/sec density of the plate material,

PI1l=7700.0kg/m3 and 1400. 0 kg/~3 for steel and plastic (pvc) ,

respectively; modulus of elasticity of the plate material, E =
206 GPa and 4.0 GPa for steel and plastic(pvc), respectively
amplitude of vibration, W = 0.0001 m and poison's ratio,

6=0.4 for steel and 0.45 for plastic (pvc) In the subsequent
sections the results of each of the two problems investiJated
are discussed separately.

(1) Plates with two opposing ends free and the other two ends
simply supported :

The values of acoustic power radiation are obtained for
various plate parameters and mode orders in x- and y- directions.
Figures 6 7 and 10 to 13 show the total average acoustic
power radiated from one side of the baffled plate, plotted

against the number. of nodal lines in the y-direction for a fixed

mode order in x- direction. In figures 8 and 9 the total
average acous tic power radiation are plot tedagai-ns t the number

of nodal lines in x-direction for fixed mode orders in y-
direction The influence of different aspect ratios, thickness

ratios and mode orders are also compared in these figures.

In order to offer a p~ausible explanation of
the nature of curves in Figs. 6,7,8 and 9
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refer to figures 14,15,16 and 17. In figures 14 and 15, it is

seen that , with the increase of mode order, n. frequency factor

increases. Figs. 16 and 17 show the same trend of Af with
increasing m, the mode order in x-direction But from the
defini'tion of frequency factor ;\f- by Warburton (53), it is
observed that the. frequency of vibration is directly

proportional to the frequency factor So it can be concluded
that the nature of variation of frequency of the plates will be

the same as the frequency factor because they have the same
tr~nd. Hence it can be concluded that with the increase of the
values of m or n 'or both the frequency of vibration would
increase. Figures 6 and 7 show the acoustic power radiation
plotted against nodal lines in y- direction while Figs. 8 and 9
show the same in x-direction for constant values of aspect ratio
and thickness ratio. In figure 6, it is seen that the acoustic

power radiation increases somewhat monotonically at the lower

range of n and fluctuates at the higher values. of n; This is more
obvious from figure 7 The variations of power radiation
follows the same trend with variation of m which is shown in
figures 8 and 9 . These can be explained by the fact that the
power radiation should increase with the increase of the
frequency of vibration which, in its turn increase with the
increase of the values of m, n At lower values of m and n , the
rate of increase of frequency is higher. So the power radiation

increases rapidly at the lower range of mode orders. But the
power radiation does not show significant rise with increasing
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,/ values of m and n at the higher range The graphs show a

waviness after certain values of m and n At the higher range of

mo~e orders, the values of m and n have less influence over the

acoustic' power radiation. The waviness of the graphs after some

values. of mode orders are due to the interference of the waves

from x and y - directions. At the high mode orders the wave

form from the two directions interfere frequently. The acoustic

power radiation fluctuates due to this interference. When the two

crests from the two directions superimpose, the total average

acoustic power radiation increases. On the other hand when the
crests from one direction superimposes on the trough from

another the total average acoustic power radiation decreases

as deplcted by the roots of the graphs. The frequency of this

waviness is dependent on the interferences of the waves. The

number of interferences increases with the increase in the mode

orders. Thus the frequency of waviness has a lower value at the

low range of mode orders' and increases with the rise of mode

orders.

It is observed in figures 7 and 9 that the

rate of increase in the acousticpow~r radiation approaches zero

at very high mode numbers. The variation of the acoustic power

radiation can be explained with the help of the variation of

acoustic pressure in the surrounding medium due to ~he vibration

of the plate. There are various factors which affect the acoustic

power radiation. The frequency of vi~ration the effective

radiating surface .of the plate, and the effective acoustic
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pressure are the major three factors among them.

It is already known that the frequency of vibration

increases significantly with the increase of mode orders at lower

range ,but at high range , the rate 9f increase of frequency of

vibration falls. At low mode orders, the effective radiating

surface is larger because, in this case, the points of zero

displacement in the plate are less. But with increasing mode
orders the regions of this zero displacement increases s~ that

effective radiating surface decreases Again, due to the
vibration of the plate wave forms are generated in the

surrounding medium, resulting in its alternate' compression and
refraction At very high mode orders, the plate wave number
becomes very high. Therefore, alternate crests and roots of the

plate wave come closer to one another. At any instant of time, a

particular crest produces a compression in the surrounding medium

while the neighbouring root produces a rarefaction. These

alternate compression and rarefaction causes the acoustic energy

to travel through the surrounding medium. ,When the plate wave

number becomes very high, the neighbouring roots and crests come

so close to each other that the rarefaction by the root partially

neutralizes the compression produced by the crest. The effecti~~
~~

pressure variation de~reases. Thus the intensity of absolute

pressure variation is high at the lower mode orders and low at

the higher mode orders. lIence, in the low range of mode orders,

the acoustic power radiation from the plate rapidly rises due to

the posi ti've contributions of the frequency of vibration

- 72 -



effective pressure variation and effective radiating surface of

the plate. But at the high mode orders, the effective acoustic'

pressure in fact has no role on power variation. The effect of

frequency of vibration becomes insignificant at high range of

mode orders. Also the effective radiating surface of the plate
implies negative effect on power variation

absolute amoun't of acoustic power radiation
Therefore, the

does not show any
further increase with mode numbers. It rather attains a stable

magnitude in this case. Though the power radiation displays a

fluctuating characteristics at high modes, the radiation

efficiency converges to unity and does not show any change with

further increase in the mode numbers, as shown in figures 18, 19, r
20 and 21 This is because of the fact that radiation
efficiency presents the power radiated from a plate due to its

vibration at certain mode orders in comparison to the power

radiated by the same plate vibrating as a solid without forming

waves, with a velocity equal to the root mean square value of the

surface velocity distribution of the plate under consideration.

At high mode orders. the interferences of the compressions and

rarefactions produc~d by altern~te crests and roots of the plate

waves tend to reduce the rate of increase in the total acoustic

power radiation. Above the critical frequency of vibration of the

plate. the acoustic radiation from the plate becomes stable and

does not increase with increasing mode or'ders. This stable
ac6ustic radiation is equivalent to the

a plate vibrating as a solid body without

- 73 -
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velocity equal to the root mean square value of the surface
velocity distribution of the plate. The effect of this stable
magnitude of the acoustic radiation from a plate converges the

radiation efficiency to unity above the critical frequency, the

frequency at which the wave length of the standing wave of the

plate is equal to the wave length of the radiated acoustic wave
of the plate.

Figures 18, 19 , 20 and 21 show the radiation
efficiency of the vibrating plate with two opposing ends free
and other two ends simply supported . As the wave number ratio
increases, the radiation efficiency also increases gradually.

,
When the wave number ratio is unity, the magnitude of radiation

efficiency becomes maximum which is about 1. 2. In
Re fs .(51 •53 ,54 ) maximum value of radiation efficiency is 1.2

when the wave number ratio reaches unity. With further increase

i
of wave number ratio radiation efficiency converges to unity

and remains constant. It is also true in Figs. 54, 55 and 56.

Figures 10 and 11 .represent the variation of
acoustic power radiation with variation of thickness ratio of

the plate. 1t is seen from these figures that the acoustic power

radiation increases when thickness ratio. is increased. This is

due to the fact that more power will be needed to excite a plate
if its thickness is increased. Figure 10 shows the variation of

~.,
power radiation wi th thickness rati0 for low values of nodal
lines in x-direction and figure 11 for 'high values of the same
nodal line.
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In figures 12 and 13, the effect of aspect ratio of the

plate over the power radiation is shown. Figure 12 shows the

variation of average power with aspect ratio at a lower value of
m. and figure 13 for higher values of m It can be seen from
figure 12 that the total average acoustic power radiation
increases with the decrease in the values of the aspect ratio.
But this is not true for higher values of m.lt is found that

the total acoustic power radiation increases with the increase of

the a~pect ratio at higher. values of m at the lower range df n.

This is shown in figure 13. But the trend is gradually reversed
with the increase in the values of n. The above variations of
acoustic power radiation can be explained wi th the help of
figures 14, 15 ,16 and 17. These figures show the variation of
dimensionless frequency factor ~f with. the variation of aspect
ratio for different values of m and n It is observed that, at
all mode orders, the dimensionless frequency factor,
,increases with the decrease of aspect ratio. As dimensionless
frequency factor increases, frequency of vibration also
increases, which in turn increases the total acoustic power.
Therefore aver"age acoustic pOlver radiation increases as the

aspect ratio is decreased. At lower mode orders, the amount of

power radiation mainly depends on the effective radiating surface
of the plate The influence of. frequency over the power

radiation is less dominant in this case. Effective radiating
n

surface is more in the c.ase of a plate with lower aspect ratios! "

at low values of mode orders in the x-direction. For this reason,
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at lnw mode numbers in the x-direction, the plate with lowe~

aspect ratio radiat~s more power. This is shown in figure 7. At

high values of m in the lower range of n , the plate with higher

aspect ratio radiates higher amount

figure' 13.' This is due to the fact

of power

that, at

which is

these mode

shown in,
~!
Iorders, '

the effective radiating surface is more in the case of a" plate

with higher aspect ratio as the longer side of the plate is

divided into fewer waves. The effective radiating surface

decreases .with increasing mode orders but the frequency' of

vibration increases. Here the increase in the frequency of

vibration far exceeds the reduction in the effective radiating

surface. Thus, the frequency of vibration begins to playa

dominating role over the acoustic power radiation from the plate.

From figure 15, it is .een that the increase in the frequency of

vibration with the increase in the mode numbers is more in the

case of a plate with an aspect ratio of 0.50. The amount of
,.,

acoustic power radiation show a steeper rise in this case as
shown in figure 13. The amount of power radiation from the pla~es

with the other two aspect ratios is smaller.

(2) Plates with three ends fixed and one end simply supported:

In figures 22 and 23. the variation of power is

plotted against the number of nodal lines in y-d'irection at. a

particular value of nodal line in x-direction. Figures 24 and '25

show the variation of power radiation from the plate at a
particular value of n and plotted against the number of nodal
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lines in x-direction. From figure 22, it is observed that the

power radiated from a plate increases rapidly with the increase

in the values of n upto a certain Iimi t. after that with
increasing n power radiation increases slowly wi th moderate

fluctuation. The same trend is seen with increasing values of m

in figure 24. At high mode orders, the acoustic power radiation

does not increase ,ignificantly.'It rather attains a stable state

which is shown in figures 23 and 25. The power radiation due to

the vibration of the plate is largely dependent upon the

frequency of vibration and the effective radiating surface.

figures 30,31,32 and 33, it is evident that'dimensionless

frequency factor increases with the increase of mode orders. At

the lower range of mode orders, increasing tendency is higher

than that at the higher mode orders. Again, the variation of

frequency of vibration follows the same trend as the

dimensionless frequency factor. Therefore, with the increase of

dimensionless frequency factor, frequency of vibration increases

in the same manner as there exists a linear relation between

frequency of vibration of the plate and dimensionless frequency:

factor. But acoustic power radiation increases if frequency of

vibration increases. Ilence, from figures 30,31,32 and 33 it may
be' concluded that the radiation of power should increase wi th
increasing values of m and n. With the increase of mode orders,

the effective radiating surface decreases which is defined as the

surface of the plate from which acoustic radiation takes place.

But frequency of vibration increases with increasing mode orders.

- 77 -



, ~.
Thus, in the lower range of mode orders, due to the posi tive
effect of both the frequency of vibration of the plate and

effective rad.iating surface, the amount of acoustic power

radiation increases wi th the increase of mode orders. This Is
shown in figures 22 and 24 . At the higher mode orders, frequency

of.vibration increases at a decreasing rate with the increase of
mode orders. On the other hand , the effective radiating surface
decreases signi fican tly. Hence in this range of mode orders,
the amount of power radiated increases with a reduced rate and
shows a waviness after certain mode orders. Wi th further

L,
•

increase in mode orders, waviness will be asymptotically zero. At

high mode orders, the waviness of the acoustic power radiation is

due to the interference of the standing waves coming from x and

y-directions. When the two crests coming from the two directions

superimpose, tlet result will produce a sharp crest. On the other

hand, if the two cres ts oppose one another, the total acoustic

power radiation decreases as depicted by the roots of the graphs .

This fluctuation in the acoustic power radiation constitutes the

waviness in the total average acoustic power radiation. The

frequency and ampli tude of interference increase wi th the

increase of mode orders. This is obvious from figures 23 and 25.
Though the average acoustic power radiated increases with

increasing m?de numbers, the rate of increase gradually decreases

and ultimately reaches a stable state showing no further increase
in the absolute

compression and
value. In the higher mode

rarefaction made by the
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standing waves in the plate partially neutralizes each. other.
.''.'..
'I
.',,

This neutralization in its turn, reduces the acoustic power

radiation from the plate. Though the absolute value of the amount

of acoustic power radiation does not increase with increasing

mode numbers after a certain mode orders, the waviness of power

radiation still remains. This is caused by the fact that the

interference of the standing waves from the two directions still

exists even if the mode numbers are very high.

Figures 34,35,36 and 37 show the radiation

efficiency of the vibrating plate with one end simply supported
and other three ends fixed. It is observed from these figures

that" the radiation efficiency converges to unity at high modes

and does not show any change with further increase in the mode
numbers, This is due to the same reason as discussed in the case

of the plate with two opposing ends simply supported and the

other two ends free. As the wave number ratio inc.reases., the
ii

I
1 radiation efficiency also increases When the wave number ratio

is unity, the magnitude of radiation efficiency becomes maximum.

Wi th further increase of wave /lumber ratio, radiation effici;e'ncy

converges to unity and remains constant, This same trend is true
in Refs. (51,53,54).

." ';"-:

Figures 26 and 27 present
,

the nature of variation of

power radiation with the variation of thickness ratio for lower

and higher values of m, respectively. As in the other case
discussed earlier, acoustic radiation increases with the-,~

in the value 'of the thickness ratio of the plate.
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thus needed to excite a plate with higher thickness as the plates

radiates more energy.

In figures 28 and 29 , the amount of acoustic radiation

from the plate at different aspect ratios have been compared.

Figure 28 presents the power variation with aspect ratio for

lower value of m and figure 29 for higher value of m. From figure

28 it is seen that total acoustic power radiation increases

with the decrease of aspect ratio. This may be explained by

referring to figures 30,31 32 and 33. In these figures,

dimensionless frequency factor is plotted for various aspect

ratios against the number of nodal lines. It is clear that, as

aspect ratio decreases, dimensionless frequency factor

increases. Frequency of vibration increases with the increase of

dimensionless frequency factor as their relationship is linear.

Thus in the lower range of mode orders, the plate ,with l,ower

radiates more power than those withl,
I-"

values of aspect ratio

higher values of the aspect ratio. In this case the effective

radiating surface of the plate with lower aspect ratio is less

but the frequency of vibration is much higher. This makes the

acoustic radiation to be more with lower aspect ratio than that

with higher aspect ratio As shown in figure 29, for high values

I,
'";;'

of m in the lower range of n , the plate with an aspect ratio of

2:00 radiates more power than the plates with lower values of the

aspect ratio. With increasing values of m, the effective

radiating surface decreases. This decrease is more in the cas~ of
\ ,

a plate with an aspect ratio of 0.50, making the power radiation
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to be less than that at higher aspect ratios.

)
I

~t
J
! the values o.f n'

With increase in

the increase in frequency of vibration takes
"(
,j care of the decrease in the effective radiating surface. As'

I
'i,
~J
I

'J
I
,I
i

such, at high mode orders, the frequency of vibration begins to

playa dominant role over acoustic power radiation.

6.2. COMPARISON OF POWER RADIATION FROM PLATES OF DIFFERENT

BOUNDARY CONDITIONS AND OF DIFFERENT MATERIALS:

(1) Comparison of the effect of boundary conditions:

In the present analysis, the power. radiations from

a rectangular plate, vibrating in its natural modes, are studied

with two boundary conditions. These are (a) two. oppos ing ends

simply supported and the other two ends free and (b) one end

simply supported while the other three ends fixed. Figure 42 to

45 show the comparison of the average acoustic power radiation

from the plate with above boundary conditions. It is evident from
f

figures 42 and 44 that at lower range of mode orders, the

amount' of power radiation from the plate for both the boundary

conditions are nearly equal in magnitude.It can be explained with

the help of figures 38, 39, 40 and 41, which show that the

dimensionless frequency factor for a particular mode shape is

almost the same for both the boundary conditions. This makes the

amount of ,acoustic power radiati'on to be nearly equal for both

the cases. At. high mode orders, the alternate compressions and
i,

rarefactions of the surrounding medium of the vibrating

produce~ by the neighbouring crests and roots of the plate
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1 begin to partially neutralize each other. Thus at these mode

~
,j

\,
"i
~
"'I,
~
'j
II

orders, the ef.fects of the edge conditions on the amount of

acoustic power radiation are virtually nulliJied. This is clear

from figures 43 and 45.

(2) comparison of the effect of materials:

Figures. 50 to 53 compare tHe average acoustic power

radiation from steel and plastic plates. At low mode orders,

total acoustic power radiation from a .steel plate is higher than

that of a plastic plate . The reasons behind it are as fo~lows

(a) the frequency of a .steel plate is slightly higher than a

plastic plate which is shown in figures 48 and 49 (b) the steel
I
",
I

,?,
'j,
.j

il
•
~,
I

"

,
I

plate is more rigid than the plastic one for which naturally more

power will be needed to excite it. But at high mode orders

plastic plate is observed to radiate more power .
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CHAPTER .7

CONCLUSIONS AND RECOMMENDATIONS.

7.1.~CONCLUSIONS :

In this thesis, the total. average acoustic power radiated

from one side of a baffled plate vibrating in its natural

modes, have been investigated with two different mixed boundary

conditions. The radiation efficiencies of the plates are obtained

and compared with the results given by Wallace(511,Ahmed(53) and

Mandal(54). The effect of material properties on power radiation

has also been investigated.

The following conclusions are made from the

investigations of the results and graphs for different boundary

conditions and for different values of various parameters.

(1) The average acoustic power radiated from one side of a'

baffled plate vibrating in its natural modes increases with the

increase of mode orders. In the lower range of mode orders, this

increasing tendency is high. At the high range of mode orders,

the acoustic power radiation is in fact in a stable state with

the increase of mode numbers. After a certain mode orders, the

acoustic power radiation from the plates begin to show a wavy

nature.

(2) The average power radiated from a baffled plate increases

with the increase of thickness ratio.

(3) With the increase of aspect ratio, the average power radiated
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from a baffled plate decreases at low values of m. For high

values of m in the low range of n, the average power radiation

increases with increasing aspect ratio. But this tendency

gradually reverses at the higher range of nand m.

(4) The total average acoustic power radiated from a baffled

plate with two opposite ends simply supported and other two ends

free is nearly equal to the power radiated from the plate

one end simply supported and other three ends fixed.

witll

upto its value of unity. With

(5) The radiation efficiencies of the plates increase wi th the

increase of wave number ratio 'I"
further increase in the values of wave number ratio, radiation

efficiency converges to unity and remains constant.

(6) At low mode orders. power radiation from a steel plate is

higher than that from a plastic plate. But at high mode orders. a

plastic plate radiates more power.

7.2. RECOMMENDATIONS

From the knowledge and experience of the present

investigation, the following fields on plate vibration and
I

,'acoustics are recommended as the scope of future research.

(1) Accuracy of the present investigation may be enhanced by

adopting more appropriate displacement functions to define

correctly th~ motiori of the surface of the vibrating plat~.

( 2 ) Plates reinforced with beams, may be studied and the

effects of'reinforcement cao be investigated.

( 3 ) /"Plates with variable thickness and other irregularities may

also be studied.
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(4) Plates having rionuniform edge constraints may be studied Ib~:
, '

"introducing the proper- elastic constrains into the boundary ~
conditions.

(5) Displacement functions may be evolved for the study of the

effect of holes and cracks in vibrating plates.

(6) The vibration of composite -plates may be studied.

(7) The effects of various other mixed boundary conditions may

be studied by using Warburton's displacement functions for
dealing with practic~l problems.

(8) Methods should be evolved to investigate these problems
experimentally.
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Fig. 6: Power radiation from two opposing ends free and other

two ends simply - supported Plate at low values of m.
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Power radiation from two opposing ends free and other
two ends simply - supported Plate at high values of m.
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Fig. 8: Power radiation from two opposing ends free and other
two ends simply-supported Plate at low values of n.
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two ends simply-supported Plate at high values of n.
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Fig .10: Power radiation from two opposing ends free and other
two ends simply-supported Plate for different thickness
ratio at low values of m.
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Fig .14: Dimensionless frequency factor for different values of aspect
ratio at low values of m of two opposing ends free and other
two ends simply-supported Plate.
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Two opposing ends free & other
two ends simply-supported Plate.

n = 6.
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Fig .16: Dimensionless frequency factor for different v.alues of
aspect ratio at low v.alues of n of two opposing ends free and other

two ends simply-supported Plate. t':l
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Fig .17: Dimensionless frequency factor for different values of aspect
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Fig .18: Radiation efficiency for two opposing ends free and other
two ends simply-supported plate at low-low mode orders.
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Two opposing ends free & other
two ends simply-supported plate.
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Fig .19: Radiation efficiency for two opposing ends free and other
two ends simply-supported plate at low-high mode orders.
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Fig. 20: Radiation efficiency for two opposing ends free and other
two ends simply-supported plate at high-low mode orders.
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Fig. 21: Radiation efficiency for two opposing ends free and other
two ends simply- supported plate at high-high mode orders.
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Fig. 22: Power radiation from three ends fixed and other one end
simply-supported plate at low values of m.
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Fig. 23: Power radiation from three ends fixed and other one end

simply- supported plate at high values of m.
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Fig. 24: Power radiation from three ends fixed and other one end
simply - supported plate at low values of n.
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Fig. 25: Power radiation from three ends fixed and other one end
simply - supported plate at high values .of n.
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Fig.26:Power radiation from three ends fixed and. ()ther one end

simply - supported plate for different thickness ratio at low

values of m.
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Fig. 27: Power radiation from three ends fixed and other one end
simply-supported plate for different thickness ratio at high
values of m.
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simply-supported plate for different aspect ratio at high
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Fig. 30: Dimensionless frequency factor for different values of aspect
ratio at low values of m of three ends fixed and .other one end
simply- supported plate.
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Fig. 31: Dimensionless frequency factor for different values of aspect
ratio at high values of m of three ends fixed and other one end
simply - supported plate.

- 121 -

1,

./ .•••\

! i'
: !
i
, \.1"



lE+4
, Ra=9.59t

,-i:,:

! Ra=1.09 ,f'!3

0 Ra=2.99

J

lE+l
8Etll'

2
----~--

m ( NO.OF NODAL LINE IN X DIRECTION).

Fig. 32: Dimensionless frequency factor for different values of aspect
ratio at low values of n of three ends fixed and other one
end simply - supported plate.
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Fig. 33: Dimensionless frequency factor for different values of aspect
ratio at high values of n of three ends fixed and other one
end simply - supported plate.
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Fig.34: Radiation efficiency for three ends fixed and other one 'end
simply-supported' plate at high-low mode orders.
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Fig. 35: Radiation efficiency for three ends fixed and other one end
simply-supported plate at high-high mode orders.
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Fig. 36. Radiation efficiency for three ends fixed and other one end
simply - supported plate at low-low mode orders.
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Fig. 37: Radiation efficiency 0 for three ends fixed and other one end
simply-supported plate at low-high mode orders.
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Fig. 38: Dimensionless frequency factor for plates with different
boundary conditions at low value of m.
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Fig. 39: Dimensionless frequency factor for plates with different
boundary conditions at high value of m.
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Fig. 40: Dimensionless frequency factor for plates with different
boundary conditions at low value of n.
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Fig. 41: Dimensionless frequency factor for plates with different
boundary conditions at high value of n.
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Fig. 42: Power radiation from plates with different boundary conditions at low
value of m.
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Fig. 43: Power radiation from nlates with different boundary
conditions at high value of m.
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Fig. 44: Power radiation from plates with different boundary
conditions at low value of n.

- 134 -



lE+7,,- -,

o Two opposing ends free & other
two ends simply-supported plate.

r ,
~ H+6 ./

'f-<
:~';=
'~

,~

~;= lE+50
! Po<

"
J

'-

n = 20

Ra =1.00

Rt =0.002

•

m( NO.OF NODAL LINE IN X DIRECTION).

Fig. 45: Power radiation from plates with different boundary
conditions at highvillue of n.
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Fig. 46: Power radiation from plates with different boundary
conditions at low value of m.
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Fig. 47: Power radiation from plates with different boundary
conditions at high value of m.
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Fig. 48: Dimensionless frequency factor for plates with two opposing
ends free & other two ends simply-supported for different
materials at low values of m.
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Fig. 49: Dimensionless frequency factor for plate with three ends
fixed ill other one end simply-supported for different materials at
low values of m.
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Fig. 50: Power radiation from two opposing ends free 81 other two
ends simply - supported plate for different materials at low

value. of m.
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Two opposing ends free & other
two ends simply-supported plate.
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Fig. 51: Power radiation from two opposing ends free and other
two ends simply-supported plate for different materials
at high value of m.
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Fig.52: Power radiation from three ends fixed 8. other One end
simply-supported plate for different materials at low
value of m.
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f, Steel plate
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Three ends fixed & other one
end simply-supported plate.

; I
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m = 16.

2il 22 24 26 28 31l 3--------
n ( N0. OF NODAL LINE IN Y DIRECTION ).

Fig. 53: Power radiation from three ends fixed & other one end
simply-supported plate for different materials at high
value of m.
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Table-1 Dimensionless frequency ~actor for two opposing ends free a~d other two ends simply supported plate for
different values of Ra .

,_,r

Ra min 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

0.5 4 1.7E1 - 5.1E1 1.2E2 2.1E2 3.4E2 5.0E2 6.9E2 9.2E2 1.2E3 1.5E3 1.8E3 2.1E3 2.5E3 2.9E3 3.4E3 3.9E3
~

1.0 4 1.3E1 2.3E1 4.0E1 6.4E1 9.6E1 1.4E2 1.8E2 2.4E2 3.0E2 3.8E2 4.6E2 5.4E2 6.4E2 7.4E2 8.6E2 9.8E2 ~
:< til

.•.
':i '" 2.0 4 1.3E1 1.5E1 2.0E1 2.6E1 3.4E1 4.5E1 5.7El 7.1E1 8.7E1 1.lE2 1.3E2 1.5E2 1.7E2 2.0E2 2.3E2 2.6E2 ~

:;: '"'" ~ 0.5 16 2.4E2 2.8E2 '3.4E2 4.4E2 5.7E2 7.3E2 9.3E2 1.2E3 1.4E3 1.7E3 2.0E3 2.4E3 2.8E3 3.2E3 3.6E3 4.1E3
"" <"" Eo<< 1.0 16 2.4E2 2.5E2 2.7E2 2.9E2 3.2E2 3.7E2 4.1E2 4.7E2 5.4E2 6.1E2 6.9E2 7.8E2 8.8E2 9.8E2 1.lE3 1.2E3

2.0 16 2.4E2 2.4E2 2.5E2 2.5E2 2.6E2 2.7E2 2.8E2 3.0E2 3.2E2 3.3E2 3.5E2 3.8E2 4.0E2 4.3E2 4.6E2 4.9E2

1.0 3 7.6EO 1.7E1 3.3E1 5.7E1 8.9E1 1.3E2 1.8E2 2.3E2 3.0E2 3.7E2 4.5E2 5.4E2 6.3E2 7.4E2 8.5E2 9.7E2

{ I



Table-2

k

Dimensionless frequency factor for two opposing ends free and other two ends simply supported plate for

different values of Rs .

~~,

Ra n/m 2 4 '6 8 10 12 14 16 18 20 22 24 26 28 30 32

,

0.5 6 1.0E2 1.2E2 1.3E2 1.6E2 1.9E2 2.4E2 2.9E2 3.4E2 4.1E2 4.8E2 5.7E2 6.6E2 7.5E2 8.6E2 9.7E2 1.IE3

),0 6 2.8E1 3.9E1 5.7E1 8.3E1 1.2E2 1.6E2 2.1E2 2.7E2 3.3E2 4.1E2 4.9E2 5.8E2 6.8E2 7.8E2 9.0E2 1.0E3
'"

:3 .IE2
.•.

2.0 6 9.4EO 2.0El 3.7El 6.3El 9.7El ),4E2 1.9E2 2.5E2 3.9E2 4.7E2 5.6E2 6.6E2 7.6E2 8.8E2 10.E2 ...

0.5 20 ),4E3 1.5E3 ),5E3 1.5E3 ),5E3 1.6E3 1.6E3 1.7E3 1.8E3 1.8E3 1.9E3 2.0E3 2.1E3 2.2E3 2.3E3 2.5E3

),0 20 3.6E2 3.8E2 4.0E2 4.2E2 4.6E2 5.0E2 5.5E2 6.1E2 6.8E2 7.5E2 8.3E2, 9.2E2 1.0E3 1.1E3 1.2E3 1.4E3

2.0 20 9.4E1 1.1E2 1.2E2 1.5E2 1.8E2 2.3E2 2.8E2 3.3E2 4.0E2 4.7E2 5.6E2 6.5E2 7.4E2 8.5E2 9.6E2 1.IE3



COL '.

"";;::.\
\

Table-3 : Power radiation by two opposing ends free and other two ends simply supported plate. Ra =1.0, Rt=0.OO2

min 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

2 8.3E-4 3.3E-1 2.2E1 8.4E1 1.9E2 3.8E2 6.6E2 1.lE3 2.1E3 1.7E3 5.1E3 1.9E3 2.1E4 3.8E3 3.4E3 4.5E4

3 2.2E-1 3.1EO 4.3E1 9.5E1 2.0E2 4.0E2 7.5E2 9.4E2 2.7E3 1.3E3 4.5E3 3.2E3 2.3E4 3.7E3 4.0E3 4.1E4

4 2.9E-1 7.1EO 5.6E1 1.lE2 2.3E2 4.4E2 8.5E2 9.8E2 3.0E3 1.4E3 4.3E3 4: 1E3 2.0E4 4.5E3 6.1E3 4.9E4

5 7.2EO 3.4E1 7.0E1 1.4E2 2.7E2 4.8E2. 9.9E2 1..0E3 3.6E3 2.0E3 3.1E3 7.4E3 1.5E4 3.9E3 9.2E3 4.0E4
I

6 3.3E1 6.2E1 9.4E1 1.7E2 3.2E2 5.1E2 1.lE3 1.2E3 3.7E3 2.8E3 2.6E3 9.9E3 1.3E4 4.0E3 1.2E4 2.7E4 '"'"...•

15 1.1E3 1.0E3 9.5E2 1.3E3 2.5E3 2.9E3 2.3E3 4.3E3 1.8E3 1.8E4 7.5E3 2.6E3 4.4E3 . 4.8E4 4.6E3 3.7E3

16 9.3E2 9.9E2 1.3E3 2.1E3 3.7E3 1.3E3 4.2E3 2.2E3 4.2E3 2.3E4 4.5E3 3.3E3 1.6E4 2.9E4 6.1E3 3.5E3

17 1.5E3 1.7E3 2.7E3 3.7E3 1.7E3 3.1E3 4.1E3 2.2E3 1.3E4 1.5E4 3.3E3 3.1E3 3.4E4 1.6E4 4.9E3 5.5E3

18 3.2E3 3.8E3 3.6E3 1.8E3 2.4E3 4.7E3 1.8E3 3.7E3 2.3E4 6.4E3 3.4E3 6.5E3 4.0E4 7.5E3 5.0E3 6.2E3

f,
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Table-4 : Power radiation by two' opposing ends free an~ other two ends simply supported plate. Ra =1.0, Rt=0.002

n/m 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

4 3.3E-l 7.1EO 6.2El 1.2E2 2.5E2 4.8E2 9.8E2 9.9E2 3.8E3 1.9E3 2.8E3 8.6E3 1.4E4 3.2E3 1.IE4 2.6E4

5 3.0EO 2.9El 7.lEl l.4E2 2.8E2 5.2E2 1.lE3 l.lE3 3.9E3 2.7E3 2.lE3 l.2E4 l.OE4 2.7E3 l.9E4 3.lE4

6 2.2El 5.6El 9.4El 1.8E2 3.3E2 5.3E2 1.lE3 l.3E3 3.6E3 3.6E3 1.2E3 1.5E4 6.5E3 1.5E3 2.0E4 2.0E4
I

7 5.9E1 7.7E1 1.3E2 2.2E2 4.0E2 6.3E2 1.0E3 1.5E3 2.8E3 4.4E3 6.8E2 2.0E4 3.3E3 l.5E3 3.0E4 1.1E4 co
'"...•

19 3.8E3 3.2E3 1.7E3 2.1E3 4.5E3 3.0E3 2.2E3 1.4E4 1.7E4 3.8E3 2.9E3 2.0E4 2.9E4 5.1E3 6.2E3 7.9E3

20 1.7E3 1.4E3 2.8E3 4.6E3 3.5E3 1.8E3 6.7E3 2.3E4 G .4E3 2.8E3 4.4E3 3.8E4 1.5E4 G.OE3 5.6E3 7.9E3

21 3.2E3 4.2E3 4.9E3 3.4E3 1.4E3 4.2E3 2.0E4 1.5E4 3.6E3 3.4E3 1.4E4 3.9E4 6.6E3 5.2E3 G.OE3 1.0E4

22 5.1E3 4.3E3 2.6E3 1.1E3 3.9E3 1.7E4 2.2E4 4.5E3 3.4E3 5.5E3 3.2E4 .2.4E4 7.4E3 5.0E3 G.2E3 1.7E4

.I



Table-5 Power radiation by a two opposing ends free and other two ends simply supported plate.
Ra =1.00 and different values of Rt

-("i.

Rt mIn 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

0.001 4 6.5£-5 2.6E-3 3.3E-1 2.4EO 3.4E1 2.3E2 2.8E2 4.1E2 6.3E2 9.3E2 1.lE3 2.1E3 2.2E3 4.3E3 2.5E3 i.5E3

0.002 4 2.9E-1 i.1EO 5.6E1 1.lE2 2.3E2 4.4E2 8.5E2 9.8E2 3.0E3 1.4E3 4.3E3 4.1E3 2 ..0E4 4.5E3 6.1E3 4.9E4 I...
'"

0.004 4 2.3E1 4.9E1 1.4E2 3.6E2 i.3E2 1.9E3 1.iE3 6.1E3 2.5E3 1.8E4 4.2E4 8.2E3 5.iE3 1.3E4 5.0E4 3.5E5 ••

0.001 18 6.3e2 6.6E2 i.OE2 7.5E2 1.1E3 1.lE3 1.3E3 2.3E3 1.5E3 1.9E3 5.3E3 2.8E3 4.8E3 3.1E3 4.5E3 2.1E4

0.002 18 3.2E3 3.8E3 3.6E3 1.8E3 2.4E3 4.7E3 1.8E3 3.iE3 2.3E4 6.4E3 3.4E3 6.5E3 4.0E4 7.5E3 5.0E3 6.2E3

o . 004 18 1.5E3 1.6E3 1.7E3 7.6E3 3.6E4 6.1E4 1.1E4 5.7E3 4.0E3 5.8E3 9.9E3 5.4E4 3.0E5 4.4E4 2.7E4 2.0E4

i _



Table-6 Power radiat~on by a two opposing ends free and other two ends' simply supported plate ..

Rt =0.002 and different values of Ra ;

Ra min 2 4 '6 8 10 12 14 16 18 20 22 24 26 28 30 32

0.50 4 8.7E-1 3.9E1 1.6E2 5.0E2 1.4E3 2.5E3 6.0E3 1.2E4 4.4E3 1.7E4 8.1E4 2.0E4 9.1E3 1.9E4 3.1E4 5.0E5

1.00 4 2.9E-1 7.1EO 5.6E1 1.lE2 2.3E2 4.4E2 8.5E2 9.8E2 3.0E3 1.4E3 4.3E3 .4.1 E3 2.0E4 4.5E3 6.1E3 4.9E4

2.00 4 3.6E-1 9.3E-1 4.9EO 3.0E1 1.0E2 1.3E2 1.9E2 2.7E2 3.7E2 5.5E2 7.9E2 8.8E2 8.9E2 3.1E3 1.4E3 2. ie3 ~...
0.50 18 1.7E3 1.4E3 1.7E3 1.6E3 7.5E3 2.9E3 1.4E4 4.9E3 2.6E4 9.5E4 1.3E4 1.3E4 7.7£3 1.3E4 9.4E5 6.0e4

1.00 18 3.2E3 3.8E3 3.6E3 1.8E3 2.4E3 4.7E3 1.8E3 3.7E3 2.3E4 6.4E3 3.4E3 6.5E3 4.0E4 7.5E3 5.0E3 6.2e3

2.00 18 5.8E3 5.4E3 8.5E3 7.6E3 7.3E3 7.9E3 3.6E3 2.5E3 3.4E3 5.8E3 9.1E3 1.2E4 4.2E3 3.0E3 3.2E3 1.4e4

~', ._.- I'
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Table-7 :Radiation efficiency of two opposing ends free and other two simply supported plate for different mode orders .

Ra = 1. 00

1.8E-ll 1.IE-9 1.3E-8 7.1E-8 2.7E-7 1.7E-5 1.0E-3 1.0E-2 4.8E-2 1.5E-l 1.4EO
2.4E-I0 1.5E-8 1.7E-7 9.6E-7 3.6E-6 i.9E-4 6.5E-3 3.7E-2 1.8E-l 6.6E-l 1.2EO
1.6E-4 6.6E-4 1.5E-3 2.6E-3 4.1E-3 1.6E-2 6.2E-2 1.6E-l 3.6E-l 6.8E-l 1.2EO

15 14 1.9E-6 5.4E-6 8.4E-6 1.4E-5 2.6E-5 1.IE-4 8.6E-4 3.5E-3 1.7E-2 2.1EO
15 16 1.6E-6 4.4E-6 6.9E-6 1.2E-5 2.4E-5 1.0E-4 9.0E-4' 3.3E-3 1.8E-2 2.2EO

14 15 4.4E-14 5.4E-12 3.1E-ll 2.6E-I0 4.2E-9 2.2E-7 9.1E-5 7.6E-4 6.6E-2 1.9EO

I

'""'...

1.IEO
1.IEO

1.0EO
1.0EO

4.0

1.0EO
1.OEO 1.1EO

7.9E-l 9.5E-l
7.9E-1. 9.3E-l

7.9E-l 8.6E-l

9.9E-l 1.lEO

8.4E-l 7.7E-l
8.4E-l 8.2E-l

1.lEO 1.OEO

1.1EO

8.4E-l 8.8E-l
8.3E-l 8.4E-l

1.lEO

8.6E-l 8.4E-1

10.E-l 1.0EO
3.0

1.0EO
1.0EO

1.lEO

1.1EO
1.2EO

9.8E-l 1.OEO

1.IEO

1.5EO
1.1EO

1.IEO
1.IEO

1.IEO
1.2EO

2.01.0.80.60.40.20.10.08.06.04

3.2E-6 4.9E-5 2.3E-4 6.5E-4 1.4E-3 8.1E-3 2.9E-2 3.2E-2 8.1E-2 1.6EO
1.9E-4 7.4E-4 1.6E-3 2.6E-3 3.7E-3 8.5E-3 1.9E-2 3.1E-2 1.4E-2 1.5EO

1.9E-ll 8.5E-I0 4.8E-9 8.1E~9 2.1E-8 1.2E-5 2.3E-4. 2.2E-3 3.7E-2 1.3EO
1.3E-13 2.4E-ll 3.6E-I0 1.5E-9 4.0E-9 5.6E-6 2.6E-4 2.0E-3 3.5E-2 1.3EO

4.7E-5 1.9E-4 4.1E-4 7.1E-4 1.IE-3 3.3E-3 1.3E-2 8.0E-2 3.8E-l 1.0EO

.02

15 3

15 2

14 13 3.4E-14 4.6E-12 3.4E-ll 1.4E-I0 2.4E-9 1.3E-7 9.1E-5 6.1E-4 6.2E-2 1.8EO

14 3

14 2

3 16 3.1E-5 1.0E-4' 1.8E-4 3.0E-4 5.6E-4 6.2E-3 1.7E-2 3.7E-2 1.IE-l 2.3EO
3 15 2.1E-6 3.0E-5 1.3E-4 .3.3E-4 6.6E-4 5.4E-3 2.1E-2 3.4E-2 1.2E-l 2.3EO
2 15 2.3E-9 5.2E-7 1.IE-5 8.6E-5 3.7E-4 5.8E-3 2.1E-2 3.1E-2 1.IE-l 2.0EO
2 14 6.1E-8 3.5E-6 3.2E-5 1.4E-4 3.9E-4 6.2E-3 1.9E-2 3.5E-2 1.2E-l 1.9EO

2 4

3 2

3 .4

2 2

m n

J -'



Table-8
Dimensionless frequency factor for three ends fixed and other one end simply. supported plate for

different values of Ra

Ra min 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

0.5 4 1.7E1 -5.7E1 1.3E2 2.3E2 3.7E2 5.4E2 7.4E2 9.7E2 1.2E3 1.5E3 1.9E3 2.2E3 2.6E3 3.0E3 3.5E3 4.0E3

1.0 4 1.2E1 2.1E1 3.9E1 6.5E1 9.9E1 1.4E2 1.9E2 2.5E2 3.2E2 4.0E2 4.7E2 5.6E2 6.6E2 7.7E2 8.8E2 1.0E3

2.0 4 1.lE1 1.3E1 1.7E1 2.4E1 3.2E1 4.2E1 5.5E1 6.9E1 8.6E1 1.0E2 1.2E2 1.5E2 1.7E2 2.0E2 2.3E2 2.6E2 •••on~

0.5 16 2.4E2 2.7E2 3.4E2 4.5E2 5.8E2 7.5E2 9.5E2 1.2E3 1.4E3 1.7E3 2.1E3 2.4E3 2.8E3 3.2E3 3.7E3 4.2E3

1.0 16 2.3E2 2.4E2 2.6E2 2.8E2 3.2E2 3.6E2 4.1E2 4.7E2 5:3E2 6.1E2 6.9E2 .7.8E2 8.8E2 9.8E2 1.lE3 1.2E3

2.0 16 2.3E2 2.4E2 2.4E2 2.5E2 2.5E2 2.6E2 2.8E2 2.9E2 3.1E2 3.2E2 3.4E2 3.7E2 3.9E2 4.2E2 4.5E2 4.8E2

1.0 3 6.5EO 1.6E1 3.4E1 6.0E1 9.4E1 1.4E2 1.9E2 2.4E2 3.1E2 3.8E2 4.7E2 5.6E2 6.5E2 7.6E2 8.7E2 10.E2

-, ~J ;



Table-9
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Dimensionless frequency factor for three ends fixed and other one end simply supported plate for

different values of Ra . I

Ra n/m 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

0.5 6 1.2E2 1.3E2 1.4E2 1.7E2 2.0E2 2.4E2 2.9E2 3.4E2 4.1E2 4.8E2 5.6E2 6.5E2 7.5E2 8.5E2 9.6E2 1.lE3

1.0 6 3.1E1 3.9E1 5.5E1 8.0El 1.lE2 1.5E2 2.0E2 2.6E2 3.2E2 4.0E2 4.8E2 5.7E2 6.6E2 7.7E2 8.8E2 1.0E3
"'

8.7EO 5.9E1 9.2E1 1.3E2 4.6E2 6.4E2 "'
2.0 6 1.7E1 3.4E1 1.8E2 2.4E2 3.0E2 3.8E2 5.5E2 7.5E2 8.6E2 9.8E2 ~

0.5 20 1.5E3 1.5E3 1.5E3 1.6E3 1.6E3 1.6E3 1.7E3 1..7E3 1.8E3 1.9E3 2.0E3 2.0E3 2.1E3 2.2E3 2.4E3 2.5E3

1.0 20 3.8E2 3.9E2 4.1E2 4.3E2 4.'6E2 5.0E2 5.5E2 6.1E2 7.0E2 7.4E2 8.2E2 9.1E2 1.0E3 1.1E3 1.2E3 1.3E3

2.0 20. 9.6E1 1.0E2 1.2E2 1.5E2 1.8E2 2•.2E2 2.7E2 3.2E2 3.9E2 4.6E2 5.4E2 6.3E2 7.3E2 8.3E2 9.5e2 1.lE3
,

,.
I'
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Table-10 : Power radiation by three ends fixed and other one end simply supported plate. Ra =1.0, Rt=O.OO2

min 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

2 1.OE-2 1.4EO 4.1E1 1.3E2 2.8E2 5.5E2 1.lE3 1.2E3 4.3E3 2.0E3 4.8E3 8.9E3 2.6E4 6.5E3 1.5E4 6.1E4

3 1.3E-1 2.6EO 4.4E1 9.4E1 2.0E2 3.9E2 8.1E2 8.2E2 3.2E3 1.4E3 2.9E3 6.8E3 1.4E4 3.5E3 1.0E4 3.1E4

4 2.6E-1 6.9EO 6.6E1 1.3E2 2.6E2 5.0E2 1.0E3 1.0E3 3.9E3 2.1E3 3.3E3 9.6E3 1.1E4 4.4E3 1.4E4 3.2E4

5 p.OEO 2.6E1 6.9EI 1.3E2 2.6E2 4.1E2 I.OE3 1.0E3 3.6E3 2.5E3 2.1E3 1.lE4 9.1E3 2.9E3 1.8E4 2.9E4

6 2.9EI 6.4EI 9.1EI 1.8E2 3.3E2 5.5E2 1.2E3 1.2E3 3.9E3 3.5E3 1.8E3 1.6E4 9.3E3 3.IE3 1.8E4 2.0E4 I

••'"15 1.IE3 1.IE3 9.9E2 1.2E3 1.6E3 3.8E3 1.5E3 5.0E3 1.1E3 1.IE4 1.5E4 3.IE3 3.6E3 5.2E4 4.IE3 2.:JE3 ...
16 9.6E2. 9.5E2 1.2E3 1.6E3 3.1E3 2.IE3 3.4E3 3.6E3 2.4E3 2.4E4 4.9E3 2.5E3 1.9E3 4.2E4 4.5E3 4.1E3

11 1.2E3 1.4E3 2.IE3 3.5E3 2.1E3 1.9E3 4.9E3 2.IE3 1.2E3 2.2E4 3.6E3 3.2E:J 2.1E4 2.IE4 5.2E3 3.3E3

18 2.1E3 3.4E3 4.0E3 2.8E3 1.4E3 4.6E3 3.2E3 2.5E3 1.8E4 1.2E4 3.4E3 3.1E3 3.9E4 1.2E4 4.3E3 6.3E3

p



Table-ll : Power radiation by three ends fixed and other one end simply supported plate. Ra =1.0, Rt=0.002

n/m 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

2 1.0E-2 2.6E-1 2.ge1 9.4E1 2.0E2 4.lE2 7.4E2 9.6E2 2.7E3 1.lE37.5E2 5.2E2 7.4E3 l.6E2 2.2E3 3.0E4

4 1.4EO 6.9EO 6.4E1 1.lE2 2.3E2 4.6E2 9.0E2 9.5E2 3.4E3 2.3E3 l.6E5 7.5E2 9.7E3 6.4E2 1.6E3 4.2E5

6 4.7El 6.6E1 9.7El 1.7E2 3.2E2 5.4E2 1;lE3 1.2E3 4.0E3 2.8E4 2.4E3 8.8E3 8.1E4 2.0E3 7.3E3 5.5E3

8 1.3E2 1.3E2 1.8E2 2.8E2 4.8e2 7.3E2 1.lE3 1.6E3 2.8E3 9.8E4 2.1E3 1.lE5 2.5E4 2.9E3 2.3E5 1.2e4

16 1.2E3 1.0E3 1.2E3 1.9E3 3.9E3 1.9E3 3.4E3 3.6E3 2.5E3 5.2E5 4.0E4 6.2E3 1.2E4 4.8E5 5.6E3 4.1E3 "..
"'

18 4.3E3 3.9E3 3.9E3 2.3E3 1.9E3 4.8E3 3.1E3 2.4E3 1.8E4 2.3E5 3.9E3 1.3E4 G.4E4 1.lE4 4.6E3 1.8E4 ~

20 2.0E3 2.1E3 3.5E3 4.9E3 4.1E3 1.7E3 4.0E3 2.4E4 1.2E4 9.8E5 7.4E4 3.9E4 2.5E4 1.7E4 1.3E5 2.4E5

22 4.8E3 3.3E3 1.8E3 1.lE3 3.8E3 1.6E4 2.7E4 4.9E3 3.4E3 1.8E4 3.8E4 2.9E4 8.1E4 1.9E4 2.3E4 6.1E4

/ ,



Table-12 Power radiation by a three ends fixed and other one end simply supported plate.
Ra =1.00 and different values of Rt .

Rt min 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

0.001 4 8.8E-3 1.2E-2 9.6E-1 4.5EO 5.1E1 2.6E2 3.2E2 4.7E2 7.1E2 1.lE3 1.lE3 2.4E3 2.5E3 7.2E3 1.3E3 6.8E3

0.002 4 2.6E-1 6.9EO 6;6E1 1.3E2 2.6E2 5.0E2 1.0E3 1.0E3 3.9E3 2.1E3 3.3E3 9.6E3 1.7E4 4.4E3 1.4E4 3.2E4

0.004 4 2.2E1 5.0E1 1.5E2 4.0E2 7.8E2 2.4E3 1.4E3 6.8E3 2.2E3 3.4E4 2.3E4 4.9E3 4.1E3 1.5E4 1.4E5 2.0E5 00

'"...•

0.001' 18 6.3E2 6.5E2 7.1E2 7.3E2 10.E2 1.2E3 1.2E3 2.2E3 1.4E3 2.4E3 4.1E3 4.1E3 4.0E3 4.8E3 2.5E3 2.8E4

0.002 18 2.7E3 3.4E3 4.0E3 2.8E3 1.4E3 4.6E3 3.2E3 2.5E3 1.8E4 1.2E4 3.4E3 3.7E3 3.9E4 1.2E4 4.3E3 6.3E3

0.004 18 1.5E3 1.7E3 1.8E3 4.5E3 2.0E4 6.5E4 2.5E4 7.7E3 4.1E3 5.2E3 8.5E3 2.3E4 3.2E5 6.4E4 1.5E4 1.4E4

~~r



Table-13
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Power radi.ation by a three ends fixed and other one end simply supported plate.

Rt =0;002 and different values of Ra •

, Rt min 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

0.50 4 2.0EO 5.2E1 2.1E2 6.6E2 1.6E3 4.1E3 3.3E3 1.3E4 4.0E3, 4.1E4 '5.2E4 6.OE3 5.6E3 2.6E4 2.1E5 7.9E5

1.00 4 2.6E-1 6.9EO 6.6E1 1.3E2 2.6E2 '5.0E2 1.0E3 1.0E3 3.9E3 2.1E3 3.3E3 9.6E3. 1.7E4 4.4E3 1.4E4 3.2E4

2.00 4 2.8E-1 5.6E-1 2.7EO 1.7E1 9.9E1 1.4E2 2.0E2 2.8E2 3.9E2 6.2E2 7.9E2 10.E2 9.8E2 3.6E3 1.2E3 3.0E3 '""'...•

0.50 18 1.5E3 1.6E3 1.5E3 1.6E3 8.2E3 2.8E3 1.5E4 5.0E3 4.1E4 1.2E5 1.4E4 8.3E3 1.lE4 1.7E4 4.4E5 2.1E4

1.00 18 2.7E3 3.4E3 4.0E3 2.8E3 1.4E3 4.6E3 3.2E3 2.5E3 1.8E4 1.2E4 3.4E3 3.7E3 3.9E4 1.2E4 4.3E3 6.3E3

2.00 18 5.2E3 4.7E3 6.2E3 8.5E3 6.7E3 9.5E3 5.9E3 4.8E3 1.9E3 2.9E3 9.2E3 9.7E3 7.6E3 3.5E3 3.0E3 4.0E3

Ie
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Table-14 Radiation efficiency of three ends fixed and other one simply supported plate for different mode orders .

Ra = 1.00.

•• n .02 .04 .06 .08 .10 .20 .40 .60 .80 1.0 1.2 1.4 1.6 1.8 2.0 4.0

~ 2 1.8E-7 2.9E-6 1.5E-5 4.7E-5 1.lE-4 1.8E-3 2.6E-2 1.2E-1 3.0E-1 5.8E-1 8.8E-1 1.lEO 1.3EO 1.3EO 1.3EO 1.0EO

~ 4 8.8E-7 1.4E-5 7.0E-5 2.2E-4 5.2E-4 7.0E-3 5.6E-2 1.2E-1 3.3E-1 8.7E-1 1.4EO 1.5EO 1.4EO 1.3EO 1.2EO 1.0EO

~ 2 4.1E-7 6.5E-6 3.3E-5 1.0E-4 2.5E-4 3.9E-3 5.6E-2 2.4E-l 5.7E-l 9.7E-l 1.3EO 1.5EO 1.5EO 1.3EO 1.2EO 1.0EO

~ 4 5.3E-7 8.4E-6 4.2E-5 1.3E-4 3.1E-4 4.2E-3 3.7E-2 1.2E-1 4.2E-l 1.lEO 1.7EO 1.6EO 1.4EO 1.3EO 1.2EO 1.0EO

14 1.6E-5 2.3E-4 9.0E-4 2.1E-3 3.5E-3 1.9E-2 3.6E-2 5.5E-2 1.5E-l 1.5EO

15 6.8E-7 3.9E-5 3.6E-4 1.5E-3 3.~E-3 1.3E-2 4.1E-2 5.6E-2 1.2E-1 1.5EO

" 15 2.6E-7 1.5E-5 1.4E-4 6.4E-4 1.8E-3 1.3E-2 4.0E-2 6.0E-2 1.3E-1 1.7EO

" 168.0E-6 1.IE-4 4.3E-4 1.0E-3 1.9E-3 1.5E-2 3.0E-2 6.8E-2 1.0E-1 1.7EO

4 2 3.3E-6 4.7E-5 1.8E-4 4.2E-4 6.6E-4 1.5E-3 5.2E-3 1.0E-2 7.6E-2 1.9EO

4 3 2.4E-8 1.4E-' 1.3E-5 5.7E-5 1.6E-4 1.1E-3 5.2E-3 1.0E-2 7.0E-2 1.9EO

5 2 1.8E-5. 2.5E-4 1.0E-3 2.4E-3 3.8E-3 ~.IE-3 2.2E-2 2.9E-2 1.2E-1 2.1EO

5 3 1.5E-7 8.7E-6 8.3E-5 3.6E~4 9.9E-4 6.0E-3 2.1E-2 3.0E-2 1.1E-1 2.1EO,
4 13 8.8E-9 4.3E-7 3.0E-6 8.1E-6 1.2E-5 4.5E-5 3.4E-4 2.7E-3 1.3E-1 1.7EO

4 15 1.0E-8 4.8E-7 3.0E-6 7.2E-6 8.5E-6 3.5E-5 2.8E-4 2.7E-3 1.2E-1 1.7EO

5 14 7.2E-7 7.6E-6 2.0E-5 2.7E-5 3.9E-5 2.0E-4 1.0E-3 5.6E-3 1.7E-1 1.9EO

5 16 7.1E-7 7.0E-6 1.6E-5 2.2E-5 3.6E-5 1.7E-4 9.3E-4 4.9E-3 1.5E-1 1.9EO

1.9EO

1.9EO

1.9EO

1.9EO

1.9EO

1.9EO

1.9EO

1.9EO

1.9EO

2.0ED

1.9EO

2.0EO

1.5EO 1.3EO 1.2EO 1.IEO 8.5E-1

1.5EO 1.3EO 1.2EO 1.lEO 9.4E-l

1.5EO 1.3EO 1.2EO 1.IEO 9.5E-1
c~

1.5EO 1.3EO 1.2EO 1.IEO 1.0EO ~

1.5EO 1.3EO 1.2EO 1.IEO 8.8E-l

1.5EO 1.3EO 1.2EO 1.1EO 9.0E-l

1.5EO 1.3EO 1.2EO 1.IEO 8.9E-1

1.5EO 1.3EO 1.2EO 1.1EO 9.0E-1

1.5EO 1.3EO 1.IEO 1.1EO 1.1EO

1.5EO 1.2EO 1.IEO 1.lEO 1.2EO

1.5EO 1.2EO 1.lEO 1.0EO 1.2EO

1.5EO 1.2EO 1.IEO 1.1EO 1.2EO

J
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Table-15 Dimensionless frequency factor for a plastic plate under different boundary conditions.

Ra =1.00 •

Two opposing ends free & other two ends simply supported

Ra min 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

1.0 3 7.5EO 1.6El 3.3E1 5.7E1 8.9E1 1.3E2 1.8E2 2.3E2 3.0E2 3.7E2 4.5E2 5.4E2 6.3E2 7.4E2 8.5E2 9.7E2
...•
'"...•
I

Three ends fixed & other one end simply supported

Ra min 2 4 .6 8 10 12 14. 16 18 20 22 .24 26 28 30 32

1.0 3 6.5EO 1.6E1 3.4E1 6.0E1 9.4E1 1.4E2 1.9E2 2.4E2 3.1E2 3.8E2 4.7E2 5.6E2 6.5E2 7.6E2 8.7E210.E2
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Table-16 :
Power radiation for a plastic plate under different boundary conditions.

Ra =1.00 Rt= 0.002.

Two opposing ends free & other two ends simply~supported

min 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

4 1.3E-5 6.9E-6. 5.2E-3 2.7E-1 1.lEO 3.3EO 1.0E1 2.1E2 5.2E2 5.7E2 7.5E2 9.5E2 1.lE3 1.5E3 2.9E3 2.2E3

16 2.2E2 3.3E2 5.1E2 5.6E2 5.1E2 5.5E2 6.3E2 7.7E2 1.0E3 9.4E2 1.7E3 1.3E3 3.3E3 1.9E3 2.2E3 7.5E3

Three ends fixed & other one end simply supported

min 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

4 5.6E-3 1.2E-2 6.0E-2 1.8E2 8.5E1 3.8E3 3.8E3 2.7E4 1.6E4 1.8E6 1.7E5 6.8E6 1.9E5 2.8E3 1.5E5 6.3E3

16 1.2E2 1.3E3 1.5E5 7.2E4 2.7E4 1.lE4 1.6E5 4.9E4 9.5E5 1.9E3 '".2.2E4 1.2E4 4.3E4 3.4E5 8.9E3 5.3E4 '"...

I
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APPENDIX-C

PROGRAMMING FEATURES

C. 1. General Features:

The program listings presented in section C.5.have been

developed by the author for numerical calculation of total

average acoustic power radiation from the plates. The variables

used in the program are given in table C.2.

Table- ~ 2: Definition of computer variables.

\

Variable Symbols used in
the text

Description of variables

- 163 -
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RO Pm Density of the plate material,

SLMB /\2 Dimensionless frequency factor,f
TH c/

TK 8

WNR 'I' Wave number ratio,

GM om Roots of the equation tan( '('/2 )+tanh ('('/2 )=0 ,

GPM "em' Roots of the equation tan( '(,/2 )-tanh ( OJ' /2 )=0 ,

GN °071 Roots of the equation tan( Y'/2)+tanh( P/2)=0,

GPN I'~ Roots of the equation tan()" /2) -tanh( 'f' /2) =0,

SUM The value of the inner integration of equation(4.4),

FUNC The value of the phase factor of the equation(4.4).

C.3. Procedures for calculating power radiation

The procedures for evaluating power radiation from a

free-simply supported plate have been described here.The program

is given in section C.5.1.AII other programs presented in section

C.5.2.,C.5.3.and C.5.4.are similar in nature.

The list of variables used in the program are given in

lines 8 to 20.lnput variables c,W,g, i'\ ,E, p, Pm' 6,Ra,Rt & HH are

read in lines 24 to 27 and output formats are given in lines 28

to 43.ln lines 45 to 54,the roots of the equations tan(r/2)itanh(

)"'/2)=0 are calculated. Lines 55 to 62 contains the algorithm for

calculation of amplitude factor of equation(4.4).Power radiations

for even values of mode orders m & n are evaluated by integrating

theequation(4.4) in lines 63 to 88.Cos(s/2) of equation(4.4) is

used in this .case.The output variables m,n,power & Y'm are printed

- 164 -



out in lines 89 and 90. The whole procedures are repeated

according to the statements shown in lines 91 to 93.1n lines 95

to 143,the calculation of power radiations are performed for even

values of'm & odd values of n by integrating theequation(4.4)

& taking sin(s/2) in place of cos(s/2). Lines 145 to 193 & 195 to

243 contain the algorithm for calculating power radiations for

odd-odd & odd-even combinations of mode orders m & n respectively

by integrating the equation (4.7a). The,dimensionless frequency

factor is evaluated in lines 248 to 264.Lines 266 to 294,321 to

349,378 to 406 and 434 to 462 are for the integration of acoustic

intensity for various combinations of mode orders.The phase

factor of the acoustic intensity for various mode orders are

evaluated in lines 296 to 319,352 to 375,409 to 432 and 464 to
•

487.
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C.4. Flo~ charts for power radiation from ~ free-simply suppported
Pl1>te.

\

C.4.1.

et the value of mode order in x-direction m

Compute the root of the equation
tan("0'/2)+tanhl" /2)=0

Set the value of mode order in y-direction,n

Call ASOLN which determines the dimensionless
frequency factor

Compute the amplitude factor of equationI4.4)

Call ONE which evaluates the acoustic intensity
for even values of m & n

Carry out the integration of equation(4.4)

I Compute power

\~rite m,n,power,'em

Increase the value of mode order n by 2
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Increase the root of the equation tan( -/f'/2)+tanh(0'/2)=0
by 2~ to use-the next higher mode shapes for calculati~g

power radiation

Increase the value of mode order m by 2 B

C.4.2. Flow chart for subroutine ASOLN.

'I
Subroutine ASOLN(m,n, i'\ , 6 ,Ra, Af )

Compute the dimensionless frequency factor

C.4.3. Flow chart for subroutine OlliE.

Call TWO which evaluates the phase factor 0

acoustic intensity for even values of m & n•

C.4.4. Flow chart for subroutine TWO.

Subroutine TWO(c, /'f ' '6'm,Rm,Ra,Rt,E,n, 7i ,g", 6 ,g,TH,TK,FUNC)

'low charts for subroutines THREE,FIVE and SEVEN are same as

subroutine ONE.Also the flow cl,arts for subroutines FOUR,SIX and

EIGHT are identical to subroutine TWO.

- 167 -
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H=TlfICK~lE5S cJF rill. PLt',rr:,'1!-:r' f,.S. FSPO,')140
E=IUDUlClS llF ElAC,TICITY ')1' TW, f'l,Tl "Arl'",IAl,I'H,\-/TIJ'~ PEP. METER SO.FSP00150-
R[J=SPEc;IFIC IJ[\L;IIT 'JF fH" PLAT~ '1\TcRl'.l,v.r. Pc~ 'IETER CUIlE. FSP00160
RUA=[)[W;[fY 'II' A[lr,~G "I'R "LTI." :'J!',. FSPOOl10
SI:;=PUISUll'S RATIU. FSP00166
AR=ASPE:T RAfIO,G/A FSP00190
TR=THICK~ESS PATIO,li/A FSPOOZOO

FSPOOZ20
FSPOOZ~O

/" •..F SP00240 .,,{
FSPOOZ50
FSPOOZ60'I',

II) FSPOOZ10 ,,:,:
,1,-[ FSPoozqO
I -
I I ' FSPooZqO

,FSP00300 "
,_ 'FSP00310 ,l

I"SPOO JZo i
F sr00330 ._~

,FSP00340 :i,
'FSP00350
F'SP00360 ...
FSP00310i ,
FSP0030n
FS"00390 ,1
FSP00400 ','
"SP00410
r-SP00420

' ..~
FSPOOf.30 '. I

JPEN( 1j1'IIT:;?, FILE='lJ'JT', ST,\TIJS== 'ft!:'." J
~ P E iJ ( ur I IT:; 3 , F I L::: ::: , ! r J' , S T I'T U ~::: ' ;")L r). 1
RE~D(3,qqb)C,W,~~,r[,[tR~A,D~tSIG,liH
Fl)~'1AT(F4.0/~S.~/F4.l/F6.4/f~Q.l/r~.2/~5.0/F4.Z/F6.41
~EA{) (3, ?'JB) •.\~, T!{
FUR~Ar(F4.2/=5.))
WRITE(9,9?9)
F IJR \1AT{ / f20X, • ,::,-::,'::-;,,:=,:: I 'JP'JT 'l:\ T \ ::::;,'::::":::::', / /)
WR I T E { '}, 1 (] f10 ) M~ t T r>, , C , \.-1 , r. oJ, , r I , ~: , P 1 J\ , q n , ') Jr,. "II
F] R '1l\ r ( /20 X, , ;\ ~ ,:::' , F -, • 1/2!) x , ' T":!.:::• , F 5 • 1/ Z DX •• ;:::: • ,r- ft • /)/20 x, I W:::' ., . j.

+ F 6 • It /20 X, • "":.It= f , r- II •. -"/ ;~(J x , ' P J :; • , '" '1_ f.!? f) X , • [ --::, , [9. 3/20 X ,.' ROt= i, '
,+F't.Z/ZOX, 'P.d= ',r5.f)/ZOX, '$r::;:;',F/t.zizox, ~tlt-i=',F6.4,() !;{ ,..J J"J

<lRITEII,lOOll t (':' '","~
F'JR"IATflOX,"/u'.nf:R I)l'=" )[V[';[TJS::3()',/) ' ...1 1 ;:':
Wl{IfEf'),l'JOlJ f\O"TR •
FDP'1AT( 5X,',\S0C:" r r..ATrrJ:: • ,;""r,.tt,S'(, I T:n:K'IESS Q.ATro=.' .,F6.4,/J.
t,I,-{ IT E (.~, 10') 1)
F:JR!1ATllX, UI ('-') I
wi{rTj'::('~, 101]{t)

l=rl."",'lf\r(:~X,":: '1 :~','-i;~,":' !l !.:I.'l'<,I!I~'.Ji:'"'. Q,.~')I:\;':f)'.9X.'GM/~PM')
WKITE(",lUIJj)
F :J,~II A T( 1 X , lJ 1 I • - • l , I )

1003

1004

1005

100Z

1001

1000

999

996
991
998

,', .

~~~::~~:***'~~*~~~*~****~*~*********~SP00440':
,1"51'00450, ,i
. ~"
F SP00460; '1
"SP00470 1
FSP00400' 1
FSP00490 "
FSP00500
Fsr00510 -,
FSpo05Z0 . :~:
FSpo05~0 'j

FSP00540. ~
F~P00550

Xll:::Z.?
au 1 /1:;2,32,7
X12=X ll+HI
Yll = I S I 'JI Xil ) I C'J~ I XLI) , + I S I 'I; I[ 1. II ) / CI]~" I XLI) )
Yl2 = I 5 I '~( Xl2 I I C J S I X12 I ) + I S I ' IIl[ Xl 21 I ~')';III x I 2 , )
lll=YlUY12
IFlll1.LT.0.nol GJ TO 10
Xll=X12
GJ TQ 12
G'1=Xl1+Xl2
HG"1=G~1/2.0

, -

lZ4

lZ

10

"

" ,-, f
. .'i., t.. '.

. !': FllE: FS"P. rU::'.Tf-~J\'1 /\1 1lJf:T [';'1f1IJT[:1. [PITRE, ~)HI\KA
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, ,

., "!

70

ZOO
Z

1

*

.,'

KM=-~]NtMGMJ/~lNHIHGM) r~PUUihU
UU Z ~1=l,12,~ FSPOOS10
CA.LL ASJlI,I('1,'I,PI ,:,IG,I\P" -'L,\.F\) fSf)005~O
A'11 =? v* n:) A':' ,1':'./':' AR" AP," (P I ".''',. tJ 1':.Ie " !:' {Tn." '•• 0 I * SU13« 51MB*G~ «GR FSPOOS90
HN=FlUAT(NI ' FSP00600
A'~2= " .':': ':"<:.F 11).:' ( I l. -SlG"51 G Jo>",'. OJ * (!I'h 1.01« I fiN-l.OJ FSPOO&lO '0

AMP=AMl/AM2 FSP00620
K=35 FSP00630
AH=(Pl/2.01/K .' FSPOO&40
K~=K-l F5P006S0
GS~~=0.Q FSP00660
TH=O.O .',-. FSP00670
1=1 FSP00660
CAL L LJ\J ~ ( C , 5 L :'El , G :,1, R'1 , A R , T R , f: , -.J , •• I ,;( n, 5 I G • G~ • TH • SLIM) F'S P-006 q 0
GSJ~=GSU"'SU~ . GSP00700
TH=TH'Ail Q" FSP'OO1l0
1=1+1 FSPOD7Z0
CALL U"JE([.Slnu,C.~1rRrt,AP"Tf.{,::,\I,PI,Rn,SIG,r.R.TH,SUMJ ' -' •.•.FSPO:J730
c; S U"1 = GS tJ '1 .•.(•• 0 ,;;~;'J~'" F S P 00 7 4 0
TH= nltA!1 FSP00750
1=1+1 FSP00760
CAL L ON E ( C ,S l f1i3, G~', R~1,A R, TP , !. tJ, r I ,~o, 5 I G, G~ , T4, sur~J F SPOO 170
GSJ'1=GSd"+-Z. :):;':ST1 ,.' F~POU1~O
1FII.LT.~KI 3J Til 70 ',/ FSP00790
TH=TH+AH .' FSP00600
C'\LL U\![(C,:;L'1~',,:;"1,RI""',R.,T:).,;-:,~I.PI,~rl,SIG.Gi.,T4,sur~J It i FSPOORIO
GSU ~=Gs,n+ 4. 0':' SU,'I .. , r! FSPOOqZO
TlI=TH+A.1 j FSPOOQ30
c.1, L L ().'~[ t c , r, L 'u , r. '1, f~n , .\ p, , T P , ~ , " , ,...r • :).n , S I G. Gq, • T rl , S ur-t J F SP 0 0 8 4-0
G5U:I=GSLI'hSIJ1 i .FSP008S0
GSU~=(A~/~.OI'GSU'1 FSP00860
PUdl1=4. O':'GS~.l'1"A':P ; FSP00670
,J R I T E ( ::; , ::: J H, rJ , ::> ;"] '.1("~ , r;:~ F 5" 0 0 8 R0
WRITE('1.1UDI '.',ltprJ,./(p..G'1 FSP00890

i'F rJ R '1 A T ( ') x , I :1" 7 X , [ 1, 1 qX , r~1 f") • I~, 1 .) >: , r- 1 ~: • (I J F S P 00 ")00
c~rHI;W~ FSP.00911J
Xll=Xll'3.1 FSPoogZO
CU'H I'ILI" FSPOO?30
~*~*****(:*~~~****(:********************e~;***~~*~*********~~«*&*****FSPQO")40
Xll=2.2 FSPOOgSO
[l~J ) ~'~=2, 12,2 FSPOO?60
XIZ=X 1l+11~ FSP00970
YII = I S I 'If x lll/e .15 ( X I 1 , ) • I Gr r1'1( ~ I 1 1 IVl Gil ( Xl , I 1 F S P 00 gao
n2=ISI'HXPI/CJSIXIZII'ISI'II(~l?I/C'ISII(~1.')1 FSPOD9"O I
III =Yll'i'YL2 FSPOIOOO t..J
Irllll.LT.L1.QI GI) TU sa ,; FSPOI010 ,.J
Xll=X12 FSP~lOZO
Gll II) 52 FSP01030
G~=Xll'XI2 FSPOI040
HI;~1=:';1/2.;j FSP01050
R:~= 0 S lfH lIe'1/1 S I 'JII (,:"" F SPOl 060
uo ~ N=],32,Z FS~Ol010
CALL I'S-)UJrn,:'I,p[ ,<)IG,AR,SLT1' F5001080
AtH =2 •• 1<'I'U 4':' ~":,II>:'Afl':'AR* If' !''';, r•• I ,>F'; [.:, ( T",,:," 4. "J * GR*GR'> SU1!l*SUIB F SPO 109 0
'II:J=FUJA l( 'J) FSPOllOO.
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FILE: FSPP, V!1/S~. 14331-L021
"

j I

".
I 1.../...~.

FSP01IIO
FSP01l20
FSPOI130
FSPOII40
FSP01l50
FSDOl160
FSPOll70
FSPOl1BO
F:;POI1~0
FSPOl200
FSP01210
FSP01220
F5PlJ1230
FS?01240
F5DOl250
FSPOIU,O
FSP01270
F5POl2BO
FSP012"0
FSPOl.JOO
FSPOl310
FSP01320
FSP01330
FSPOl3',d
FSPOl35lJ
FSP01360
F5P01310
FSP013AO
FSPOI3,,0
F SP01'+OO
FSPOI410,
FSP01420
F 5POl',10

FSPOlt+50
FSPlJI460
FSPOl410
F5P014BO
F~P01410
.FSPOI500 .....
'FSPOI510 11-'
FSPOI5Z0
FSPOI510
FSPOl540
FSP01550
FSPOI'j60
FSPOI'j70

, FSP()15BO
FSP01590
FSPOl(,OO
FSPOl610
FSP01620
FSP01610
FSPOl640
FSPOI650

..' ., J •

XlI=3."
Of] 5 ~1:::_\,32,2
XI2=Xll+IIH
VI 1 = ( S I 'H X 1 I I Ie 'J S ( X I I I I - ( <; l' ~'II X I I I / C 'J 5 II ( XLI) )
YU = ( S i )j ( X12 I/::J s, ( Y.l? I 1- ( S 1.'1' I ( ~ I? ) /: r, S' I ( Xl 1) )
l!1=Yll*Y1Z
IFflll.LT.O.3J ~n TQ 10
Xll:::X12
GD TJ 32
GP~=Xll+X1Z
H5P'1=GP'./Z.O
RPM= S 1)1 (IIGP") IS! 1m IIIGP'l J
00 I:> N:::), 32, ~
CALL ASJl"J ('1, ~l, p r, 51 G, o.!)" o;;L'1:,)
A111= Z. 0" RIJAHIHI:' AR':'All(' I PP~',.01 "Et,:o', ( TH~ ':",.0 J "GR"~R* SL~lB" SLMB
HN=FLLJ~r!NJ
A'12='!.0~C"~O:q(:F ((I-SIG':'SI •. )""2.(1)* (H'J-II" ('1'1-1.0)
A'IP=Atll/A:12
K=3S
AH=1 PIIZ.UI/,
KK=,-l

AMZ:::9.0~:C:;';:RJ~::~O::: ([ 1.O-SIG:::S1G)::::::2.0)':' (It'J-t.OJ ~(HN-l.OJ
AMP=At-1l/M12
K=3S
AH=(PII2.U)/~
KK=<-I
GSJ',I=O.O
TH=O.u
1=1
CAL L T III{ E t: ( C t S L nf) ,;. ~'1, R ., , A? , T;':' • [ , "I , [) I • k. '1 , S J r, , ,; ~ • HI, 0:; UM J
GS U '1'= GSJ IH S!J '.,
TH=TH+~H
1=1+1
CALL Tli~EE{C,SL~n,G~I,R~"AF,rR,Et}J,PItRn,SIG,GRtTy,SIJM)
G5IJ'1=GSLI'1+4. O*SU'..\
TH=TH+AH
1=1+1
CAL L r H R t: E ( C ., ':)L 'lU , ~~~1• R 1'1 t A~ , T f.~, r , '\J , r r " R n , S I (: , S P.., T H , S U ,.~)
GSJ'1=GSU"1 .• 7.:.0;'; ~Tl
IF1I.LT.KK) ~U TO 270
TH=TH+AH
C 4.L L T H R E [ ( C , S L MJ , r. n , R \1 , " fI, , r P.• F ,!I, PT. :),D , SIr:, , :; R , TH , SUM'
~5J'1=GSU~+4.a*SUM
'TH=TH+A!J
CA.LL TH~r::L(Ct SIJIB,G:1,R",J\l:',. ff', ',r.l', r I ,c>."r;I~,GR,T4.~UM)
GSLJ~=GS'J'.I+ SLJ'1
GSU"1=« "'-1/ j.U) ':'G:.!Y'
P J,4 t: R :: 4 • U ::~G~ .J '1 ::' /I, -.1I""l

W~ J r E ( ~: ,:;:) r.t, ~-h P ]",.Jr: R ,G " : ;
>lRIfEl,,4001 :",'I,f"J',I[~,G'i ,!
F J ~'1l\. T ( S X , I 2 , 7 X , 1 Z , 1 0;-: , ~~11) .•'t , 1 ~JX , ~ llJ • 't )
CLJ)lTII,IJ"
X1I=Xll+3.l
C~J:lrIIUl

210

400
4

3

"
32

/.' .

,.',.
",: 30

t1 C
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FILE: FSn FJ1TtA~ Al nU[T C01rUTCl C[NrRE. JHAKA VM/SP IH31-LOZ:

FSPOI'~50
FSPOI9&O
FSPOI,,70
FSPOI9BO
"SP01990
FSPO~OOO
FSPOZOlO
FS?02020
FSPOZ030
FSP02040
F5P0205.0l'l':
FSPOZO&O 1\ .•
FSPOZ070
FSPOZ080
FSPOZ090
FSPO?IOO
FSP02110
FSP02I20
FSP'J2130
FSPO'140
FSP02150
F5D02lnD
FSP02170
FSPOZ180
FSPO~l'ln
FSP02200

..
"

, ,

!I ,':. ,

1= 1
CAL L S [ i f ',j { [. ~ S L '.F, , :; P r \ , :\ f' q , 1\ ". , T" , F , ' j • PI, Q,: J , SIr. , G R , T H , SU t,,,
GSU'1=GSU'lI~.J:1

Xllo,.'l
00 7 M=3,,12,Z
XIZ=Xll+HH
Yll= (SI'I{X ll) IC:I~I X ll)) -I '>I'IH(X 111/C"l';fI( XIII)
Yl2= (SI~{X12l/C:JS{XlZ) )-1 SINHI Xl21 /CIJ'>H(Xln 1
lll=YIPYl2
IFllll.LT.a.)) ~IJ TO lin
Xll=Xl2
GJ TO ll2
GP"'1:;:Xll.X1Z
flGPM=GP'.I/Z.u
~p~= 5 I.~ (11G r'1 ) is I Nfl 1 HG P '11
DO Ii ~1=2,.32,Z
CAL LAS:J L ~~11\1, II, PI,:-; [G , I\!<, :)L ~,11
A~l=2')'RLJA'WOWOAROARCIPI~~4.I*EC~*ITR*.4.nl.GR.GR.SLMB~SLMB
~1~=FLUAr("JI
Ai" 2 =: '1 • {)!,~C '::.P.~:: R.J :~:I ( 1 .0- S I G~' S I G ) ':::~ 2 • l) ) ':: ( Ii'J - 1 • U ) ::: ( HN- 1 .0 J
A.YI'=AMl/A'12
K=3b
AH=(I'l/".UIl.~
~K=~-l
r.SU',1= o. rJrq:::o.o

;su~=o.~ FSPOlbbO
T'-t=:O.O / FSP01670
lol FSPOI&~O
CALL r'[VE(CtSL,'''it::;P,'1tRPr'''.\I~,TRtl,:'tPl,I\~J •.~[:;,GRtTri,SU~") ,I FSP016QO
GSJ1~=GSU'i+SU~ FSP01700
T'1=T'1+A'1 FSP01710
10I+l ' ... FSP017~O .,,'

.1 ": '\:~,,""tl" .~ . ,.
CALL FIV[IC.SL~J.GPM,RPM.AR.TR.[,~,PI,RJ.SIG,GR,Ti,SUMI . .• FSPOl730.
;SJ~oGSU~'~.J.SU" FSPOl74Q
T.loTH'AII .,~ FSPOl750
I=I+l FSPOl7&0
C.f,L L F TVr:.( c , S L 'n t Gor '.' •.Rr' ., , '\ p, t T? • r:: , t j, r I 'Pool. S r G , G~ , T'i , S U"" J F S prj 1 17 ()
GSJ~=G5U~'2.00SU~ F5POl7~0
lFIl.LT.KKI ;U TO l70 FSPOl790
TfloT'1',\d FSPOIBOO
CAL L F I V E ( C , S L "11-1, GPM, R r r1, •••.R. , TR , F.., r J, PI, R '), SIC;, G ~ , T -t , 5UM) F SP 0 1 81 0
;SJ~=GSU~'4.00SUM 'FSPOIQZO
T;I=T'I'AI FSPOlB30
:~LL FIVl:.(C,SU,'I',GP"',RPn,I\~ .• TR,E,!j,Pl.R:J,SI:;,GR,T'~.,SUHJ ,FSP01840
GSJ"I=GS'J'j,SU" •F5PJlll50
SSU~=(Ai/J.O)'G5IJ~ F5POIB&D
POWE~=(,.O~.GSLJfl"A"'P l I FSPOI870
t4 ~ IrE ( ::: , :',.:) ~1, n , fl J 1.1f:R , GP f' .l 1 F S PO 1 880
WRJrE(~.1I)DI n,'j,!'Dtl[~.Go'l •. FSPOI890
FLJ~~AT(5X,I2,7X.12,lOX,ElO.4,lnx,FlD.4) L: FSPOI100
CD~T1"1UE I ,I! FSPOI910
Xll=XU'3.l > .1.'\ ( ..~.,' ,\ FSDOI9Z0
CU~TINUE t FSP01930
~*~~~*~:::*:::**~(:*~~*~*****~**(:(:*****~****~***~~*=**~*~***o*********~FSP01940, 'I' I

Ii

ItO

,llZ

110

.300
b

.' ;..,.,

't "',,,'.

11, '

-,
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FILE: FSP~ VM/SP 1~331-l021

f' "

1'51'02210
F5P02220
r:sn~J221n
F5P02240
F5P02250
1'51'022&0
F5P02210
FSP02230
FSPOZ290
FSP02300
FSP02310
FSo02320
FSP02330
FSP02340
F5P'J?350
FSPOZ3&0
FSP02310
FSP023flO

,1'51'02390
FSP02400;,i FSPOZ410

• , FSP02420
! ! i ,FSP02430

:," j FSPOZ4'tO
,II 'FSPOZ450

~*~~***~~***~*(:~**~*******(~:*~~**(:*********o~o**~~*~*****~~*~*eo**FSP02460

~SJ~=t,~~/3.DI=GSU~
PJ~E<=4.0*GSJ'\*A~P
fiR If E:(:::,~:) '-1, :J, fJ fj\.IE,1 ,c.l'~~
rlRI f!:=(9, 50r)) ;1,~J,PjJH===t ,GP~l
FQ~~~T(5X,12,7X,IZ,lOX,.EIO.4,lOX,FI0.~)
c.r~rI iJJ[
Xll=Xll',.r
CD~TI'IU=
STJP
E:.D

T-1=n-j+~-j
1=1+1
C <\ L L :. I: ./ I: 'J ( C • ~ l 'j I".f '_~[='" , R r .~, .'\~{, T '~ , ;" • \1 , I.' I ,; .• '1 , :; 1 r:. , ....•11 , Pi, ~ lH1 J
G5J~=~SU;1+4.D*SJM
TH=TY+AY
1,01+l
CALL S[VE'JIC, ~L'I£3,GPr1,RP'\,,,~,, TO ,£:,"I,P1 ,o.:l,SIG,:;R,TH,SUM)
~SJ~=GS~'1.2.0~SJ~1
IF(I.Lr.K~) ~J TO 37D
TH=TH.~-j
C '\ L L :> F:.V t: '1 { c: , S L '~e', , G P q ., rY I ~ , ,1\ ~ , T!l t ': t 'J ,. r I t =t 'J, S I G , ~ R , Til, S \J r"l I
~S~~=GSJ'~+4.3*S'J\1
TH= T H + A-f
CAL L S c V;: I~ ( c , '; L " n , GP '1 , ~:tr '~, t; :'. , T :~ , :: ,. 'I ,.PI, ~C'!, S I G , GR , fH , SUM I
:; S J "1= G S:,j ;.\ +- :; U'~

7

500
8

310

S U LiR.JUT I r H:: :J'~E ( C , S L!113 , Co:'\ ,. :: !.1, ;\~. , T ~ , r:: ,. :'J , PI,. R Lh 5 I :; ,. G:t , TI it S U~1 J
HilS S~:I>'dUlI'IF IS USEf1 T'l I'IF'G'ATF THE AC!JUSTIC INTENSITY
FO~ EVE~ VALJ~S JF ~ ~\I'l\1.
K=3S
AK=(Pl/2.U)/(
KK=K-l
SU~=O.O
TK=O.O
I =.l
[ ALL T H J { [, , S L ;'1' ~ t G ;-1 , rz i~t ;\ P , 1 r..', , r:- ,. . J ,. I"l I t ~ ~}, ~. I G , G=t • T 4 , T K , FUN C )

i'i
, ;

FR5Q~5~CY F~CrOR.
,I •,

**~~***~*****~:*~*(:***~*~:**(:~*~***~:*(:(:(:(:**~*~**~~*~~**~***~*OO*****FSPOl410
FSPOZ4,QO
FSP02490
F5P02500
FSPOZ510
FSPOZ520
FSP02530
FsoOZ5't0
F5pn2~~O
FsrflZl:i60
FSP02510
FSPOZ5flO
FSPOZ~7Q

IF5P02bOO;,
'FSPOZ(,ll)':
FSPOZ"20

,FSP02b30
FSPOlb'tO
FSPJ?f>~O
F5P02660
FSP02f>10
FsrO?680
FSPOZf>90
FSP02100
FSP021l0
FSP02120
FS'P021~O
F SPO? 7'tO
FSP02150

SUf3~.J'JTI\JL AsrIL~J(I1,il,.PI ,:.1{1,,'\R,:iL'n)
THIS 5tJ:3RUIJrI:jf~ r:VAllJATr:~ 'TH:- ;)r'-':-'.I~Illt'JLr:S5
F'1=FlllATUI)
::;X=FM-f),,?
HX=GX':'~X:' (l.Q-( ~.o/(GX"!'I)))
XJ=GX*~X'(1.J'(S.0/(Gx=Pl I))
FI'/=f'lUAT(~)
~Y=F~-l.f)
HY=;;Y:::G'f
YJ=-1Y
S T 1 = GX':-::GX::: GX=:::;X
ST2=(riY*GY*GY~GY)/(A~*~?~A~*n~)
SI3=SIG"HX=Hv'11.O-SIG)"XJ':'YJ
ST4=(2.0'STJ)/(~Ri~RI
SL'~!j = 5 T 1 +-:, T ~~+- S T (t

<"TURf.
['1'/)

~
-~

, ',

"l •. '

" j

, --
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VM/SP 14331-LO

, '

:1
1

., I

J'

I. JI<fI(A'j 41 'WET UJ',~rlJT[? CEllTRE. DIIAKA

SU\1=SU~1+FurJC
TK=I~ •.A<
1 = r •. 1
CAL L r I~J ( l , S L " \1 , G 11. i::r1 , t\ H • r II , r , r I , r 1 • ~ f), S I G .• G ~ • T H t T K , .F UN C J
SU'1'=5U-I"(t.O:::::-IJ~'JC •
TI\=TK.A<
1=1.1

CALL TWJ([t3LM!,,~r1,R~.AR,TR,F.~.PI,RO,SIG,G~,tH~TK,FUNC)
SUt1=SU,"1.Z .o';.:rU'Jc.
IFII.LT.KK) G,'J Ti.) '}O

TK=TK.AK
CAL L 1.U ( ::: , r; L rn •~11. p,I' • 1\ f~ , T P , F , ~I , r I , Q, q , SIr, t. G ~ , Pi • T K , F UNC J
SU~=SU~1+4.0~~U~C
TI\=TK.4,
[ 4.:..L T w J ( C , ''; L ~'1:}, ~ ~1, r~" , !I 'J. , T P, , L:, ~1, f'l I ,7}:1, S [ G • G~ , T ~f, TI( , F UN ( J
SUi1=SU'~'-FU'~C
S U'~ = I '\ ~ / 3 • 0 ) , S \.1"1
RcrU~rJ
E \1 iJ

.FSPOZ760
FSPOZ770
F SPr1?7qrl
FSPr1?7?0
FSPOZ800
FSP02610
FSP02flZO
FSPOZ830
FSPO?8'tO
FSP0285q
FSPOZ860
F5POZR70
FSP02fl60
FS"OZ890
FSPOZgOO
FSPOZ910
.FSPOZQZO
I'S"OZg30
I'SPOZ?40
FsrOZ950
FSPOZg60
FSPOZ?70
FSPOZ?80
FSpOZ900
FSp03000j -
FSP03010
FS"030Z0
"SP03030
FSP03040
FS'03050
FSP03060
FSP03010
FSP~080
FsrOlO?O
FSPOllOO
FS"OlllO
I'SP031Z0
FSP03130
FSP031'tO
FSP03150

1FSP031 SO
FSP03170
FSP03190
FSP031g0~~)~*~:*~*C:**~~********~**(:****~*~(:~:~;~*~**~~***~*~~~~~o***~****C**FSPOJ200
FSP03Z10
FSP03ZZ0
FSPOl230
FSP03Z40
FSP03250
"S"03?~0
F SP03Z 70
FSI'03Z80
FSP032?O
FSP03300

S LJ~.\~ !J! JT I ",J:-.: r ~I J ( ::.. , S L "1'.', , :::;'.1 t f"l '.1 , :\ n. , T:"' , ;-: , II , PI, q, !1, S [ r; , GR ., TH ., TK ., FUN:: ) I

I~IS S'Jir>"JUTI"IE IS USErJ Til Dl'TcR'II'JE TH!c PH~SE FACTO~ .oF HiE
I\'LJJ5rIC I~'Jlr.'JS[TY FUR ll/f~~1 VALUr:S 1F .~ I\\jf) 'I. j i :~I

1\ II = ( '; L '1:\':'c ;, ,,". , II '1. J', ~:1'< I 1 • f) - ( 5 r ~" SIr;) ) I
4LZ=SQ', II ~Lll
~L=~LZOI'I*PI'T~'CUSITH'.SINITK'/C
AS 1 :: ( S L ''\:) ,;-:[~: :; D. ) I (3 .• u::: ~ f] ::' ( 1 • '")- ( ':. [ r,~,.s I G ) ) ,
~SZ=SQHIASI ,
~S=~S2,pr*PI'A~.TR.SIN(TK)*SI~(r'iI/C
;C\1:: ~:-11c. 0
5 T ~:: r, ~1~;S I ~J( lIe 'I ) ~:CUS ( /I. L I ~ • 0 I
ST6=AL'CUSI!f~~"SI'11~L/?O)
'; 11 = ~ :1(' S [ '( rl ( 'C" I ':'C'l S I AL / ~ • C) )

ST8=4L'CJS~(~C~I.SlNIAL/Z.OJ
ST9=C'.JS( ASIZ.o)
~'I=FLi)4TI\I)
srI') = ( ~ S', ,\S) I ((PI', PIP ( it '(- 1• (J , " III'J - 1.0 ) I -1 • 0
S T 11 ::(;'~':~:;"1- AL(:Al
S T12";;; G~'l-~:;"'"t., L (;I\L

srI3=ISI5-STS'/STll+M~*IIST7.SIR'/STI2)
STI~=ST9/STlJ
~U~C=~Tl~*ST13*STl4*5Tl~*~I'lfT~}
~ET Jq;'j
Er~D

5 U i3 ~ U UTI ~l[ T -f IU::E ( C , 'j l ""I'1 , r; '1, R)~ , .\ Q. , T ~ " r ,U " PI. ?. 0 , S I G ,GR , n" SU M)
THIS SUln~JLlTIIJ'- IS USED T') l'JT[r;PHf THf ACJlJSrrc INTEN~ITY
FJ~ i::VE'J VALJEJ JF r.., A'JU 'J!.l8 If~LU[~ r"lF q.
<=30~,=I Pl/2.01/<
K<=~-I
SU'1=O.O
TK=:J.O
1 = 1
:HL

FILE: FS?~

90

*
**

*

.,

~.,-

'".'" .

• l ~

.'.,'

. ,

.' .

I" ..

( ,
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SU~=SU~'FU~~ FSP03310
TK=TK'A( 'FSP03320'
1=[+1 F5PO:\1"30
: <\ L L r [J J :~( '::, :. L '1 1, C '-1, R " , A r. , Til. , r~,r'J , I) r , f{ U , S r :; , GK , TI i, T K , F i.J NC J F SO'0 ':\3 4 0
S!J'~=SU~'~.O"'FU'IC FSP03350
TK=TK"< FSP03350
1=['1 FSP03370
CAL ~ F [] J:'. ( C , S L ," It" G~1, R ~.,• ,1\ ~ , r.~, F • fJ , r I ,R], S T r; ,r;~, TH , T K, F U Nt J F S P 03380
SIJ"'\::;SUll+Z.fJ~'::U'J: FSP03390
[F([.LT.'CKI ;:J TJ 290 FSP03t.OO
TK=TK'_C FSP03410
: ALL F n J) ( :: , :;L T-) , :. 'A , R 'I , f, ,?, , T':" , :~ , 'I, P r ,P..~Jf '.) I :. , ":'.?, , T f" T I( , F U NC ) F SP:0 3 420
SU'I=SU'I.~.o""r.)',IC 'FS~03430
TK=fK"K FSP03440
:AL:... ,FUJ!~(,:, SL'n,G"',R:~,M~', r;{ .l,IJ,PI ,R~J,SIG,GR,TH,TK,FUNt) FSP:J3ft50
SU~= SUfl.FU'J~ ,.', _" FSP034&O
SU~={AK/3.0IoSU'1 FSP03470
R~ TJR~I FSP034gl)
E~) FSP03490~~~~~**~*~~*~**~'****(:**('**(:*(:~*~:*****(:*******e***~**~=**********F5P03500
~~~~********~~*'~*********~***C:****f:**~*~*~****~**$*=~~****~*****FSpn3510
SUI}~ UUTI til r J'JI~(C, '>U'l11 , :,;'1, i~'19 h.1~,T:;>" f,: ,1'1, PI, p.~, 51 G, GR, Tit f TK tFUNC J;' FSP03520
THIS SU'IRiJUTl'E EVALLJA'[S Tiff, "HAS" rAe frJr, ')F HiE ACJUS7[C' ;, ' , I I 'FSP03530
INr=,'~SITY F:Y, [~'/~!'J VAL1JF:; OF' '\ ,,'El :l'Jf) VI\LlJE5 OF \I., 1 ~ ;:., FSP035ttO
AL1=ISL'H"E>;P,1/1 1.O~RO>II.Q-[S[GOSI,,))) "1 :\i i'I".- FSP0355::J
AL2=SQRfIAL11 ~',,: \' 'j FSP03560
• L= AL2':'1' [,', PI:' P ",[I)'; (Til) ,',:; I'll TV, I /C ' !, FSP03570
_SI= I SL,'IiJ<ol~~id/( 3.U"IUH I.Q-( q""'SI,,,) II FS~035BO
AS2=SC~TIASI) FSP03590
AS=ASZOPI':'PI:'A<,:oTI":'SI'llTV,)':':;['J{T'II/C " FSP03600
;~~=;~/2.U FSP03610
5f25=S~>5[~(~~~IOCJSI_L/2.nl FSP0362D
Sf 2f,=ALO,,'JS ('1(;'11 ':", I 1.1(ALI;>. n I FSP03530
ST27=GH.SI~HI;G~I*CJSIAL/2.0) FSP03540
ST29=AL'CUSIIHG~ICSINI~L/2.01 FSP03650
ST2'1=S['11 _sn .0) FSP03650
HII=cUJ,HI~ll FSP03570
ST3 0 = I - S" AS I II ( P JO P [ I <'I IlN- 1 .01 " I H;j- I • 9 ) ) -I • 'J F SP::J3 5 8 0
ST31=G~o;~-AL~AL FSP03590
ST~2 = (; ~.hG'.~+ .•\ L~~1\ L F SP0 3 7G11_._',:
ST33= (Sf(5-r,T26)/STH.~I~>( {STZ7'Sf2'JI IST3> I : FSr0371l)1 r"
ST3\=ST~ry/sr:lu FSP03720
FLJ~: =5 T3 3":; r 3 J" ~T3 40 STV," SI ';( T< ) F SPO 3730
RETU~~ FSP03740
E~) FSP03750~*~~~*~~c*~*~**~~**~*~***~~**)***~~~*~*****c*=**~)*~**00*********FSPJ376D**~~*~**(:*****~*******************(,*******~******~**~**o*o*******,FSPD377D
S U fJ.~J V T 1 \j C. F [ V f=. ( C , S l'1f\ , G r'1 , R P ." J\ t'. , fI~' , E , ~l, PI, P.0 , 5 I G , Gq , TH , SUM J F 5 P 0 3780

THIS SU,H~JUrr'E IS USEe) Tn ['HEGR_TE THE ACJUSTIC, INTENSITY ,',","-, FSP037~O
FD~ lOO VALUES IF M AND fJ. ' " '- FSP03BOO
K=3, FSP03BIO
_C={PI/~.O)/K FSP03820
KK=C-l FSP03830
SUM=O.O FSP0384J
TK=J.O ,FSP03B50

FILE: FSP~

2'/0

~

*

r.-';-: ~,. *'

F]R T:>.A\I At nUr:f :f)'lrlJT~~ cLt!rRf:, DHAKA
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FILE: FS~~ ~J~T;tA'~ Al RU[T CU'4"UTE~ CENTRE, DHAKA
VM/SP 14331-l0Z1

"

;" '

.":1'

'. l.

, '. r-...•, \
' ( i. ~.
i' \',

'.

,

FSP03B60
FS'03B70
F$P:)3~~O
FSP03890
FSP03900
rSP0.3'1l0
FSP039Z0
FSP0.3930
FSP03?~O
FSP0.3950
FSP03960
FSP03970
FSP0.39S0
FSP039QO
FS~O~OOO
FSPO~OI0
FSP040Z0
FSP040.30

.',FSP04040
FSP04U50
FSPO',060
FSPO~010
FSPO~080
FSPO"O~O
FS?OHOO
FSPOH 10
rSPO~IZ0
J=$P04-130
F$?OH40
rSPO~150
FSP041&O
FS~04170
FSP041BO
FSP04190
FSPO~Zf)O
FSPO~2lr)
FSPO~220
.FSPO~2 .'0
FsnOf.Z'tO
FSP!J4250 ..
F$P!)~2&O II."
FSP04270
FSPO~280
FS~O~ZQO
FSP(Vt'300
FSPO~310 .
FSP04320~~(:(:~~~~~*~*~:**~~**(,~*~:(:~**~:*(:*****~****~****C*****FSPJ4330
FSPO~3~O
FSP04.350
FSPQ'43Sa
FSPO~370
FSPO!t3'30
F ';£104 3~a
FSP04400

r = 1

CALL ~IX(C,5LMBtGP~1,RP",AR,TR,E,~,P1t~O,SIG.GR.TH,TKfFUNC'"
5 U'" :::SU >1'" r U!-,JC
rK.=rK.+~K
1=1+1

C 1\L LSI X ( C , ::;L "'n, G r ._~,R P '.', A R, Yr, , [- ,U, PI. R I), S I G, GR, TH, TK, FUNC)
SU~=SUM.4.0~=U~C
TK=[K+.~
1=1+1
: AL LSI X ( C , S L '1J, G P ", R P '1, A 0: , TR, t~, r J, PI, R 0, S I G, GR, TH, TK" FUNC)
SUN::: S tj'-1. z. o~FU'IC,
IFII.LT.KKI ~o TJ 190
TK= TK+A,<

CAL L SI-X (C,5 L,'1B,GPM ,p.r'." "R, JP. ,r: ,tl,PI. RQ .• SIG,GR, TH, TK,FUNC)SU~=SU1.~.O~F~\J:
TK=TK+A<

: A.L LSI X Ie,s L T1, G r1'1,R P '1, A f~, n~, [ .•N .• D 1 .•,~f) .•S I G .• GR .• TIi, TK, F UNC )
SUVi=SU\1.FU'-j:'
SU~=(AK/.3.01;SU'1
RET UR'"
E'JD

S U1."t JUT I ~JE :; 1X Ie .•S U'1[1, GP \~, R P " , ,'R. .• T~ , ':: .•U, r J .• it 0, S I G, t;q , TH .• TK, PUNC J I

T~l 5 5U'JRIJIJTII,E EVALUATES TIE rHA$E FACTOR JF THE, AC[iUS,TIC 'j,:: '
INE'JSITY FJ~ [)')Il VAl.UES 'IF " \'Hl 'J. ' , ,
~Ll=ISl.~U.E.SRI/I].O.R[).(I.[I-(SIG.51~III
AL2=SQ.HIAU J
~ L = ~ L 2 'n~.PI; [' I ,< [IS ( HI) ~ ~ 1 'I( TK I Ie
A S 1 ~ ( S L 'FI * [ :'~'{J I I .3. 0 (, R '.1<'1 1 • [) - ( SIS" S I CoI I J
AS2=5QRl (A5ll
~ S = '\ 5 2. AR. T ,1. P P P 1(' 5 I 'll T~ I ':' 51'.' f TH) / [
YGo '.1= :;P'.l/ l..~.'
5Tl5=GP',.eJS( IlGP'1 PSIIH AL/2 .'J)
5rlb=AL*SlNIHGrl\~)~CJ3(~L/2.0)
5 fI 7 = AL :' 5 r 'I 11 If:; r ',' J ':' = J S I ~ I. I 2 • ') )
5TIH=GP~.~DS~(IfGP~Jo51'JI~L/2.JJ
STl?=SI'IIASI2.[)I
H'1=cI.JAT(q)

ST2Q= lAS~'\SJ II ("["Pl I*lHN-l.01:' (-j"J-l.D))-I.Q
S T2 1 =GP'1:' G P': - AL" AI.
S T2? = r;p ',1':: r.;p'l t, .\L ~ f\ L

STZ3= (STI5-Srt6)/ST21+RP~. « STl7-SfI.lI/ST221
Sn't=STI?/STZ~
1=U \J ::. :::.s T ?. "3':: 5 T 2 3::: :-.T Z't :;: S T Z't~' <:; r "1 ( T ": )
RETUR,I
E.'I)

$:.1"1=0.0

5 V g R uVT [ '-l E :i C v r: j ( C , S L 11..1:\ , :--, j)!1 ,.r. :' '1 • '\? , T;~ .• F • 'I .• D I ,R J , $ [ G , GR , n~,SUM)
[rlIS SU31]LHI'~C IS USC] Trl I'-IT"r;R~Tr THe ACJUSTIC I'HENSITY
FU~ JUO V•••.•LIJr:5 ='Jf- ',1 A'JI) r:VF'J VALur~s r.Jr 'I.(=3;
A.K=(DII2.[))/~
(K=(-1

**

**

*

I

..

190

[.

'"' .

. , _.

:.' I

, ..

','

,..

"
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FILE: FS'~ FJ"T<A'I AI 1lJET Cf)'~~UT~~CE~rRE, JHAKA VM/SP l't331"L02)

390

1':'" " ~' ,:.., :'l.

/';\., .

,I;

,.
,. ,.,.,.

". ~.

TK=O.O F5P04410
1=1 FS~04420
CAL L f-; r '; 1 r I :. , ::; l \1 l' ,~P '.1 , P p ~1, 1\ i~, r~, r. , .J , r I , ~ r I , 5 I G , :; R , T ~I. T K , F IJ N C J F ') P a 4 't J 0
SU\l=SU'''I •.rU'J( FSP04440
TK=IK+AK FSP044~O
I=I"l FSPO'.'.",Q
: A L ~ F. I :; .1r (~, (;L '.11\ • C PM •. ~ P ~, • 1\ R • T ~ t r:. , 'I , ;> ttl, 0, S I G , G P. , T H, T K , FUN C t F S P 0 4-4-7 0
SU'~=SU"'4.[):,c~J'JC FSP044BO
TK=TK+A~ FS~D44?O
1=1+1 FSP04500
CALL EICrlr(:,~L'19,~PH,~P~1,AR,T",F,'I,PI.~O,SIG,GR,TH,TK,FU~Ct FSP0451Q
SU

I

1:::SU"1+2.0::ru'l:: FSPC'!t5?O
IF( l.lr.KK) 30 TJ 3'70 FS~D4530
TK=TK+A~ FSP04540
:All EI3Hr(~,Sl~"tGP'1tRP'ltAR.TR,E'~tPI,~DtSIGtGRtTHtTKtFUHC) FSP0455D
SU~=SU~'4.0~FUNC ,_, FSP04560,
TK=TKtA< FSP04510
CALL ErG ..lf (C, SL '.,;~ ,Gpr-', 1P'1, AR, TQ, ,E, 'I,f> r, ~o, SIG,GR. TH, TK ,FUNe J • .FS"'J4-5RO
SU~=SWI+FurjC ,.'.. . FS~045?O
SlJ~=(,\KI3.0P5~)i1 f'SP04600
RcTLJ~N FSPO!t610
E~) FSPD4620'~*~~~*~~*******~**~*~***~*~*c:~c***c~*=***~o**~o*~~**~****~~*****Fsp646~O
sun.-:t :1urI nE c: r GHf ( C , SoUl!),. :; P" ,P r '.', A~. , T R t E, !'I. PIt RJ t S r G, GR t TH, TK, FUNC t F S P D!t b 4 0
TYIS SU'\ROUTPJE FVAllJATES rilE PIIAS~ FACre!", '.JF THE ACJUSTrc "; FSPD4650
INT!'~SITY f'[n 'l'lQ VALUES 'lf' " ,\'lTJ ~VE'J VALUES CJF~. ' .\. ,", " FSP04660
Ulo(SL'ln"C:'.;P)/(3.0<"'J"11"J-ISI""5IG))) (i l'"l Fso04670
Al2=SQll(All) . FSPD46BO
.l=l\l2~Tl.PI.PI.CJ5(Tfl)05INlr,:,/: FSP04690
ASI= (SlT.h"':'Gn/( 3.0<'P,l':'II.'}-1 51;;"51;,)) J FSP04700
AS2=SQ~T(ASl) FSP0471a
AS=I\SZ';A~.H:'PPPI<'SI'H 'K)';'SI'IIT;ll/C FSP04720
YSD~=GP~/2.0 FSPD4710
ST3 , =GP'1" CO'; ( !IS? '\ , .r,S 1"1( AL/2. ') J F SP 0414 0
SrJ"=AU51'1l'13P~).r'r.US(ALI2.0' FSP047,0
sr~7:::AL~:SI'H(HGr:1)~'COS(I\L/?')) "j FSPJ4763
ST3~=GP~'CJSY('IGPM)OSI~IAl/Z.") FS~D4770
sr4J=CIJS(A5/Z.0) FSP047RO
Y:~==lOArIN). FS~04770
S f't I = ( AS' A5 ) I I ( P r <,P I 1<'1 IHI- I • ~ )(> I 11'1- 1• a I ) - 1 • ~) . F SP04800"1'" ,I
ST4Z::::GPf~(~GP;1-AL*AL :F~P04BlO f..)'
ST4-J:::.;p'.nc:.P'1t-t\L.::Al FSPJ!t920
sr4~=(ST3~-SrJS)/sr42+~p~OI(5r17_513q)/ST4J) Fso04630
ST~5:::5T4J/ST~l FSPO~840
F U \I : = :; r 4 4-::: :. T 4/, ,;: 5 T 't~;':~S T (f :) (: S [ 'j ( r < } F spa 4 q 5 ()

RLTUR~ . FSP04B60
' E~O FSP04B10
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FILE: FS~:' VM/SP 14331-L021,

*
*
*'«
«
*
*
*****, ***

,*

10

999

124

rS~OOOI0
F'Slt00020
FS~30030
FS~00040~~)~~**~~~*~~~~~~***(:(:~~****~*(:*)~)~*~*~*~**oc~c*t******.***~*o*FSR00050

~:::)::l,:';:'::::::::~:':::;;::::;':'::-::,::,::~:,::::-:(::: L I"ST l~~ V,'"' r "':\I.i:S '('.::~:(::::,:::';~(:::-:(:(:~f;~6:".o';:";f,rf,:::f;. FSQOOO~O

~**~~***~***~**~**~*****(:****~**~********~*********o*****00*0***FSR00070
A=L"'IGT~ UF TilE PLATE 1'1'~ETi:P'S FS~00080
B=dIOT-1 Jr T"le PLAH: I'J 'l~EP_~ F5~nJOoO
AR=~SI'E:T ,AU'], LIlA F5~OJI00
[=VEL:.JCrTY Jr: S]UH,) f'! 1"'~Tro.S Pl:~ S~r:.Tl~) Fso,ODIIO
RJ=fltIG:n JF lH~ PLI\T(~ '.~A\r::~Jl\l n~~~U'!tT V'lL'J~1E 1'1 KG.PER C.H. F':;~OCJ12n
~[)A=J[;,5IfY)F ,!'i I'!<G.prp, C.,". FS~Of)1~O
W=A~P[Lf~UE JF 'V[ARAf!JIJ Fs~oal40
PI=A CJ'JSTI\'lT f.::J. TJ 22,0/7.0 FS'.08150
i~=ACCELA~ATION DUE TU GRAVITY I~ ~~TERS PER SEC SQ. FS~ODlSQ
I~ ~ETE~S FS~OOI7Q
E=~1JiJLlLJS ;),- EL,\STICI TV 'lr T~'-: PLf\TI" r.1Arc'l r.\L I~J Ur.HTlJtJ PEP. ~~.SQ. FS".OOlgO
~~)****~~*~*~**~~**********~*~:~*************=*~**~**~O**~.**.****FSROJl?O
O'PE\'(U'Jlr=R,FIL~=tr)Ur',STI\TUS=tNEW' J FS~01J200
J P = .\1( U' II T :: :3 , = It:.. .:: 'It I' , -; T f\ r lJ ~ ::; r 1L )' ) F S ~_0 r}2 10
::U:f~(J( .3,T1~JC,H, ;R,PI ,F,'ZDA,Rll, ,)Ir.,IIJ,1 FS~00220
=J~~.TIF~.J/c6.~/F~.2/Fb.~/E?~/F4.2/FS.O/F1.1/F6.41 FS~OQ230
t~'OI3,J~81.~,IIN~ FSR01240
~O{~'T(F4.2/=~.ZI FSR00250
WRITEIB,91?1 FSRQ02bO
FJt~.TII12JX.' ••• * •• [~PUT '\T ••••••••• 1/1 . FS.D0270
W~ITE(1,lOOO)A~,C,\~,GR,PI,~,~'J~,~1,~rGt:~4.W~R _ .;! FS~002BO

1000 I F J ~ "l Af ( ?. 0 X , t l\ R.:::t , F:. • 1/2 f)X , • C = • , F 4 .• :.J /2 f) X, I \4= t ,F (>.', /2 OX., • GR'=" , F 4.2 F S ~ 0) 2 90
•.12 J X , • r r .::t ,!= S • 'f I 2 0 Z , I :.= • , [') .• ,/ ~q X t • P.I:!\ .:: •• FIt. 2/20 X, • R l):;; • ,F 5 ~ 0 I F 5~. 0 J 300
+/2::))::, '51 :;=' ,=3.1/2.I)A,' HH=' ,ro.4/2L1Y..,'w~I~=' ,F5.3) FS~00310
W~I flO18.[OOIIAP.•WI~ FS~00320

1001 F.n.1J\T( .»(, 'I\:"",pr-:.: T :t,\Tr]= • ,r[,./t,~X,' 1,1'1r.=.,F:;'.(f./) FSR:OO:\30
NRlf[18.1~OZI FSR01~40

1002 FJ~t1l\ f( IX, 75( "::') ,It IX,ZD( .{:') ;IX, 'lJ!fff'lJT P~5IJlTS ',3S( '*~) l' FS~JJ350
t-/,IX,75( 1:::1) ,I) FS:t003':lO
Nil[TEI8. [00:1) FS~00370

1003 FJ~\1A f( ZX,';:' .~ .;:, ,':iX, ,~: 'I ~:•• lX, 'r;'~/Gro"., 'lX, '::t40J\TI3\j EFF'[CJENCY'FS~03180
',I) FS.00310
~ ~ ~ : ~'~ ~ ;':~:;;:.:::~:~:~:~;;:.~::;: ::::;:;:(: ,;::;:(: '::::-:':: '::~:::: ,;::::".:t:;: :::';: ::'*:;:;;:::': ~::.:*~*t::**~*~*~*~*~*****~~~~~~:i~11>'
OJ 1 ~=2~lS,2 FS~00420 '
KlZ=Xll>!fil FSR00430
Yll = I 5 I 'j( X [ [ I I CJ S ( X 1 I ) I • I 5 I' l' II X II I Ie '1 S I-!I X [ 1 I ) F 5 >. () J '. 40
. Yl Z 0 I S I .~ I X I 2 ) I C'J <; I X I 2 I I • I ~ I: (Ill Xl' ) Ie 'F,,", ( q Z ) I P ~, 0 J '. 5 0
lll=Yll~Y12 F5~014bO
IFllll.LT.O.JOI G') Til 10 FS',01470
Xll=X12 FS~01480
G~ Tl 12 . I FS~Dv490
iH=Xll'XIZ FS~DJ50D
-1u'I=:;11/2.0 FS~0051a
~ ~I= - S .l ." 'I G'I I Is [ \lIll i!G': J l=SRv 0 5 20
OJ 2 ~l=2,lb,2 F5DODS30
....1;)::;1.1-1 FS~O'J5!tO
NP='I-[ FS~00550

C.5.2.~~).J:;~A," F,J~ ::Rr::'.:-5IT-'lY o;')P;--"~:~Tr!) f)Lfl,fE(qAOI!.Tln'J EFFICIENCY)

996.
997
998

. -'

,-

,,,"

,,"

',:-"

II!' ;

,.
,.

',' (l\ r.
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\

VM/SP ('331-LOl!

FSqOIOOO
FS~0[010
FSqOlOlO
F5',01030
FS~01040
F5~01050
F~~Orr)bO
F5,01070
F5~010~0
F~~)lOOO
F5,0[100

!,

•

i, ,

T-1=r'I+~'1

CALL D'\iE (C ,H'J~, ~:"",r~i1,AR, TR,!:, ~',N, PI ,P..:J,S.T!;. ~R, TH, 5lJ, ..1)
GSJ"'1::GSU'-1. SIJ'l
:; S 'J \1:: ( 1\ -f I 3 • ,] ) ~: ::;.:; t I' '1
-iT L:: L.J" f ~I:'J( G'1) ) /G~1
'IT 2 ~ C 'J 5 I,H [; "1) (. S I " "'1 'I G" )
H T3 = S I 'J( HG 1 I :. C J S '.1 ( ; 1'; ., )
~ Tt,= I 't. 0 H ~ ) I:; "
~T5=I.o+ I Sn~IG\lI )/:;:\
4 T S:: K 'H: ~ '.,
H r 7 :: H T 4 :=: ( '-I T 2 • :t T 3 J
HT3='H5>HS
y T:~:: '-i T 1 • '-1r 7" n-'1
SHot :;SU'g'A"PI II'IT?
W~IrE{~,~JI1,~,~M,S-f
rl~[ TE{l' ,222) '.','1, G.'1,~11
FJ~~~TI4X,12.7X.ll,4X.FIO.4.7X.EIJ.4)
CO~TI"liJ[
X[[=Xll"\oI
C~~TINLJE

F:;~005~0
r~~O:JS1l')
FSl.JJ5i30
"S~005"0
F5'.00.&00
FS~,)06l0
"S~005l0
FS~00030
r :;=!.OJ6"'tO
FS~O)o.50
F5~00050
FS'.00570.
F5~005BO
F5',00590
F5~'Jnr)0
F5~00710
F50.007l0
F 5'~ 00 730
FS~00740
FS~00750
F5~007&0
F5',0077r)I.
F5R00780

, F5R00790'
F5~00Bno
FS~0r)810
F5'00820
"5~00830
FS~00840
F5~00B50
,FSo00850
F5~00870
F5~008BO
FSRa:J~?O
F=5~Q:1Qna
F5~OJ9[0
F5~00"lO
F5ROJ'130
FS~OJ7!.O
F5800950' ,
F~~00950 "\. .~
F5~0r)970

• FSR009ao~*~)~**~o****~*)*~****~**~~***~*******~**~****~**~********~*******FS~OO?90

F T [ = I [, 4 • n.:.CI'n.:.,I 'JR ) " I A R ':-:.H' .:•• ~r , ( 'l'" ',~ II" P. )
Fr~~."J!)~:\IP';:PI ::1'1
A:-.q'1=,:rl/11Z
,< = 3 ~

~H=(nI/2.')/<
KK=(-I
:;SJ~=O.O
Pl= 0.0
[=1

. CAL:" 0 \l E ( C , rI \11 , :~ ,~ , R '1 , A K. , T R. , E , .' t t r'J, r r .1' R ~l, S I :; , :.; R , TH , S ur.1J
GSJ'\= SSU~+ SU'1
TH= f l"+A ,-t
1=1+1
C A;'" L a \J E ( C , W\I ~ , J ,'1 , R t1 , A R , r R , [ , 11, r,1 , PI, R fJ , S I G • :; ~ , TH , SUM)
~SJ~=GSU~.4.0(:S~!1
rH=TH+A.H
1=1 +1

CAL L !J N E ( C , .,' \P , ~.:.:1, !-',:1, ;V'. , T J\ , £: , '-I , !l , f) r , D '] , ') r:; • -;R , T H , S U:1 J
GS~~=GSU~+2.0~5~J'1
IF([.LT.KK) :;'J TO 70
TH=T~+~'1

CAL L lJ'.JL (C ,(J'J~, .;:1, Rf1, A~, TR ,[, '1,IJ,r [,R ~1,:'1G,-;q, TIt, SU,.,)
GS~~::G~U~~.4.a~S~JM

XIl=l.l
OJ 3 r-1:::;2, 16,2
X[2=XIl'HH

Y1 [ = I S I 'J( X [ [ ) I CJ S ( XII) ! + I S I 'I'll X 1 [ ) Ie O_SH I X 1 I I )
Y1 2 = ( S I 'I I X 12 ) Ie 'J S I X12 I ) + I SIr Ii 1( X1 2 !Ie (1SH I XI l) I
ll[=Yll>YU
IFIZll.LT.J.J) ~J TJ 5)
Xll=X[2
GJ fJ 52
:;"'1::Xll+X12
H~~1:=r;'.1/!..Ll

70

- 178 -



FILE: FS~c _VM/SP 14331-l0ll.

lH=IH+A-I
:: ALL T -t P. ~ I:: ( : , '1' n , G" , r~~, A ~ , r r~, r~, 'I, n .•r r , P "J , S T :; , G~ t T"i , SUM)~sJ "1= G:,LJ'.: •. :;'j"

'..

" ,
"

"'i '-.

.270

'too
't
3

32

~M=cSI,~I-l~"ll/SI'IH(HG~ll
~]"+ t~=j,16,2
~P=~-I
~r=',-I
FT3=(64.JOH~~'~iRI~IAR'HP*MPtl~r*~")/AR)
Fr-. =\lP~:\~P'::PI ;:PI
AM"2=FTl/I'f't
K=3S
AH=("ln.:JI/<
~K=<-l
;;SJIof=O.U
T4=[).0
I = 1
CALL Ti-HE[: «( ,.,.r,lR,Gt',Rtt,AR, Tr:,E .11t~~.PI ,P.J,SJ;,G,~,TH,SUM)
:; 5 J '1:: CS'JI~ + SU'~
Ti-f=f!-i+Ari
1=1 t1
:: AL ~ T -i ). E '.: ( C , r/' J ~ , G I 1 , R '1 , AT?, T fl, , E , I", I~ , r I ,P.:1, s r :; , '; ~ , T"" , SUM J
GSJ~=~SJ~.4.0~~')!1 .
TH=I'itA'i
1=1 t1

CALL THREr: (C, ri'\~'~,G~',RI', ARt T RtE, :~,i':,PI ,R'l, S I"; ,GR, Tf-i,StJ'O:;SJ~=GStJ~+2.J*SV~
IF(I.LT.KY..) :';1 rn 27/)
T"l=I-ltA-I
CAL L TH ~ E r~( :. , ,.r Ii'. , G'1 , JUt, A R , T ~ , r: • ~1, ., , PI., R ') , s r G , G ~ , T:f , SUM J;
G~I.Jl1=SS:.J'.1.4.0'::'.)iJ'~ '(: ,

G S J '~= ( A -II ) • U ) "G <; IJ 'I
-i r 1 :: 1 • 0 •. ( S I \J ( :::;. f) ) IG .,
-I 12 = C J S ( H G '11 ~ SIT I ( W; "\ )
HT)=SI~("lG~I~COSlllliG~)
-tT ~t=(4. :J';: ~ 1,1) !C'.1
-I T 5 ;: 1 • 0 +- ( :; [ ~~ -f ( ':. '~ J ) I:; :1
-iT~=~~-I~~~....,
'-iT7=!lT4::(HTZ+-llTJJ
..•fg =li TS:: 'IT~.
fH~=cHltHr7. H,l
SH= (~SU'1"'A~"? I/'lT'7
tJ ~ IrE ( :: , :: ) \1. 'J , ::-.'1, S11
,.;~[rt (B,~tOD) :"'l,'J,C'"',:.H
~~~1~T(4X,lZ,7X,I2,4X,FlJ.~,~X,r:18.~J
: ,J~T TrW':
Xll=XI1'3.1
CJHIN!JE

XII=3.'
ilJ 5 "1=3,IS,2
XI2=XlI'if!
Yl I= ( S [ 'j( Xl I IIe J S (X III )- (S I''!II(X I1 Ilen:; "1( X I) I J
Yl Z= ISI~ (X I2 )len S IX I2 I)- (<; 1'1'I(X I2 Ilen:; II(X I2 ))
1.11=Yll;:Y12
If-{lll.LT.O.)) ~Q Tu 10
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FSR01110
FHOIIlO
FS~Ol130
FS~Oll'tO
FSROl150
r-5~OlL&O
FSR01170
FS~OIIRO
F~1011?0
FS~01200
FS~01210
FS~OI2,~l)
FS!W1230
FS~312't3
FS~01250
FS~01l60
FS~01270
F~p.o12eiJ
FS~01290
"S~OI30l)
FS~01310
FSROl120
FSROl330
FS~0134l)
FS~01350
FS~01300
FS>01370
"S>01330
F SI\OI 390
FSROI',OO
FS~OI'tIO
FS~01't20
FS~01430
FS'.01440
FS'01450
FS~f)l( •.~O
FS~OI't70
FSR01't30
FSROl490

,FS~0150311
F~~Dt Sifl t"
cS~~15~O
FS~015)O

'FS~31540
FS~01550
rSR01560
FS~01570

FS101590
FS~OloOO
FS~01510
F5~Dl!J?-D
FS~Dl"30
FSRDlb4D
FS~01050

.,



FILE: FS1c f:QR. TRA'J At BU::.r C:j"1PUTr::;~ [CUrRE, O!-It\KA , VM/s~ (~331-L02'

FSROZI60
FS~02170
FSR02180
FS~OZlQO
FS~022'l.o' .

Xllo.l.9
OJ 7 '-1=~,16,;~
XI20X 1l0HH
Yl I 0 ( SI "J ( XI I ) ;: J $ I XI I ) I - I $ r '!' II X1I I I: :l:; III Xl I I I
YI?o ISI'1l XU I/C JSIXl21 1-( $1'J'1( XIZ) ICOSHI X121)

XlloXI2 FS~01660
;J r~ 1~ FSROl670
:;P"1=XIl'Y.lZ FSP'(1l6~O
,f(;P'.loGPV<,.u FS~01690
D, P '1::: 5 I 'II d (; P I,~ ) / S 1 r.J it ( HG P "1 ) F S ~ 0 l 700

DJ ~l N=j,l~).? FSC,,)J710
'1po'~-1 FS~01720
r~po',-I FS~01730
F T 5 ::: ( G!t • 0 ::: (L n ::~',1' 1R J ::q A1~:"l""'~:"() +" ( , H~~: q p ) 1"\ r~.) r:S ~ 01 740

Frs=~p*'ID(:PI~I'I ~SR01750
A~P]oFT5/FT~ FSAOl760
X03" FS~,)I77(\
.rlo(Pl/z.UI/K FS~OI7BO
KKo(-1 FSROl790
;SJ~oO.u FS~01800
T,lo).O FS~01810
101 FS~01820
t "L L F I '1 E Ie, ~I\J:; , G P 11, P..P " , " R t T r, , f .'~, '.J , PI. ? '1 , S [ :; , G R , TH , S U f1J ;::S ~ a I R 1 a
G5J~=GSIJ'1+SIJ~ FSR01840
TrlofrlOArl FSR01850
10101 FSAOl860
C4LL FIVl:.( C, .-/"') ,r."t',RP'-".\r.,T~ ,I: ,~1,"I.PI t~,rJ,~[G,GR,nl.,$ur1l FS~OlB10
::;SU~1=GS~'.1'!t.:}(:S'J,'1 FS~J1.880
rHorrlo~rl FSROIB90
10101 FS~01900
C4LL FIVE{::,rJ'~?,GIJ~1,RP'.1,Ar.,Tp.,i-,r.1,"J,I}J ,Rr),SlG,Gl-t,TH,SUM) } I~.'" ~S~01910
::;SJ\1:::C.~.J""2.J~:r;J'" f' \' l FSROl~20
II'( I.Ll.<KI ~'J TJ 170 FSROI<i30
f'I=Trlo~'1 FS~OI94'l
C ~ L!... F I V t: ( C , ,i' ~...•, Gil! 1 , R :-> '1 , ,\ :~ , T'": , I: , '. , 'J ~ PI, ::".'J , S I G , r,l) , T,4, SUM» F S ~ a 19 r; 0
;5J'1=GSJ~.~oO<:SU~ FS~J19&O
Tllonqf :I , FSROI'>70
::.ALL F I V [ ( C, •.: ' J ~ , c r " , Rr- ., , l\ g , f L", , :: , ", ~ I , PI, f:l, '), 51 G , GR, T~f, SUM) F S:t 0 19 q 0
:;SJ'"'1'=GSU:I. 5U'" FS~J~ 9'10
;SJ~0('rl/3.0)',;Sll'l FS~02000
~ir 1 -= 1 • 0\- ( ~ I '~ ( r,r' '.' ) ) I!; r 11 ::: S P..a? a 1 0
~r Z 0 ( R f' ~ ." rU"I, ,', I I ( S I Nil ( Sf' '.~1 ) Ir. P "'1- I .0 I F 5 R0 2 0 2 0 .
-f r 3::: ( '+. J ::~ [) 'j ) / "; fl '.\ F S Q 0 2 0 3 0
-f r 1-:::S r ',J ( 1.1 ',; t)\~ l :::C ,) S rl ( II GP '.1 ) - r: n.=; ( H:; P " ) :;: -::.I 'lH ( I ~ ~ P'~ ) F S ~ 0 Z 0 4-0 .

~T50rnlo'lrz Fsp.,o20501"!",,T60YT1"'.H4 FS~aZ[)60, ,
fiT7:::HT5.~IT~ ~$RO?010
SHo(GSU~.A~P3)/iT7 FS~020BO
"HfE!"'o") 'l,'h~P'l,SIl FSR02090
.'UTE(g,JUIlI '1,'j,GP'l,S.' FS{OZIOO
F J ~~A T ( 'f x , I Z , 7 X , I Z , 4 X , FLO. I•• ?X, [ II) • Itl F 5 R 0 Z 1 I 0
:CJ'HINUE I. FSR02120
XlloXllo].1 FSR02130'
:J\lTINJE FS~02\40
~~=~*~~~~~*~~*(:******************~~*~~*e*~*~*~***~*~*o*.~***'~O***FSR02150

170

30

112

300
b

(t., :

. 0: .

, .
.. '

.~

../,
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FILE: =SC vrVSP14331-L02

i !

f. \ '
i

t .,
.

.' ,

,",

110

370

500
8

7

lll=ytPYl2
]Fllll.L 1.1J.J) :;;1 Til II')
XII=XI2
;:;J fJ 112
::;"""=Xll"XlZ
-lG~ '1=GI' .,/;~ .-\)
~ P '1= S.['J {-fGfH1 I /SI \JH (ltGP '.t J
)r) 3 ;'~=2.,1:)t2
'-1F'::: "1- 1
\lp::: '-.J-l
F r 7::: ( f) (t • O~:tI' 1~ ~:~,I Jr. ) f,: ( 1\ p, ':: ,'~p ':: ~1p +- ( 'W;: \F) ) / !\ I~ )
FTU= \Jr~::J:):;;PI ::f1 I
A.'~°'t=FT7 /FT~
~=3b
~H=(rIn.LlI/<
KK=<-l
:;5J~1=U.O
Pt=ll.O
1=1
.:~LL .SEV~~(C,A~~,GPM,RPM,~R~r~,E,M,~,P!,RO,SIG,GR,TH,SUM)

GSJ"1=GS J\~+- SIJ'-'
TH= [II'A-I
]=1<[

: ALL S E V t: N ( C , ,F I ;t , G P f1 , R.r H , 1\ P • TO, t E t " , ~I, [l T , rt 8 , S I G, G R t TH.$ UM) ~
GSJ'-1=GSUM+4.0~:SIJ'c\ : j
LI=T-f'A-f ; ,
[=1<[

::.ALL S E 'I c:\1 ( C , i-J 'H~ , GP~' , R P ;-1, h p. , r~ , l , ',., rj • PI, r.l] , S.I G, GR , TI-I ., S UI-1 J
~SJ~=GSJ~.2.0~SIJ'~ '
IF(I.LT.KK)~'JrCl370 ','
Tll= T4'~-f
:ALL SE~E~IC.W~l.GrM.RPM.Aq.TO.E.',.~.PI.RJ.SIG.GR,TH.SUHII
;~J~=GS~~+-4.0~SUM '. I
T j=TH'A-j
C L\ L L 5 E Vl:-:'I ( ~ , Wn. , GP'" f~P'1, AI',,. T q ,r ,f.', "/, PI, P.1 ,5 f G, GR, TH,.S UM )
GSJ '-I= GSU"i. SI)'I
GSJ~'=(~-f/-\.U)~GSUM
'II I = I • 0 - I S [ -'II "P "I l I / G P 11
-IT 2 = ( RP '.\.:,KP 'I) <, I C I Sl :m ( GP', I ) /;; p " ) - I • [})
iT3=(4.0.~P~)/GP"
.~r/t=SI 'Jl HGP.''') ;:C1SHC HGPI1) -(nsc HGPt1) ;:';1 ~H( H:~P~I
HT5=HTL '-ff2
l-ITS::.HT~::dT{t
4r7~HT5+~Tb
SH= (SSU'i<'A'lr't)/-IT7
t4Rl TE (~:,~:) 1-',~I,:,;r:1,SH
rl~IrE(8,')OO) M,\I,GP~,,.SH
=)~~~T(~X,12,.TX,I2,4X,~la.4,9XtEIO.~)
CLJH I NJE
XIl=XlI.3.1
: JH 1'-I)"
S TJP
E~J
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FS~02210
FSQO??20
FS'12230
FSQ02240
FS~02250
F sa Il2 2 6 0
Fsq02270
FS~022RO
rSQ02?'lO
FS~ 02 300
FSRG2310
FS~02320
FS~02))0
r-S~:J23~O
CS~02)'iO
FSR023bO
FSR02370
FS~023S0
FS~J23'l0
FS~U2400
FS'O?410
FSRO?',zO
FS~02'.30
FS~O?44J
FSQ02450
FSR024bO
FSD02470
FS~024RO
FSQ02490
FS~02500
FSR02510
FS~025?O
FSR02510
FSQ02540
FSRI)?550
FS~O?5S0-
FS~02570"
FS~02580
FS~0?5QO
FS~02600 If'FSO,02~lO ..
FS'Ol"?O
FSR02630
FSQ02640
FS~02"'50
FS~O?660
FSR02670
FS~02b30
FS~02b90
FSR02700
FS~O?7IO
Fs~un20
FS~02730



", .~

FILE: =S''o FJATRA' Al DUET CO~PUTrR CENTRE, DHAKA V,M/SP 14331-

i ,'" I ( ,
_,J I'

, t,

r .'--

9U

*

S lJ:.1 ., U J r I Nt. J \J [ ( C • \\ \JR t ::;.'1 t p, \: f /I P, f T R., r:: , " • iJ • PI, R 8 • 5 J G. GR , TH f S U'" J
I'H', ';J IHIUTT'IE I~ I.J~I.') Til I'HEGP.hTE TIlE RADIATION EFFICIENCY
'~!..P: LV['J 'It,LJE:~ nr: :1 A'JU -.J.
K=3S
A~=IPIl2.01/~
KK= ~- I
SU~oO.O
TK=O.o
I= I
CA~ _ TrI] (C, rJ\I~,G~1,P.\1,AP.., TR ,E, ~1, ~J,P I ,P'1.,S IG,GP. ,TH,TK,FUNC)
SU~= SU'" FJ'=
n~=r, <h {

1=1'1
C AL ~ TH] (C" i-J\J~, cr-, fR~I, AR, TR ,.E, '1, rt, PI, P.O, 51 G •.GR •.TH, TK •.FUNC J
S u.., = S U "1 •. ; • 0 :~= U 'J C
IK=TK'A{
1=1'1
: ~ L :. r t/ ) ( C. • II'I? • So~~ , P '1 , t, P, • T 1. • r , ~I, • I , r, • p n , :; r 0:; • G R , T 1 t •. TK., F U ~,IC~
SU"1:;StJ'-h2 .J::::U\JC
IFll.lT.K~) ~o TJ 9U
TK=IK<h{

CAL:" T rJ J( C, rJ\I"{ I :;rt, IU', AR, TR. E, Lt, r'h P J I Rf). Sf G., ~~, TH, TK, FUNC J I,
SU'~=SUM •.ft.O;:'F-U\~: ~ . I ;, -1 i •

TK=fK,+I\{" .. ' 1 ~,:;~"

:. 1\ L :. nl] ( L , W'J? , :; M, P ,~, "P , Tn." E , ~, , r~, [l I ,P. D, 5 r G , GR , T1-i, TK • F UNC J I
SU~=SIJ~.FJ~C ' ,
S U '1 = 14K 13 • 'J j :' '; U ',I
RETURN
:: '~ D

SU~lJIJTr~E r~O(C,W~R,G",~~1,~R,TR,~,~,~.PJ,ROySIG,,~R,TlffTK,FUNC.J;
THIS SUJ~:JUTI:lC IS I}SE'l T~) ~,~rr'p.'lr'J::THE: PHA.SE FACTO~.qF THE
)~)lt.TI )'J EF;-I:IE~JC( r-H' L\/r:'j Vt.L'Jr:') Dr: r" I\'JO N.
~1'='1-1
,o='J-I'
~ L 1 :::\~[l ':: '-11'~:Jl 1 .::PI" ( 'I ~I::~; J n ::' p I ~~? 1 J I (.'\~:;:1\ 'l. )

hL~=SQ~II.\lll
AL = ~ l2 "',' 'J ~:'C ):; ( rij ):' ';I'll 11: J
1\ 5 1 :;: '\ :~ :: 1\ ~ :;. 'I [I :~ .•••,:-> :: P 1~:r I •. ' J P ':: ': P:~ P I ~:P I
~S2=':;:..)~f( l\51)'
45=J\S2~:I,-l'JR~:5I'l(rK}:::SItl(TH) ;.
d G \~ :; :; \~12 • t)

S T 5 = '; ,.p S I 'I( 'I ~ 'I ) :' COS I AL I ? • U )
Sf,> 0 '\ l " : ):; ( "C '1) :' S I 'J I 41. 12 • ,) )
:,r 7 ::::-;.,~: :~I 'Ii 11 1:"1} ::q: .., ": ( :",I. I _~. II )
S I ~ = U'< fj ~, III ~'I ) ,',:;1 'll t,L I ? .1)I
sr'I=:,~JS{ ~:;IL.D)
~'t=oL'J,\ T ("I)
5 fl ) = I A; , A5)1 I ( , l* P I J ,', I WI - 1 • 0) :' 11'1- I .0' ) - I. 0
STll=G~~~'~-4L*AL
S T l2 =r;'~-:.:=-.~.l•. !:.,L';:-\L
STll=(Sr5-ST~I/STll+R\'~((ST7.ST8)/ST12)
Sfl't=Sr~/ST11] ,
::-'J'J: =5 r 1.3:;: S rl.~{: J r 1 {t*:::' T 1 ",:: :;1 'l( T< J
,{to r U~:.
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F S~D? 1b
FS~O?77
"S~0279
FS~0279
FS~0280
FSRO~81
FSR0282
'FSR02~3
FS~0284
FS~0285
FS~028&
FS~O~~7
FSR0288
FS~D269
Fso,0290
FSR0291
FS~02q2
FS~02'n
FS~O~'14
FS~'l~'15
FS~029&
FS~07.91
FSR027~
FSR029~
FS~0300
FS,0301
FS~0302
FS~D3D3
FSR03D4
FSR0305
FSR 03,0&
FS~0307
FSRO}OB
FS'0'09
FSR0310
"S'OJlI
FSRU312
rSR0313
"SR031'"
FSR0315.

'FS~OH&1
FS~01171
FS~0319(
FS'03IQ{
FS'O}7.0(
rSR0321!
FS~Ol22(
FS~0323{
FSP0324~
FS'0325(
FS~032~<
FS~0321(
FSR0329(
FSR032?t
FS~0330(



vt1f.SP I ~331-L02

,~ ,j.

*.*

210

**
,.' **

. ,..

, ..
't- t .;

~'~~-'." .

'-•....~
::1 ~"~.

s U:\ { ) urI ' ll~ r I i~~::.( :.:.• T )I'. t G'\ , I: '1, '\:' , T -, • ; .• '.1,.I , ') T , ):' '). '.i 1 '; ~r. Q: " TIl , SU~1J
T-tIS S'J'\lJJrr'lf. 1,'; tJ:;~~iJ T" l'JTi~~J!'.\T~ TIl:: :>./\DII\TIUN EFFICIEI~CY
FJ~ =V~'i VALJE:; ')F " A'lf) :"JDl V,'L'1~S r:r: '1•
<=3"
A<=(Pj/Z.UJ/<
«={-1
SU'!=o.o
r.<=J.O
1=1
: ALL F fJ J ~ ( C , ,J' J '. , GIl , ~ " , '\ R , T r, , ~ t • \ , •f , •...I ,r.'. n , .J ! r, , .....q t T H • TK , F U~~ C I
SU~= SU''''" ,PJ:
TK=T<+A<
1=1'1
CALL FOUR(C,d~~,GP,.R~,AR,rR.E,II,~,P1.~U,SIG,GR.TH,TK,FUNCI
SU~=SU~'~.J*"U~C
TK=rK'A<
1=[+1
C t\ L L F ] U ~ ( C., ~ \J f.' ., :. n, p, '1 , t\ R , T P., r , ~.~, .J , PI. [' '1 • SIS , ~ Q: , rot , TK , FUN C »
SU~=SU~.2.0~F~~: :
IFI1.lT.KKJ :;0 TJ 2'10 I

TK= r<+A.<
: A ~ L F J'J R ( C , rJ '\:::. , :; 11, I~'1 t .\ R • Tn.., E t. '1 , ~I , ., I • JJ) , S I G, G=t • T H , T K , F tJNC )
SU~=SU~+4.0~=UN~
TK=TK+AK
C 1\ L L F J U ~ ( C , ..1'1 r. , ~ n , P. " , f\. r. • T 1:',• ~: .• " " 'I .• n I , :J q .•s r G , G R , T~-',TK , FUN C J
SU..,= SU~1"FU\IC
SCJ~=IA</3.0):'~U'.!
REfU,'j
E'JJ

5 Uti< !JUT IN E C] t.m ( ::::,vi P .•G~1. RH, (\ C!: , T", .• ~ , ,~ .• f.J, r r , '::'n, S I G, GP..,' TH, TV., F UNC )
T~lS SUil'lD~JT[~c: cVAl'JAfES TH!, "HAcc r.ACrnR ,1" rHF RADIATlotl
EFFI ~IE:'JCY ;:J[~ ,:~Vr.:'l \JALU[~ 'JF ." ,\rU '.1JI1 V.'lUES rtf N.
~ p = ~- 1
~P=~-l
~ LI:: :1P':~'1P'~P [::~' It ('IP'::'IIJ~, I) 1 ':: PI) / (/,:;;,;, J\"1 )

AlZ=SWUIAlll
A l = A L 2' d ~ fl':'C [1 S ( T H PSI' I I T K I
AS 1 = 1\ R~ 1\ ~ ,;: ',10:, '1P~:l-' I!': r T •. "1 P !"'JI':;,P 1 ';,f' I
ASZ=SO,T( AS1'
AS=AS2"~~R:'Sr'J( r~ PSI'II Til)
-IG""=G'''1/Z,J
S rz 5 = G."1~Sl \J( -i:; 'n ':'C'l:-; (~L /2.n)
S TZ['=Al':US(l:;" J "'sr "I(AL/Z .0)
ST?7=::;'1-1::S[qJ~1( fi:; '~J ':~C')S( I\L/Z.oJ
5 T2 g =AL>: {)S.ll 'iG' J 'I'SI 'H AL12.0 I

. STZ1=SI~IAS/Z.Q'
. ~N=FLJATPli

S T 3 ) = ( AS ~ AS) / ( ( Pl.:' P [ P ( , '1- I .1 J ,> ( H'j- 1 • ~Jl J - I • D
ST31=G~~S'I-.L*AL
ST12=~~*~'1"AL~_L
ST33=(STZ~-STZ61/sr31+R~*(ISTZ7+ST2g)/ST32J
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FS'l03310
!"S'lOB?O
"S,01330
FS'03340
FS,03350
FS,fJ33Sa
FS'.03.370
FSR03BO
FS,033ryO
FSR03~00
FS'.03410
FS'03420
FS,03430
FSRD3l+~0
FS'03~50
FS,03~SO
FS,03410
I=s~n34RO
FSR03'.10
FS>03500
FS,03510
FS,035?O
FSR03530
FS,035~0
FSR03550
FS>'03560
FSl33570
FSl035.Q()

FSR03590
FS>'03600
FS>'03610
FSR03623
F S'I036 30
FS~O~&!fO
FS'OJ&50
F5~836&O
FSR03&10
FS,B690
F~~Q3"'7:>

FS>'0310~ ;.
.FSR031l0 '!.
FS>'B120
FS>'03130
F S>'03140
FS~,::J37s0
FSR03T60
FS>'03710
FSR037QO
FSR:J3790
FSR03800
FS'03810
FS'I.)3820
FS~J3830
FS'.038"O
FSR0385J



FILE: FSU, VM/SP ('t331-L02

•

, ,.
I I

! f

r-S~038bO
FSR03B70
~S~()36BO
FS,03B90
FS~039QO
FS~Q39IQ
FSR03'120
FSRD3'nO
FS~03940
FSRQ3950
FS~039~iJ
rS'.0397Q
FS~Q39RO
FSR03970
FS~O~OD3
FS,OiQI0
FS~Q~a20
FSR04030
FS~J!f.O(tO

.' FS:JQr •.oc:;o
( FS'O' •.060
FSROi070
FS,OiOBO
FSR04090
FSR04100
FSR0411Q
FSROHZQ
F,S~Oi UO
FSRO!tl40
FS~04150
FS~OH60
FSR04170
rS~0419Q
FS~04190,
FS:).04200
FS~04210
FS~04220
FSRQ4230
FS'04240
FS~04250 ,..
FS~J4260 I.
FS~a4Z70
FS~04280
FS'042"Q
FS'04:DO
FS?O!t-310
FS,041Z0
F5~O~310
FSRQ4340.
FS~04350
FS~043"Q
FS~0'd70
FSRQ4390
F5~34)'!0
FSR04400

s r 3 " = ') , £~91 :. r 31)
F-J\lC:; 5 r ..•.3~: S, ")t,;~. T 1/~~:ST"' (.~: '; I:J I TV, J
RLr!H',
EN)

5 U r. ~ JUT I 'I E S I X ( [ , H \J P- , G ~ ,~ , R P q , A P, , T p. , r: ., ~1, l' , PI, 0,n , S J G " G R , TH , T K ,.
•.=IJ"':: t
'filS SU:I"I'Jrl'H' [VALLJATIOS T!l!' "Jlf,~E FA(TflR :IF THE RADIATION
EFFI:IE~SY FJR JUU .VftL~ES OF 'I A~~ ~ •
~P=q-l
\JP='~-l
'Ll=~p.~".rr'PI.(~".~p.rl.P1J/IA~.")
~U=SURf(ALlJ
AL='LZ~~~R.:JS(TH'.SI~(TK'
AS1=, R':'~~(','IP:' 'lP. PP r I • 'II'~ Nr" I' I ., I'!
'S2 0 S~, l( ,\51)
AS=ASZ'-'W'H,,'SI'I( rK I~SI'H HI).
YGo'I=Gr~/z.(J
S r L5 =- r,D ..,~: [ 1 S ( .~-;? ).~) '::S I 'I i '\L / ., • ., J
STlb=AL:'SI'J( ~~"'Il'-'C!JS( 'LIZ .f)J
STl7='L,:'SI '.I'll '1"I"ll'-'S:JSI Al./Z.rJl
S f I :3 = S p '.' '::C J'; -I ( q ~ P '.1 ) ~: j I '~ ( 1\ l /? • "1 )

Sfl:];;SI \J( A~/2.0J

S U'l ~ ,JUTI'; E F [ VU C• ,PIP. ,G P". RP"'. ~R• TO,F. f\, fl ,P I • R0, SI G, GR• TH. SUM'
HIS SUlPUJf{'IE IJ IjSE~ H) l'ITFG'\~TE THE ~A[1IATlJ~ EFFICIENCY
FU~ QDD VALlES JF 'I ftN~ ~.
K=35
AK=IPI!Z.O)/K
(K=(-1
SU~=Q.Q
TK=Q.Q
1=1
C" L!... $, I K ( :. , W'~ ~ ., :; p t~.,R PH., A R ., T R ., E: ., t1., 'I .,PI., R J , S I G ., G R ., T -t ., T K ., FUNC J
SJ~=su:\.rLJ'JC
n;=TK'A(
[=['1
::A:LL 5J X(C, fI'~:"., :::;r:1,RP~1, AR., TR ,::., '1,N, PI ,RO, Sf ~,r,R, T-l., TK, FUNC)
SU'" ~::; U~h it. 0.:: r- 'J'IJC
TK=TK.~K
1=1.1
:'A.LL Sf Xl C ,'-r1\lf'., ';P'1,Q.P~,.I\R, Tr,'L' ~l,rl.PI ,r.), SI:',GQ.,T4,TI{,.FUNC)
SLJ'I=SIJ'1'Z.O:'"U~: I ' ,t'1 ,'\ '
IFI I.LLKKJ J'J fJ 1'10 ! ,., ,
fK=fK'AK I
C A _ "- S I X. t c .,H '11. ., :; P ~1., R p: 1., 1\ R ., T R , ~~., r,., :'~., P J ., r J ., S I G., G Q: ., T -t .• r K ., FU NC )
SU~=JU~~4.D~~UN:
fK=fK+.\(
CALL 51 X (C, rl'l1, vr~t,RP", AR., TR,l., r.1, !'I , PI ,r.'], SIS ,GR, r-f'fK ,FUNC)
su~=sur"FU'jS
SJ1=!A</).JJ'5J'1
~Ef'J~r;
E~)

h ..~,

«.• ,
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, ..
! ' I

F5~04410
r:s~n44l0
r:S':104!tJO
FSROH'oO
J=S{O'o450
FS~O'o4bO
FS~O'o'o70
FS~04480
FS~O'o4qO
FS{O~500
FS{O~51[)
FS>.O~520
FSQO~53()
FS{O~54()
I=-S~Ot,.550
FS{O~5bO
FS{()~570
FS{O'o580
FS~04590
cSQO~bOO
FS~:)'o610
FS~J4620
FS{04b30
FS~04-640
FS{04650
f."S~04b60
r-5~04670
FS{14680
FSRO'obQO
FS~,()'ol'IO
FS~()'o710
F S {O '. 72 0
FSQO'o730
FS~0',7'00
FS~04r50'
FS~O'.7bO
"S{OH70'
FSR04780
FS~047?O
F,S{O~800 '
rC;~O~810!
FS HJ'o~20
FS~04830
FSR()~B4()
FSR04B5()
FS{O'o860
FSRO'o8ro
FSQO'oB30
FSQ()~890
FS~:J'fq::>o
FS::t049l0
FSQO~920
FSR04Q31
FS<049~O
FSR04950

S U l3 ~ J IJ T I \J E :; ~ 'IE 'I([ ,HU Q " G P " "~ p ~I, 1\ ~ • Tit , [ , ~" •J , P r , o. 0 • S I G , G R , TH , SUM)
ril1 S SUJU'Jr 1'.1.': I SUS!," ,-J lilT"G,.\ Ti: THE ~~DI~TI[)'1 EFFICIENCY
FlH JU~ V~LJES )F. '1 A'J:) 'eVE'} V,\LUES OF "J.<=3:>
~K=IPIl?I]J/~
~~=~-I
SU'l=O.J
n=o.u
1=1

C .\ L LEI Gil T ( [ , \-I'~"'.• GP :'-,, :>. p r' , " P. , T ~ , E , ., , ~I , " i .,.r> ~ , 5 I G , GR ,. TH , T K , F UNC J
SU '.' = S IJ 'I> F U 'IC
fK=fKt-A{
1=1'1

:::. I.\. L l L. I ::. -f T ( C , i~'J ~ , GPIt, R P fl, f\ r, • T D, • E , :~ • ~I , r r , r.',:J , S I G , r;.p, , T4 , T K" FU NC ) .
SJ'l= SU....,"4. o~~.cU.~J[
fK=rK •.A ..•..
I=I<l

CAL L r:I :; -i T ( ::. , ~j',j ~ , G r f' , P fl ,f ~ , " 0, •• i t,I. l' F , '\ , 'j , r f , r.:J , S I G , GR. T H • T K , FUN C )
5 U'1:: 5 1J'.I •. Z • :j';' =-IJ'~=
IF(I.LT.K~:} ~~J f] l:'U
TK=TK'A{

:. 1\L L ;:. I G -i T ( C , H 'J:~, G P '1 •.R r 11, 1\ P t T ~ •. E , :'1•. ~.J, r I , ~ .'1 , ~ I G , G q,. , TY , T K, F UNC )
~U~~5U~\•.~.~*=0~!c .i
rK=TKq~

:. l\ L:- l r :; .-f T ( .:::., 'vI'n. , G fl ,'1, ~ r'~ , '\ q , TR , [ •. ~1, : I , r I , n '1 , S ( G •.GR , P'h TK , FU ~~( )
SU'1=SU.'.lt ::!J'lL
5LJ~=1 ~'K/3.0) :'SU'I
~Er~R:,1
C'V

-,'J=FLU.\ T (~I

~;r 2 ) = ( ,\ ')~; '" :. ) / ( (i-' I:;: f1 I J ':: ( I": - 1 • () ) ':' ( I' )- 1 • ()' ) - 1 •. [)
S r 2l =.CI' ".;: :;r"'\-,\L~: 1\ L

srZl=IISTI5-5T1SI/ST21J,'r~.(ISTI7_5TI~J/ST221
STZ!t=STl-'/::;TZf)
~~~:=ST2]~~r2j*~T24*ST24~S[~J(r{J
R,[fU;('!J
E'(.1

S J 2 ~ = (~P \:::; f' .j •.,\ L ;, A L

SU]{CJUTI,~H: EIGHf (C,H'JR •.r;f'l;1 •.R.p:~,I\D., TP ,!:.\l,'J,?I ,0.0,5 fG,r.R,TH,TK.;'FU'l:1
r~IS SlJln:J~TI'JE EVALUATE'; TifF I'HA:;" Ff,CTIl~ OF THE R~OIIITIO'"
EFFICIE~:' FJR )00 VALULS nF ~ A~D EVEN V~LUES OF N...•.HJ="t-l
,'~"=~-l

~Ll=MPO~P.P[~P['(NP*NPCPIOPIl/fA~OAR'
~LZ=SIJHI~Ll)
~L=~L2~,,'IR":JS( TiII"SI!'H TK)
liS [= ~R~ ~ {.;, '1;':' '1"0 P I*PI. \jp.~,}OCO I "PI
~SZ=S')HI ,\51)
~S = ~ S 2~ ,,'H .:':; I "J ( TK 1(' :; I :H Ii) )
-1G» '1=GP '_1/ Z. 0
S 1'35:: GP 'P-:: J~,('f:;" '.1J~'S IiI (~\1_/2. ') J
S T3 ()=AL '::S I'~ I ,':';;1\1) ~'CU:; (4l/2. U)

*
*

390

~

,-
• \';: . r

~.

..'~

.:.::t::
;.,,; ".
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FSR04?50
FSR04970
FS~D4?RO
FS~D49qD ,
FS~OS'OOO'\
FS~05010
FS~DS020' "
l=S~05030
l=SROSO~O
FSROSOSO
FSROSO&O, :',
FSROS070

, '

"

, "

, "

}..
.",,"., ,

Al

S T3 7 ~ AL" S I 'H I H~;r~'~I "Cl S I "I. 12. ~)
s r B = S P '~~ CD'; ~ ( 'I'; P :''1 ., S PI I ALI 2 .0 I
ST~J~CJSIAS/Z.O)
rl~~FLDAT("l)
ST~1=(AS.AS)II IPI,"' P1H'l H'}- 1.0);IYlj - 1•0 )J - 1•0
ST4Z=Gr)~*GP:~-AL~AL
Sr~]~GP~'GP~'AL'AL
ST4~~(IST35-Sr3S)/ST4z,.~PMe'(ST37-ST381/ST431
Sr45=ST!t:~/:;T4l
rU~C=~T~4'ST~40ST45.ST4seS'H(T~'
~ETURIJ
E"lJ

"~.",,FILE:, rSH
,j

",

-, ':' .. '~(

,\
;

; ,I,

""

i,

.' ,

. i ~'f f .'
j ; ~ f ~.~~ i 1
i I 'I ! ! 'I 1 'j',
1 ,1, j';: f I', I'<i 'J 1 ' \ '.
:'j);ltLlii!' '
! j' i:11 i,i",'
:, 0 " • " •• ,'.';.

i
I,

i

"

, ,

,;"

'..~

':,1

'.~ ~f7'"-~';' .•• -.

I"': '
" <',

"

'.'

\'

~':~Fr!~~sr:'~t.',

'.

.
"

P'''''',1'''''~-:' , ..•.-.,,_ •. :,r.-~>,

.",,'.
'.,,' .,,'

: ,

, '

.- ~ '!

l"'j'jiJJ,:,'IT'l "
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,
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FILE: fE= VM/SP 14331-l0.1

(

TEFOOOIO
TE=OOl]lO
fFFOO/J)O
TEF00040

~~~~~***C'**~)~)**********~****~*******(:*******~**=~***0**********TE~0005D
:::*::::::.:::*:::~,:*::::::,;:.,):::::::::::::::,::,::~: L r:-:r ]F '/l\:' I 1\",1.:::; :;:~::':~:C:f,::';:t,:::'..:::~:"..:*:::*:::*~:*::::',:****:',: rr-:=onoso
~*~:::***~***~:::**~*************~(:************=**O~*O***************rE~OaOl0

tEF00080
TE'"000'10
TE=O)IOO
TE=00110
TE"03120
fEFOO 130
fEFOOl40

50.TEF03150
TEFOOISO
TE"0)170
TEF(JJl~O
HrOOlgO
TE=00200

**~~***(:***~~**~(:~:****)}~'C~*::~**(:::::::~**~***~**'O*~****C***~*O***O*TEen0210

~=L~~GT~ OF filE PLATE IN ~ETc~S.
B=dlDTH Jr T~l~ PLATE'I~ '.ETE~S.
:::'=V:::LUCITy]r :lr.)1YI~l IN i\I~,'-1~T~RS fl[=R sr-.cnq'J.
'1=' eJ~SrA~T JJAMTITV E1UIVALE~T TO ).14IA
:;R=l\CCi.:LA~ATIJ'l DUE Tn GP..'\VITv,"::T~r~ rEf:'; ::;r:CO'lO Sr;).
W=.~PLITUOE OF VIBRATION,~ETE~S.
H=IileK~ESS JF T~E PLATE."ETE~S.
E='IJ]ULJS JF Elf,srrerrv IF TIIC PLt,rE 'I~TEDI_\t,t1UlrrJ" PER ~ETER
~iJ=SPEeIFle ,;E1~;n OF HI[ PtHE "AT(P,!AL,KG PER METER CUBE.-_
RJA=]E~SlrV JF AIR,KG PER ~ctE~ eU~E.
$1:;:::PI)ISJ'~"J '\t"f1'.1.
AR=~SPE:T RAfIU.U/A
r~=TH[:K~ESS DATIO,ll/A

~~~~~***(:***~(:(:~****~*****(:*(:*~***~~******(:*o*oo6**~*OCOO~.Q~PO**~TEF00220
OPE~~(U\1IT::::?,FILE='OtJT',ST"'TUJ="'IE'rI') TEFOD230LJ P::. '~ ( UN I T = 3, = r L [~ I I"!' , S T 1\ rl.I:'::: "lL 'J I J . Tf F 00 2 4-0
~ltl,)( 3,99"J)C,H,:;~ ,PI ,E:,P..1A,RrJ,SI :;,\~H TEFOJ2S0
FJ~ 'IAT (F4. o/,i,. ',IF' •• 2/"6. ',IE'!. l/F',.? IF",. (l/f'3 .I/F6. 41 TEFO) 260
~c~OI3,9~oJ,~.T, TE=00270
=J~4.TIF4.2/=5.]J ' TE=OJ2BO
~R[rE(9,997) .\ TEFOJ290
,-J ~-,AT I / / Z ox •• ':' :":": •.:":' 1'1 PUT :_"H,' ':',:':' 'I,:, •• III TEF OJ3 0<)
'rlq,I TEI9,1()OO),lI,r"TrJ"C,H'fG~ .• r>1 'f::,RfJ:\.r',SIG,ll4 TE:C00310
=: ) ~ .., fI. T ( 120 X , ' '\:) ::: ' ,F "\ • 1/2 ~\X , ' r 0, ::: , , F'5 • 11 2:J X , • L =' , F't • a120 X, • W=' , T E = 0 13 2 0

•.Ft!. 4/ 2.Jx',' :;,~=' , ~',. ~/7.~);:, 'I' r -::', r-~).'./?~)'< I' ,":"=', E9.3/20X.' RlJA=' • TEF0033i')
+:-It-.zlzox. t~'J:: ',::s.o/20X,' :'I~.-=' ,r:\.l/"rJX, 'll:,,-=' ,F6.4-t/) TEt":OQ~40
'/.<1TEP,IO:lll TEF03350
F J ~'1. T ( I :)X, • 'IJ w:" 1', rJ r J I '/l SI :1'1 s = ",' ,; J T [F 0 <) 3 S 0
WUIEI9,lOOn ".of? TEF03370
F]~'1ATt~X,'t\SPE.:T Ro,TIll= ',r:'S.4,5X," pn:::,y.~H:SS RATIO= '.F6.4./) TEF033BO
.~I fEl9ol0Q31 TEF003g0
F ] i( '1.\ T I I X01 _\I I • - • I ) T E" 0 J t.0 0 1 -
W~IIEIJ0100',J 'TFFOO,.IO !
FJ~\'AT(3,(,'::: '1 ~',5X,q: 11 :::',ljX"r>l'.Jt:" o.~'1IATr:J',5X,'GPM/GN', TEF00420

+;;X,' G~i1/:;P"J' J T[FO~410
W~IfE 1901(05) TEF00440
=LH 'lATI IX, 131 ( • _. I'; I IE"DJ'.50

1004

IDOl

1005

1003

1001

1000

999

996
997
998

*
'~

*
*

~' I

,. .' 'r.

- 12,4_

12

XlI=3.g
0J t .'\-=2:,]2
X12 = X11' -hI
Yll = I S I 'll X 11 J ICJ S I X II ) J - ( S I '~, II X II II: [J SH I X I 11 )
Yl2 = ( 5 I ~ I X 12 I Ie J 5 I X I ~ ) J - I S I' IH ( ~ P II e '1 511l Xl n I
lll=YIPV12
IFllll.LT.O.OOJ ~O TJ 1<)
Xll=XI2
G~ TJ 12
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TF.F00470
TEF00480-
TEF03490
TEFO)5QO
TEF'l05IO
TEFJJ520
TEF0353<)
TEFO~S40
TEF03550



FILE: T,= ilUFT Cn'1nUE~ C[NTP-E, DH4KA VM/SP 'B31-LD;

TI"FOl100

TETDC5bD
TEFOJ57J
TEFOJ~ql)
TEFD051D
TI"FDJoOO
TE=JJr,IO-

,,,TEFOOf>2D
TE=Do.&3D
fEi=O}f,!f.O
TEFo.J65D
TE=Oo.f>SD
TEFJJ&7o.
TEFDJ09D
TEFo.J6'?D
TI"=o.J70D
TEFOD7ID
TE=o.J170
TE"o.~13J
TEFo.o.7"o.
TEFo.J75D
TI"F~o.7('o.
TEFDJ770
TEFDJBD
TUDo.7QD
TEFDOBOo.
Tf'Fo.o.81D
TEFDJ820
TEFDJ83J
TE=DJ8"D
TEFDOA5o.
T~Fo.o.860
TE=o.JRTJ
TEFOOB30
TEFOJ99D
TEF009DD
tF=Do.')lo.
TE"o.oqzo.
TE"o.J')3D
T~~)J?!'O
TE~OO(JSO
T"=O)q~(l'
T~=JJ"70
T~FDDq80
TEFOn?"o.
T~FD1o.JD
TI"FDIo.1o.
TE=DID'20
Tf'FOIo.3o.
TEFo.IO~O

I ,,
I :

I,'

I ,

:;P'-1=Xll"XlZ
X2Lc:i.%
[)'j 2 "J=2.-~2tZ'
X22=XZl"i-l!l
Y21 = I 5 I ~ I X2 1 I Ie J 5 I X21 J I • I S I 'Ii I( X2 I , Ie n SH I XZ II J
Y ~ ~ = I S I 'J I XU J I: :J S I X 2 2 l I • ( ~ UIH I X2? J I: ~ S II ( X2 2 I I
l21=Y21>Y22
[F(l21.LT.O.OOl ~o T~ 20
X21=X22
~u f'J 22
GN=X21+X22
-iSP "1::1:;1""".1/2.:J
;~~=G,IIl.(J
RP'~=-5n lll~" '; I IS ['1111H~pr1)
~ :~= SIr I{ -I:; "J J I ?, I ! : If ( H:; ~J J
: 1.\ ~ L f\ S J II J ( '1 t '/ , f.l I , S r G , A':{ , S L ,.,H }
~~1=2.J'~~A.,IC~'4ROAR'(PIC.6.1JcrC~OTq~TR'TROTR'GR.GR'SLMR~SLMB
l\ '.12 = oJ. ,;'::. .::?, "J.;, 1.'1:: ( 1 .- S r r;':: S I G)~' ( 1.- ~!~,~:';r r.)
~9~ ~fHI ~'1Z
<=3'>
KK=(-I
~!1=1 Pl/zl/K
~5J'~=O.0
T!-f=J.O
1=1

C 6.L L D\J E ( C , S L '1 Po• G I' '1 l' G " • R r 11 • r~r J • 1\ P. , T ~ t t: • PI. P.a, S I G t GoR , TH , SUM J
-5""--"'1'1 S'J'\ ' ,', (', 1",~ .)"l-u." •. ", . t ~'t.!,
ry= f-i+-A-i , ~ , .. /
1=[ +1 , ) ;'
:: .\ L L Q \1:: ( C t :; L 'I \ t ~;F' t , G'~ , I! f.' '1 • r.' J • ;\ Q • T ..•.t- r: • r I , D. ~ , S I G t G~ , n-h S;lINJ
~SJ~=G~J~'4.0(:SU~
T~=T'l.~;
1~['1
:. t\ L L U \J r:: ( :. • S L 11 ~ , G P ~1• G! J • r~P" , p. "1 , l\ P. , T ~ , F. • P I l' P.l , S I G , G R , T H , S u~.•);SJ~=GS~'1+2.D~SU't .
[r(I.LT.KKJ ;8 TJ 70
TH= T!i'Alf

: ~ !.. L n \I E ( C • sun. GP '.' , G'~ , R P :~ , R 'oJ l' .\ f:. T?, l' E • Pl. R rJ, S I G l' ::;R • r H, su r-t)
G:'J"1=GSJ\1. 4. !):;'SlJ'1
TlI= 1'1'4-1

CI\ L L U IJr (:.:, S L ~1:) , :; p~1. Cotl , P. P " • R 'I • r" R • r~, I: • r I • Rq t S 1 :-; • GR. T H, SUM J
SSJ'1=C:;'J'I.::; .I\~
GSJ~=(AY/3.U)~GSUM
PDtiE~=4. 8';'[;S.Jn':'A.v,r
rJ~ r TE (':'.~:) \". 'J. ')]:":'-~,:;?r~, G'j
~R[ IE( 'I, ZUlli '1,:I,f':JHr:R,GP'I,G'1
FJ~~Ar( ~X.I2,4X,I2.7X,~1~.4.7X.FI0.~,7X,FIO.4)
X21=X2l< \.1
:::r-lT I "IJL

UI=3.~

20

22

to

'70.

2

20.0.

I
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FILE: TEF VM/SP I~331-L02

, I ,i

"

. '.'
:,'

" .. '

. I." r:"- ,

• ,.OJ

;.<"l~~,-.,
t,•••• "

. i~:'

, .
'"

32

30

it Z

40

170

'300

_~J 3 ;'1:::2,32
X120Xl[>'1I1
VII 0 I <; I 'J I X \ 1 I I ~ I '; I X I I I I - I ~ 1 'I' II ~ 1 I I I: '\ ',! II '( I I I I
V12o(SI HX1?I/C JC.I~;I:II-I~.r'J'IIXlnIC'l~I'IXl~ll
lllOV1PVl" I

IFllll.LT.O.OI ~:) TJ 30
Xll=XlZ
:;a T] 32
:;P~=Xllt-X12
X21=3.~
00 (t N=3,32~Z
X22=X21'H j

YZ 1 = I 5 [ 'H X2 1 I Ie ,J 5 ( X ,c 1 I I - I 5 1 ' l' I( XZ 1 I IC:l 5 II I XZ I I I
Y 22 = I 51 'II X 22 11CJ S I XZ2 I I - lSI 'I: I( X;' 2 II C '1511 I y.~? I I
l21::;Y21'::Y22
IFll21.LT.O.Q) ~:l Til 4D
XZl=X22
:;D TJ (t~

GP\I=X2L+X22
.•..•G:l .~=GP '.~IZ. J
"IG='\J=::;P'J/2.U
RP'''1=- 51 ~ (:-iG:"I '\) IS (Tl (HGpr.,)
R.r \{:::;- S T 'J ( 1-1r,? 'I ) / S 1 • J: 1 « H S P N }
:A_~ <\S)L1H~~.'l,1'[,)I::',I\~.,'jL'1rq
A~l=2.0~RUA'~':J.AR'AR.(PIC.h.OJ*C.ECTRCTRCT~.TR.GRDGR.SLMBOSLMBi
."."'2:::9.0*C",:r..IJ-::RIJ~:( t.-~[r.:::SIG)-:::( l.-SfG1.:STGl ': ',"; r f'
A~'=AMI/A~2 I
:<'=36
AH='I/12.0"<1
~Ko<-l
:;SJ"1=O.O
TH=O.O
I~,I
['1\ L L TIl R :: c « [ ., S L "1[\ ., r, r, 1" G P' J ., R PH., I~l>f 1 ., "7l. • n~.,E., P [ • P. :) • S I G , GR ., T H ,SUM)
:;SJ"1=GS'j'.,+SUI.-l
TrloT'.I'A~
1=1+1
: J\ L L T -l ~ :::E ( C , '; L 'II ~ , r..P!, , GP ~1 , R P 'l • R r ~.!, 1\ 0, , r q , f: , PI, P, ;) , S I G , GP' , TH , S U ~ )
GSJ'1 =GS J'I •. 4. ~):::5:J" ,
TH=I'l'AH
1=1+1
[~LL r-nCL«C,~,L ,!\,crr"r.p'I.,!~p',,~r\J,A~,Tr,r:,fll ,~n,SIG,GR,TH,SU'1)
;5J~=~5U~"2.~~5J~
IFI I.IJ.KKI ~'J TO 170
PI= Til. A.I
: ALL T H~ t-:: C « :. , S L 'm , ~;p '1 , GP ~J , RP ~1, R P :'! , 1\ 1. , TR , r:, r I , ;t 0 , S I G • GR , TH , SUM)
~SJ~=~SJ~"4.J~SUM
TI1=ICl'A~
C",LL TrI~ ~~ ([, SL :'''1) ,Grn,GprJ, RP'" RPrJ ,A.~, T R, F, PI ,RO,SIG,GR ,TH,SUM)
;SJ~=G5U',+srJ"
;~J~=(~~/1.0)(:~3~"

,PJtJE=t=!i. J,::~:.J~l':;l\:lP
\oJ Po [ T t: « :;.: , :;:) • \ , 'j , :"'~~J~~:>., :; p ',' , (-;r: J
rJ f{ I r f ( "'),3:J:l} '\ , ' j , )l ~ .J r l'. , r; n 'I , '"';ro ' I
FJ~~AT(jX,1,~,~X,I2,7XI[L~.4,7X,~L~.4,7X,FIO.4)

- 189 -

TEFOIIIO
TEOOl120
Trrflll'lfl
TECOll~O
TEf'01150
T~F01150
TEFOl170
TEFOllqO
T[C01190
TEF01200
TEF01210
TfCOl2Z0
TECOl230
TEe:>12itO
TE=01250
TEt:012&O
TEF01270
TEFOIZSO
"TEF01290
TEFOl300
TEFOl310
TEFOl3Z0
TEFOl330
TEFOl340
TEF0135D
TEFOl3S0
TE=01370
HIC013BO
TEFOl3QO
TECOl400
TEF01410
TECOI/dO
TEFOI'dO
TE=nl~40
TEFOI4')0
T[e01460
TE!'01470
TEral (•.'30 /'
TEr:Olf.QO
,H,F~1500,"
TEFOl510 ,I
T~F)['i2n
TEFOl530
TEFOI,)40
,EFOl,)50
rEt:015~O
TEFJl570
TFF015S0.
TE=015'10
TEFOl600
T~F01SIO
TEFOloZO
TEFOl630
TEf'016'.0
TEFOI6,)0



, ,
,j ".:...

FILE: IEF r J~rfU\\1 1\i suer CO'I'"".JTLo. CCt-lTr.E, OHI\KA VM/SP 1~331-LOZ\

"

\
"

T(FJIf>SO
TEFfl\('70
TEcJl"~O
TEFOl[)l'lO
THOl700
TEFOl710

qHn~SITY
" I

, . 'i , .,

X2I=X21.3.1
~]~II'~;J;
XIl=Xll.}.1
CJHliOE
sop
E'Hl

~~~~~*~*(:***~*~*****(:********~****~*******~*C:****~********~*.*****TE=31720~
SUR R JUT I :1( 4 S :ll ''I( ", "J • r I • SIr. ••~~ , 5 l ,,:, , T E F [) 1 730 ,'.
r-u:; :;:J~n'.J'JTr'.H: EVl\L'JATES T:-E l)l'E'~SIT'jLrss FPr:O'Jr:nCy FACTOR. TF=017(t'J
F~==lG'IIM' TEFU1750
GI=c~-U.75 TEFOI7&O
-J X= ~ X," ~ X:' I I. [) - ( I. Oil ~.X* r I I I , T E F 0 1 71 0
XJ= -JX T(;=01780 .,
FN==lO'I(~) TEFOI7?0
SY=F~-O.5 TEFOIROO
-JY=~Y*~P(I.:J-(2.0/(~Y"PI' II TEF018U)
YJ=H TEFOl8Z0
S It =';X':'~.X':<;X:'~y. Tror-Ol830
ST2=IGY.GY~~Y.GY'/I.r'A~~AP •• '1 T~F01840
ST3=SI,.~:H~HY<II.Q-S[[;I*XJ::'YJ TEcOl850
S r(, = (C'. ')::~, T J) I (l\r";:J\r:) TF:r::) 1 '160
SL'"ld=STl.ST/.';Tct j! TE~Olq70
R(TU~N '. TEFOI88J
"~) ,\ TEF01B?J

TEEDI "00
TEF01910
TEFOlqZO
Tl'F01930
TF01940
TEFOI'>50
TI'FOI9&0
TEF01?70
TEF01980
TEcOlq,>O
TEF02000
rf:-;O?OlO
TEFOZ020
TH02030
TE=nZ040
11:=02050 !'

TEF07.0"O['~
TEF'1?070
TEFOZOSO
TE=020~0
TEF021 00

. TU02110
TEF02I20
TF=021'lO
TEF02I40
TEFOZI50 ,1;
TEFnl"O
T(F[)'170
TE~02180
TEFOZ1"0
TEFOZZOO

5 U3 i~JUT I N r:: U 'J E ( C , ~ L '1 n , GP 'I, r,.,'J , r. n n , r. 'I , l\ P. , T r:' , F:, r I , R 0, S I G , GR , TH,
< S'Y"

THI:> SUEH'JJII'IE IS USE[) T'J 1"JFGf:AI[ fH' o\CJUSTIC
F,J~ EVE'J VALUES [IF ;j.
K=36
A~='I/(2.0('~J
K,<=K-l
Ti(~u.o
1= I
SU'~=O.O

, : A ~ ,_ r WJ ( C , :. L '1" , r; r'1 , r:.'J , ;.0 p ., , '1.' I , ,\ r'. , T f~ , r: , PI, D '1 , SIr. , ;:;,R , T4 , TK , F UN C J
SU~1=Sl)~'1+r'JN:
TK=fK.'<
1= I q
Cl\LL T.-l]( C ,jL,'~:~, GP"',CiJ,R''''1,f:U ,AR, T~ ,I: ,r'>J ,Q,n,SJ 'J,Gq,TIt,TK,FUNC)
SUM=5U:1~4.0~=U'I~
TK=IK<AK
1=1 q

:4LL rWJ( C, SL'IJ, GP'l,G'J,n.r~I,::'I, ll,r'!., TP., F.,rr ,P'l, SIG,GR..,TH.,TK,FUNCJ'
SU~=SU~.2.a)~U'IC
IFll.Lf.KKI ~n Tn ao
TK=IK<A(

C A. :- L f I~ 1 ( C , :~L ~1'') , :; r' \, r; , J , r{ P '1 , i! '! • .'\~ , T ~ , r , r I • ~ '1 , S I '; , G:). , TH '. TK , FUN C )
5U'.1= SIJI'1. it. Q:: r U'JC
TK=IK<A(
:::~ l L r i-j J ( [ , S L.'f ~, G r " , G' I , f~,. '1 , r. "I , A r,' • r f.; • E , PIt ::"q, ~.I G, r. ~ , T H • TK , F U\J C )
SU'4 = 5 UI.\. F.U \lC -.
SIJ~= (AK/3.01 :'5'1'1
~Ef\H~'1:oNJ

I,.~ ",_

q. *

C". r: .
,."~:. 90

*

1.~r.:~':'"
:Jlo.',',.

,..
r'

li\ I

4

3

"

" *
" "p,

"

-",

:

'.•..
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'-J

...FUE: Hi' ::'J,tTf{,.\"-J At :\UET ~O:'I;-lUfr~:-:. CUJrI.:C, DHr\KA
\

Vt~/SP 1~331-L02'

SUdHIIJTI'.IL

\
\

TEE0?210
TFF~ZZZO
TFnZ30
TEi'02240
TE"OZZ50
TFFn2~0
TEF02270
TEF022~0
TFr-:'J?210
TEFOZ300
TEF02310
Tf'FJ23~0
TE"02330
TEC02340
TEFOZ350
TEFOZ3S0
TEFOZ370
TEEOZ3HG
, TEFOZ3?O
TE~OZ4nn
TEE~J'410
T EEO Z'4 2 0
TEF02l.30.
TE'F02440

\ TEFJ?450
TEF02460
TF"02470
TEFJ24~O
TEF02l,,?O
TEFU250a
ncc02510
.TE"JZ5Z11
TEFJZ')":\Q
Tr:F02C)~O
TE" ')7 550
rr:~a2r;60
T[=02570
T["025BO
T[F025~fl
TFF02f>00 ,',
T[F02610"
T[F026Z0

• TEFOZ630
TEF02640
TEF02650
TEF02660
TEFOZ&70
TE"OZ6BO
TEF02"~O
TEF02700
TFFnZ710
TH02720~*~~~(:~~~*~~~~*~***,~(,***~~~**~*(:****(:*(:**~o******~*~~~**********OTEF0273J

~~~~~~~r~:::'~~~~~~''..''~~~*(.~(:~.~._~-~."~~*(:**********~**~***********OTEF027~O
TE=J2750

s U i~,t 0 urI :'J!: r,~ 'J ( :: , ": L .T~, '_~f' "I , :,' J • :.: r '1, ::.' I , 1\ ~ , r p, • ": , r I , r f) , ~)I r, • GR , T H , T K ,
+~U'~::}
THIS :;U:\'1.~JlJfIH;'~ 15 u)~!) TD lJf-r:-p,r11'1r: Til!: PHASE FACTOR 'OF THE
6.CJJ5TI:: PH::1J5l TV For rvr:u \/AL\)!:~ 'IF t1.
~ L 1 0 ( S L '-1') 'I' L " ~ '1 ) I I .\. 'y.' ~ '1'" ( 1 • ~ - ( S t :' ':' SIr; I ) )
U2oS~?T( ~Lll
~L=H2"PI "PI :'P.':'CDS I Till ':'SI"( T'.I /:
1\ 51:; (SL 'l"i~~[':':::;:{)! (3. f)::: j ")::: ( 1.!)- (':'.r(:~:,:I ':,'.))
~52oS~~1(ASII
A5o'SZ~PIC"I~A~~T?'SI~IT()'SI~IT'II/[
-fG'.J=G~J/2.0
ST6~SP'~:J5(AL/%.JI
s r 7 :; G~; 11-::C.u:> { -~G P \., I ::':: 1S ( .\ L 12 • n J
5 T3=Z .o~AL:: 31 'j (:IGl"') '::~ri'l( AL/~.:))
5TJoGP~':OSI~L/2.nl
S r 1 [)= GP"':: C ~lS ..•( 11::;' P "1 I =:' CJ 3 ( AL /2 .•()
5 r 1 L :; 2. l):: ;\ L~: ::'1 : I'll lie-, P'" ) .:::. [' I ( AL I ~•'-1 )
ST12=2.U~~AL:::Sl\1( IlGP'" I :::C:-JS( AL/2.0)
S T 1 .3= GP '1:: C OS ( PC P '1) :::S T' J ( 1\ L./ 2.0 )
Sf 1 tt = t~f'..,,:::;t ,I ( !, L I ;::.•:J I
S T 1 j :::;L .• J ~:t,L ':: S [ \J I ( q ~ P " I :;, l :1 ~ ( ••••L / ;_~.IJ )
STI5oGP'.Sl'jl~L/2."1
5 T L 7 = G P .,:= C :I S -I I H:; p '1 l ':' S J 'I ( A.L / ? • () ,
S T 1 B = ('t. \J~:A L ~ A L - :::;.p q :::C~p ',:
S T 1 :) = It. 0';: A L':: A L" G r :\'::s ft"
S T? o:::~ \,1':::: I '.j( -j:=' "j) ;:' ['1 ~r .'\-;/,~. (1)
5T21=~S':JSI-IL,I) ';'3["( 1,';lz.O)
S T2? ::G'J~: S 1 :'-J:-q 1-I:;'I} :::(:1 Sf 1\ r:../"2 .1l
S T 2 3:: .l\ S :: CD 3 I 1( He.' l ) :::~ I 'J ( f\ S'; ;: • Q )

ST 2i:: ;:;:'.P:;'.\i- 6, S~otI. ';

ST2 5 ::G~l:: :;~J+AS~: 1\ 5
ST2&::SrS-5T7-STl
5r27oST7-ST10-Srll
ST23=STI2-STI3-5TI~
S T2 '} :: S T I 5 - SrI 0 - ~ T 17
5TlOoST25/SrtlJ
STn~STZ7/5Tt'1
ST32=5T-{O.~PT:':STJl
STlJoSrZB/ST 18
ST34oST2J/SII')
S T 3 5:: S T 3 3. r [' '\:;:S T'\ tt

ST3b=ST32*~T3~+~T35~~T~5
ST37~5T2[J-5TZI
ST3B=STZ2+Sf2'3
ST3J=STH/STZ't
SHo=sna/5T2'i
ST~1=3r3~+~~~~r~o
STft2=STltl~5r~L
FU\f: = ST"3S~ ~ T !•.2':' S 1 :If,T~:.)
RETu~n
E';)

'.

~.".,
~'".

\' \

~
.....

- \, ,"
,'. \
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, FILE: reF V~/SI' (DH-L021

TEF02lO0
T["02-770
T["02780
TE"027"0
TEF02BOO
TEFQ?tJIO

, "TEF02tJ20
TEF02tJ30
TEF02B~O
TE::02fJ50
TEF02tJ&O
T""02870
TEF02860
T~"02810
TEF021QO
TEF02?10
TE~02920
TF02BO
TECO?9't0
TEc029S0
TEF[l29&0
TEF02970
TEF02980
TEF02990
rEF)~OOO
TEF03010
T~;03020
TEo03030
TEF030~O
TE=03050
TE=)30S0
HF03070
TE"030BO
TE=O~090
IEFO~I[lO
rr=QHIO
rEF03120
TE~03130
Tf=r-031 '.0
rE"U3150 ,"
rHo3l~01"
TEF O~ 1 7n
TFc03180
TE"031 QO
fEF'J32'J0
TEF03210
TE~J3220
TE~OJ230
TEF03Z40
Tr=nJ250rrC032&O
TEo03270
TE~0~2qO
TF=OlZ70
TEr03JOO

, ,

.SU~)
TrlI> SJJ~,J'JTI'H' IS USED TI] I'HEC.R~T[ TIl" ACJVSTIC INTENSITY'
F~J~ JDJ VALJL::i "JF 'J.
<=J,
(K=K-l
~(='I/(2.U:'~1
TK;U.O
I = I
sn;o.u
~ ALL Fl J~.( :::,S L 'n ,GP:1, GP'\~, Rr 4, r~p: I, A~"t, T R, ': , PI, R0,5 I G t' GR, TH, TK, F UNe )
SLJ'~;S U,'1+FU'C
rK;T<+~,<
1=1 +l
C~ L L F J J~,( : , 5 L~~:i,GP ~1, GP N • R p., ,.RP ~1 , 1\R , T p. , ~ , p [ ,P. I) , S I :;"GI:t , TH t TK " F UNe )
SU'1=S~~~4.J~=J'l~
rK;TK.A<
1=1+1
C.l\LL rrlJ::l: (:, :;L'~'; ,[~p'\t~rr.I,L([)'"qn"I, \Q:, Tn .r: ,PJ ,R(l,SJG,GR,TH,TY.,FUNC)
SU~=SU'~'2.J~~U~~ ) .
IFII.LI.KKI ~I) rJ 17Q
TK=fK'A< I
C 4. L L F J.J ~ t :. , :; L 'n , C;!, ~'l , G P N , ? PH, 1. P r~,(~~, T R , :: , y I , ~ u, S I ~ , G Q. , TH , T K , F UNe I
SUI.1=SlJ.,,'t{ •• :)~FU~-l~. i \ I,
n~=r'{"'A<
CAL L r 0 J < ( C , S Li~' \ • C,p'; , G r) I~ , R P" , R P N • A R , T R. • ::: , P T , R tl , S I :; , Gq, , T H l' T K " FUNC •
SU'",,= S U','" cij\J:
oWl; (h(/ J. 0 I ~SU'I
~EIJRI~
E'IJ

S U:3 ~ ;J 'J T I '-IE.: F J~I~.( C , :; L ., '-...j , G r q , G P 'I , P..p~, , f1 r 'I , !\ r, t T:>. , E • PI, P.O , S I G l' GR , TH ,
.TK. "LJr~:1

r;ls SLJ5~:JlJrr'JEEVALU~rES TlH: "ll~SE "ACI'1R ]~ THE ACCllJSTIC
INT::'ISIIY FT, 'J:J'JVALUeS 'IF 'I.
A.Ll= (~L'.'lJ*F.:;::;:'.) If "j.~)~::::l:',:([.(}- (r:;I:;~:-;! :~)})
AL2~SQRr(ALlI
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