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Abstract

A mathematical model is presented for the usengfreers, technocrats and research workers in space
technology, mechanical Sciences have to operaterualbvated temperatures. Two dimensional
thermal effects on frequency of free vibrationsao¥isco-elastic square plate is considered. In this
paper, the thickness varies parabolic in X- dimtand thermal effect is vary linearly in one diiec

and parabolic in another direction. Rayleigh Ritzthod is used to evaluate the fundamental
frequencies. Both the modes of the frequency aleuleded by the latest computational technique,
MATLAB, for the various values of taper parametansl temperature gradient.

Keywords: visco-elastic, Square plate, vibration, Thermaldignt, Taper constant, non-homogeneous.
1 Introduction

In the engineering we cannot move without considgerthe effect of vibration because almost
machines and engineering structures experienceatidbs. Structures of plates have wide application
in ships, bridges, etc. In the aeronautical fiedddalysis of thermally induced vibrations in non-
homogeneous plates of variable thickness has aigteeest due to their utility in aircraft wings.

As technology develops new discoveries have infiedsthe need for solution of various problems of
vibrations of plates with elastic or visco-elastiedium. Since new materials and alloys are in great
use in the construction of technically designedcitires therefore the application of visco-elastiid

the need of the hour. Tapered plates are genara#iy to model the structures. Plates with thickness
variability are of great importance in a wide véyief engineering applications.

The aim of present investigation is to study twmelnsional thermal effect on the vibration of visco-
elastic square plate whose thickness varies pacaimoX-direction and temperature varies lineanly i
one direction and parabolic in another directians lassumed that the plate is clamped on all doe f
edges and its temperature varies linearly in bothdirections. Assume that non homogeneity oceurs i
Modulus of Elasticity. For various numerical vaduef thermal gradient and taper constants; frequenc
for the first two modes of vibration are calculateith the help of latest software. All results af®wn

in Graphs.

2 Equation Of M otion
Differential equation of motion for visco-elastigquare plate of variable thickness in Cartesian
coordinate [1]:

[D, (Wi #2Woo # W, ) + 2D, ( Wi+ W, ) + 20, ( W, + W, )+

D, {8V, W, )+D,, (W, W, )+20-v)D, W, Fohg W=
(1)

which is a differential equation of transverse motior non-homogeneous plate of variable thickness.
Here, D is the flexural rigidity of plate i.e.

D, = Eh®/12(1-Vv?) @)
and corresponding two-term deflection functionaisan as [5]
W=[(x/ (y/ (L-x/)(L-y/a) [A+A(x/ &(y/ l-x/a)l-y/a)] €)

Assuming that the square plate of engineering nadteas a steady two dimensional, one is linear and
another is parabolic temperature distribution i.e.
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r=r,(l-x/a)1-y*/a%) (4)
where, T denotes the temperature excess above the refemperature at any point on the plate and
T, denotes the temperature at any point on the bovrafaplate and &” is the length of a side of

square plate. The temperature dependence of thaillusoaf elasticity for most of engineering
materials can be expressed in this

E=E(l-v1) @

where , B is the value of the Young's modulus at referercgperature i.ex = O and ¥ is the slope
of the variation of E wittT . The modulus variation (2.5) become

E=E[l-a(@-x/a)l-y* /a*)] (6)
where, ' = VT, (0<a <1) thermal gradient.
It is assumed that thickness also varies parabiigliceone direction as shown below:

h=h(1+px" /a°%) (7)

where,3; & B, are taper parameters in x- & y- directions respettiand h=h atx=y=0.
Put the value of E & h from equation (6) & (7) hetequation (2), one obtain

D, =[EJL—a(l-x/a)1- Y /&) ’(1+ Bx2/a%) Y/ 12(1-v?) ®)

Rayleigh-Ritz technique is applied to solve theqfrency equation. In this method, one requires
maximum strain energy must be equal to the maxinkimatic energy. So it is necessary for the
problem under consideration that

OV -T)=0 9)
for arbitrary variations of W satisfying relevamametrical boundary conditions.
Since the plate is assumed as clamped at all threefiges, so the boundary conditions are

W =W,X=O ' X:O’a

W=W, =0 y=0,a (10)
Now assuming the non—dimensi,onal variables as
X=x/aY=y/laW=W/ah=h/a (11)
The kinetic energy T* and strain energy V* are [2]
T =@/2)p pZEaf’jOlj:[(u B.X 2 W 2ldYdX 12)

and
V = Q[ - a@-X)A-Y2)IA+ BX VW, ) 2+ Wy )?

+2V\N’xx W’YY +2(1_V)W XY )2 JdydX
Using equations (12) & (13) in equation (9), oné ge

VvV -FT)=0 (14)

(13)

where,
V"= j;j;[l—a(l— X)(A=Y2)|(L+ BX2){(W, )2+ (W, )
+2VV—V’XX V_Vw +2(1—VW_V XY ¥ JdYdx

d
an o o
T" = jo j L@+ BX)W? JdYdX (16)
Here A =12p(1-V* B’ /Eh,* is a frequency parameter.

(15)
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Equation (16) consists two unknown constants i;e& A\, arising due to the substitution of W. These
two constants are to be determined as follows

oV™ =T )/0A, ,n=12 (17)
On simplifying (17), one gets
bnlA + bnzAZ =0 ,n=1,2 (18)

where, by, b, (h=1,2) involve parametric constant and the fregygrarameter.
For a non-trivial solution, the determinant of teefficient of equation (18) must be zero. So oeis,g
the frequency equation as

bl 1 b 12

=0
b,,b,, 49

With the help of equation (19), one can obtainsiadgatic equation in® from which the two values of
A ?can found. These two values represent the two moftigibration of frequency i.e\,(Model) &
A(Mode?2) for different values of taper constant #retrmal gradient for a clamped plate.

3 Resultsand Discussion

All calculations are carried out with the help cftdst Matrix Laboratory computer software.
Computation has been done for frequency of visest®l square plate for different values of taper
constant{f3; andf3,, thermal gradientr, at different points for first two modes of vibiats have been
calculated numerically.

In Fig I: - It is clearly seen that value of frequg decreases as value of thermal gradient incsease
from 0.0 to 1.0 foB; = B, =0.0 for both modes of vibrations.

In Fig II: - Also it is obvious to understand ttiecrement in frequency f@= $,=0.6. But it is also
noticed that value of frequency is increased withihcrement iff; andp,

In Fig lll: - It is evident that frequency decreasmntinuously as thermal gradient increafes0.2,
B,=0.4 respectively with the two modes of vibration.

In Fig IV :- Increasing value of frequency for hatf the modes of vibration is shown for increasing
value of taper constafit from 0.0 to 1.0 an@,=0.2,0=0.4 respectively. Note that value of frequency
increased.
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Fig |:- Frequency vs. thermal gradienfigt 3,=0.0
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Fig Il:- Frequency vs. thermal gradienifat 3,=0.6
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Fig lll:- Frequency vs. thermal gradientfat0.2,3,=0.4
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4. Conclusion

Results of the present paper are compared witarjfl]it is found close agreement between the
values of frequency for the corresponding valuegasimeters. Main aim for this research is to
develop a theoretical mathematical model for s@entand design engineers so that they can
make a use of it with a practical approach fontledfare of entire planet.

Acknowledgement

It is with a feeling of great pleasure that we veblike to express my most sincere heartfelt grdétto
Sh. Tarsam Garg, Chancellor of MM University, Harg4dINDIA) and Head of the Mathematics Dept.
Prof. (Dr.) Deepak Gupta for providing us the nseeg facilities in the department.

5. References

1. AK. Gupta and Lalit Kumar. (2008). “Thermal effecon vibration of non-homogeneous
visco-elastic rectangular plate of linearly varyitiickness in two directions”, Meccanica,
Vol.43, pp. 47-54.

2. AKK. Gupta and Anupam Khanna.(2010). “Thermal Bffém Vibrations Of Parallelogram
Plate Of Linearly Varying Thickness”, Advanced SasdOf Theoretical Physics, Vol.4, No.17,
pp. 817-826.

3. AK.Gupta and Harvinder Kaur. (2008). “Study of th&ect of thermal gradient on free
vibration of clamped visco-elastic rectangulartgdawith linearly thickness variations in both
directions”, Meccanica , Vol. 43(4), pp. 449-458.

4. A. Khanna, Ashish Kumar Sharma and Meenu Bha®11). “Vibration of Non-homogenous
Visco-Elastic Square Plate of Variable ThicknessBioth Directions”, Innovative System
Design and Engineering, U.S.A. ,Vol.2. No.3, pp3-1234.

5. A. Khanna, A. Kumar and M. Bhatia.( 2011). “A Contgtional Prediction on Two
Dimensional Thermal Effect on Vibration of Viscaastic Square Plate of Variable Thickness”,
Presented and Published in Proceeding of CONIARE béld in UPES, Deharadun.

6. A. Khanna, Ashish Kumar Sharma. (2011). “Study rekfVibration of Visco-Elastic Square
Plate of Variable Thickness with Thermal Effectinbvative System Design and Engineering,
U.S.A,, Vol.2. No. 3, pp. 108-114..



This academic article was published by The International Institute for Science,
Technology and Education (IISTE). The IISTE is a pioneer in the Open Access
Publishing service based in the U.S. and Europe. The aim of the institute is
Accelerating Global Knowledge Sharing.

More information about the publisher can be found in the IISTE’s homepage:
http://www.iiste.org

The 1ISTE is currently hosting more than 30 peer-reviewed academic journals and
collaborating with academic institutions around the world. Prospective authors of
IISTE journals can find the submission instruction on the following page:
http://www.iiste.org/Journals/

The IISTE editorial team promises to the review and publish all the qualified
submissions in a fast manner. All the journals articles are available online to the
readers all over the world without financial, legal, or technical barriers other than
those inseparable from gaining access to the internet itself. Printed version of the
journals is also available upon request of readers and authors.

IISTE Knowledge Sharing Partners

EBSCO, Index Copernicus, Ulrich's Periodicals Directory, JournalITOCS, PKP Open
Archives Harvester, Bielefeld Academic Search Engine, Elektronische
Zeitschriftenbibliothek EZB, Open J-Gate, OCLC WorldCat, Universe Digtial
Library , NewJour, Google Scholar

m EB O INDEX (\@‘ COPERNICUS
I N T E RN A TTITIT ON AL

INFORMATION SERVICES
ULRICHSWES,  JournalTOCs @

N A ;
. E'z B Elektronische
lBAS(E T— Q0@ Zeitschriftenbibliothek O

open
> )
OCLC v)

The world’s libraries. — U cDigitalLibrary —
Connected. WorldCat e

Ny

'- ¥
GEORGETOWN UNIVERSITY
LIBRARY



http://www.iiste.org/
http://www.iiste.org/Journals/

