CHAPTER IX

SCME LINEAR AND NON-LINEAR PROBLEMS OF
POLYQONAL PLAYRS



CHAPTER II

S0ME LINEAR ANR NON-LINEAR PROBLEMS OF
POLYGONAL PLATRS

ABSTRACT

This chapter, containing seven prohlems, is devoted
%o atudy the static, dynamic and thermal behaviours of polygonal
Plates using conformal mapping technigue. These investigatioms
are ased on the limsar and non-linear theery.

DIFFERENTIIAL RQUATIONS
Pelloving Timoshenke and Woinowsky-Xrisger ( Theory of
plates and shells page 372 ) the differential equation for the
deflection of an orthotropic plate sxoept &t the load point in
restangilar co-ordinate system is

4w otw f2d |
n' wonee + S8 - + B, wonesne ® O (n. 1)
Oxt 8:‘8,. Oy*

The differential equation of the vilrations of
orthe tropiec plates takes the following form
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Por isotropic plate material the equation for vibrations
of such plate takes the following form

D v‘w + S w L (I1.3)
- = -
where L 1s the load funection applied to the plate.

Following the model offered by Biot the differential
squation for visceelastic plates can be put as

d%w
By T4w+ © hoseor- = f (I1.4)

n3Q( &P + g )
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3P(P +4Qq)

and £ 1is the load applied to the plate.
P and § are linear eperators as given by [ Maso, Transient
response of Linear Viscoelastic Plates, ASME, Dec.l1960, P.588_/
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A. DEFLECTIONS OF ORTHOTROPIC POLYGONAL PLATES
UNDER CONCENTRATED LOAD AT THE CENERE®

Let us consider a ciamped edged orthotropie plete
under the action of enncentrated load 'P' at the centre.
For an orthotropic material such as reinforced

eoncrete |
H = (B Dy )i
Thus equation ( II.1 ) reduces to
otw
..5;}..5.;_?- = 0 (11.8)

with the substitution

:131*9,7.

' 2
vhere ©, 1is the root of the eqn. B,Qf«- 2HC, + Dy = O.

. 4

Clearly € = 1w vhere WO = ( Dy /Dy )™ .
The solution of Eq. ( II.5 ) will have two parts

vhere W, is ths particular solution of Bq. ( I1I.5 ) at the load
point and W) 1s the general solution of Bq. ( II.S ).

* Ascepted for publication in the “Indian Journal of
Technology",C3IR, ( India ).



in case of single load P at the centre, the solution
W will be of the form

. 21 %; log--> 2 as.7)
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wvhere L 1s a dimension of the plete.
The general solution of Eq. ( IX1.8 ) will be of the foram

Wy=2g 00 2Z1)+ 2, 02 00 (21)+9C (F) (11.8)

|3
Bge ( I1.7 ) and ( I1.8 ) together give the complete sclution
of Bqe ( II.5 ). Kow the expreselion for 23 in terms
of Z=x+1y 1is

1+ d e
m. >\l N woweeses and 7\ 2 B oo ron o
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Let 2 =L (§+5§5) be the mapping funetion which maps the

domain under consideration on to a unit circle vhere = = e"e o



Let us assume

o ®
$z)) = angn: $Z) = Z:n;én

n=l a= }

- ] - -
sz(zl) = angn, ?(‘,(3'1) aZ Fn%n
’ a=o n=o

o0
ATy = ZE,%“

n=o

For the clamped edge ve have on the boundary

W = 0 (II.10)
and -

- oy = o ) axou)
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Now putting the values of $( z; ), ¢'(Z) =-%- fQ( F3 )} ’
1

(23 )y& 2; we have from Eqs. (I1.6), (11.7), (I1.8) and ((I,11)
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Equating the co-efficients of different powers of = on both
sides and since the co-efficients of different powers of = on
right hand side are purely real, we have
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ag=dg=ag=d, = O and so on.

Where - 4
2 2 _4 o)
1 iy

By = R(1l-5- 368)

Ra 2 g_3
Q = (5-5°- — -3 - w5 )
, |
F, = R(5-35") (I1. 16)
2

I; = -(-%..a,anaa +5%5%)
K; = ~R(5%+5%)

A1 A
“ R = --’}._-3_ -

2 2
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Thus ¢(Z; ) and ¢(Z} ) are completely known.



Now from Bqs. ( I11.6 ), ( XI1.7 ), (11.8 ) and ( 1X.10 ),

we have

% +] o0 @® > <]
N ToNg2) agzPs(yze7aD) nkle 7 .,,,E_mZ:.,g“
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From Eq. (II.17)/after putting the values of Z and Z
and then equating the co-efficients of different powers of < on
both sides /we have
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by = b3=0 and so on.

Tus )0 (Z3) and X (Z; ) are known where A, B;,
C1 ¢es @ts, are zivin by relations ( IX.16 ).

Hence the complete solution of Eg. (IX1.5) is known.
The maximum deflection at the centre is given by

(w )m.' bo + bo (I1.20)

From Bq. (I1.20) and (II.18) the maximum deflection for isotropic
Plate can be deduced putting Dy =D, A\; = land Ng=0.
Thus

2 ;-
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vhere Q) = S(dae 5%



NUMERICAL REBSULTS

The saxinum deflestions of different polygenal plates
beth for weaker and stronger orthotropy have besn saleulated
- and given in Table II.2 The maximum deflections for isetropie
square and eireular plates have also been calculated and
given in Table I1.3. Jor weaker orthotvepy

CoF
L

AL = 1.008 Ng=- 0.006 (

IR

For stronger orthotropy

*

4
7\'1:3»“? lﬂ‘7\"l- 0. 887 (-:g-'m de

TABLE II.1
Mapping fumetion Z~L (5 +55°)
Felygens | m-‘?fumu
side ‘a’ f-—.——T—-— 3
Square .84 a - 0. 108

Pentagon 0. 8968 a -
-il;-l ﬁ-lﬁ‘ a -
Keptagon 0,814 a -
s tagon 0.8100 a -
Cirele of a 0

radius ‘e’




TABLE II.Z2

Maximum deflection of orthotropic plates

X 2
_X ( -?-) = OC -2 - .
of ) X '

side 'a' { Weaker orthotropy [ Stronger orthotropy

i { '

A ,
Square i 0. 0069 s 0.0118
Pentagon | 0. 00856 i 0.0L128
Hexagon j'(: 0. 006377 X 0. 01096
Heptagon I 0. 006256 J 0. 01075
Oc tagon E 0. 006179 X 0.0108
Cirele of I
radius ‘e’ | 0, 0237 i 0.041

TABLE II.3

Maximum deflection of isotropic plates

1 oanegeo. = B
Polz;om ;
side 'a' } Present study gxmwhmglrwgun
i = joKeleger o< -
Square i 0, 006615 1 0, 0066
_Pentagon  * 0. 00558 4 -
Hexagon X 0. 006369 X -
Hep tagon 2 0. 005256 z -
Cotagon | 0. 006193 X -
Cirals of, ; 0. 08 2 0, 02




CONCLUSI ON

In cese of calenlation of maximum deflection of
orthotropic plates of more than 4 sides, only one term of the
nmapping function has been considered.

In caso of square and cireular isotropie plates
the results of this study are in excellent agreement with
the known results.

The deflections of orthotrepic plates ara greater
than those of isotropic plates.

In case of orthotropic plates the deflections
decroase as the nuaber of sides of the polygon inecreases.
The deflection is maximum for a oircular plate.



B. VIBRATIONS OF ORTHOTROPIC POLYQONAL PLATES*

Let us consider a clamped orthotropie plate of
thickness 'h'. The deflection of such plete is given by

W{ x,y,¢) = 'Lwt w( =, ) (11.22)

with this deflection function W (x,y,t) eqaation (I1.2)
reduces to

D o + 2d o +D o ne®w = 0 aI1.23)
mamamwwm T HLl wonwm e - - - - CJ .
* oxt ox20y2 7 oy4 ¢

Taking Bg = D Dy for orthotrople material such as reinforced
econcrete equation (II1.283) is

4w ch w®
16 vecnnna -é----- - occee-e W = 0 (II. 2“)
azfaz : Dy
with the substitution
zl = X + Q‘l y (11.25)

* Accepted for publication in the Journal of the "Indian
Institute of Scienoe” (Indil), Vol. é5, Xo. 8,
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vhere €, 1s the roet of tho equatien

4 2
Dy €1  +20 €1 +Dy = 0. CQearly <, = 1 B8 where

e /B

B = :// "B, (I1.26)

From equation (II.24) we have

(e = (2 2
Smm B @ e - * w- W= 0 a:. a?)
52,02, s 22,02, 4
T
whm x‘ = -~ - Y
Dx

The solution of equation (II.27) will be ef the form

W= uc‘xz/z.lzl)* Ne(‘/zlzl) (11.28)

where I, and J, are Bessel functions of seroth order.
A and B are constants to be evaluated from the boundary
eonditions ef clamped edged plates namely

W = 0O

and . on the boundary 1x.29)

e~ ] o

°Z



Let

be the mapping funetion which maps the domain under
sonsideration on to a unit circle vhere = = o,

Nowv wvith the boundary condition for elamped edged plate as given
W GI.29), One gets, from equation (II.88) and (IX1,30)
(equating the coefficients of the term independent of = on both

sides), the required freguensy equation
I (XK' ) 3¢ (XK' )

n@ 61.31)
I, (K )-J; (X' )
vhere
s 4 / ek 8 8
" - T 1 -
a’&)‘// by L(1+p ) (x1.98)

The solution of equation (I1.33) is k' = 3.8 Henee the frequency
of a polygonal orthotropic slamped plate is

3.2 3  § / ‘;

Qo (‘qm- LI bl - a:.a
. L ) 1+ 0t 3// Chn ‘



NUMBRICAL CALCULATIONS AND DISCUSSIONS

The frequensies for free vidrations eof ertiwtropie
clanped plates of different shapes have been ecaleulated and
are given 1in Table I1,6. The frequemsy for clamped orthotropie
Square plate has been compared with the known resuls. |
The corresponding frequencies of eslamped isotrepie polygonal
Plates have been deduced frem the present study and
have besn compared vith known results (Tadle I1I.8).

TABLE II. 4

Mapping function ecefficiemts

Cirele of redius 'a’ a




TABLE I11.8

Randamental frequency ccefficients for isotropie
clamped polygonal plates

(p2el)
Polygon ¢ 2
of 1 ) V/_ﬁs-.. a
side '2a’ }. y
Present 3Study } Known Results
ﬁ‘{ﬁﬁt:’“ i 7.96 I 8,01 ( Banerjee & Dutta, 1979)
N ST S
Pentagon i 9. 24 I 9.32 ( . " " )
Hexagon i 951 I 9.89 ( " " " )
Heptagon I 9.7 4+ 9.77 ( Shahady : Pasarelli &
X f Laura, 1967 )
Octagon i 9.81 i 9.88 ( " . » )
O G o - TP B W S O D Oy GG o S 0 S - Y . -

Circle of £
radius 'a' 10. 24 10,22 ( Leissa, 1962 )

TABLE II.6

Fundamental frequency coefficients for orthotropic
clamped polnonnl Plates

( /3 = 1.826)

Pol X ~—h .2

N S il

8 @ [ ’

i Presant Study £ Known Results

Iquuatoral X X

Spwre g &S ’{fw‘wrmm’
Pentagon o 684 e e —————
-Eﬁg.ﬂ ..... I _..‘-;‘:—7-3 “““ 'Q-"-‘Q------:-‘----’-‘—"“-
-iw?;mg-- --;‘-sgﬂ LK A 2 4 X Py ¥y y 7 ¥ X ¥ 3 T ¥ J : ...... L X 2 2 2 2 2 J

Oetagon 6. 94 _ e e

Cirecle of ? 7.25 -

radius 'a' | X




From Table I1.5 and 1IX.6 it 1s olmerved that
the results obtained by the present study are in geed
agremment vith known results from the engineering

peint of view.
Thas a single equation (II.33) oan be used with

a good acourscy for predicting vibrations of plates of
any shape with less computational labour.
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C. VIBRATIONS OF POLYQONAL PLATES DUE To SONIC BooM *

Let us oonsider an elastic plate of uniform
thickness 'h'. Considering the cartesian eo-ordinate system,
the Z-axis is taken along the thickness of the plate and
perpendicular to both X and Y axes.

In case of sonic boom loading, it is well-known
that under idealiszed, uniform atmospheric conditions, the
sonic boom, for high altitude supersonic aircraft, ean be
desoribed as N . shaped impulse ( FMgure II.1).
Mathematically, the N - wave may be written as

f 2t at
Lixgst)s P/ (- =)+ (2= 1) B (t-7)]

= Poq(t) (11.34)

Here P, and T are the maximum boom pressire and the boom
period respectively, H(t - T ) is the Heaviside unit step
funetion with values given ly

H(g-2) = O for t <17

H(t-T7) = 1 for ¢t> T

From equations (II.3) and (II,34) one gots,

h o2 w P
v4 w <+ -goa owocasee B u--& q‘t) aI. 36)
D 2¢8 D

® accepted for publigstion in the Jefence Jolenge Jourmal,
dovs. of Ma.%



Now changing equation (II.36) into complex co-ordinates by the
transformation Z = x + £ty and Z = x=- iy

we have,
4
W h .. P
16 -“a + Q ¥ = --.?.- q‘t) (11037)
72272 D D
Let
Z = £(8 )= (L§+‘ag (I1.38)

be the mapping function which maps the domain under

coneideration on to a unit eircle in the complex plane,
wvhere = = “19.

With this transformation one gets from equation (II,37)

/ 24y dz az 23w a%z d'i 23w  a%Z az

8/ 3i¥T5R @ ax Si¥or ik ar | ou¥ar aff o

2%y a%z a%F 7 QB .. 9z 3 az 3

* cnwomon o--u -anwwen - memen ( OO'--) ( ““)

0E2% 4® 4% 2_/ D ax 4=
P 4z 3 a4z
D d= az

Let
Wegw) /1o mezeqefe® / (I1. 40)



be the sclution of W which elearly satisfies the siwply
supported edge conditions wvhen
2

P.m

1

q.m

Again equation (I1.40) satisfies the clamped edge conditions
wvhen

P = ¢ = 1
Sadstituting (II.40) and (I1.38) in equation (II.29)
ohe gets the errer fanstion € ('r, @) s Galerkin's proecedure
requires that |
JE(:.O)U:“«-G : (I1.41)
e

After evaluating the integrals in (II.41) one gets the required
differential equation determining Ve (% ).

The equation on simplyfiecation takes the following
form,

W (t)+ wiwg(t) = c®q(t) (11.48)
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(] 19 € T L o8
gmgr x ( b—u-n & d e ) e - g me e ......) *
' E v % g d & a4 t

€ €
Y { ( bt‘ + d =™+ bd Qg = === d -g* )-7 =
8 8 »

b‘«rbv d : v+ d83°)
- ‘.., - - » P =
(g " ‘9 29

T 9
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d d

®
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YA v
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Q
5" (L6+ 7568L4+ 1878 541.80 15628 56) (5= 8P ¢ ;.)
Taking Laplace transformation of equation (II.42) and

reaembering W,(0) = Wy(c) = O we have,

Ld _— z -
s (t)+ v Wy(e) = € q(¢)
Thus
62
Wo(t) = cemmmmzee () (1. 43)
s +w

Performing inverse transfermaticn of equation (II.43) one gets

B[t
Wp(t) = mee- J q(t- t') sin wt' a¢'
v .
(]
c® 2 (wt- 8in wt )
# ccee { (le COB Wt ) e =ccem —— -
w§ w?

2/ w(te T)- 80 w(ta-T) 7
+ ..-f...---..-..-----------..------_--.‘.‘f BE(teT)

+ £ 1- Cos v(t-!)]ﬂ(t-‘r)} (a1, 44)

Tas W 1is complotely determined.



NUMRNICAL RESULT3 AND CONCLUSION

Graphs have been plotted for both elamped (Fig.1I.8)
and simply supported ( Fig. I1.3 ) plates of different shape
shoving variation of -;—h“m W. periecd ratio.

Wagx, 18 the maximum deflection of the plates in the
present study, W' is the corresponding deflection of the plates
in the static case and the period ntﬁ is defined a» tﬂr
wvhere T 1s the seniec boom peried and T¢ 4s the fundamental
period of the plate.

The expressions for W' 1in the elamped edge and in
simply supported edge eonditions are given in Timoshenko and
Woinoweky~Krieger, Theory of Plates and dhells, P, 180,

It is evedient from Fig. 11.2 and Fig. II.3 that the
deflection ratio ( "sax/Ww' ) attains a maximum value vhen T =Ty
i.0. wvhen the pericd ratio is unity. It 1s also observed from
the figures that the deflection ratio attains local maxiaum
vhen the sonie boom period is an integral muitiple of the
fundamental period of the plate. Ihe oscillation of the
deflection ratio is found to damp out for large pericd
ratio.

The moat interssting feature eof bdoth Fig. IX.2 and
Mg IXI.3 1is that the graphs are identical for any shape of the
Plate and the maximum valme of the deflestion ratio in both



the cases are in excellent agresment vith those of
Masumdar J. and Coledy J., Sound Wibh. ( 1976 ), 48 (4 ),
P, 503 -~ su.'

Farther 1¢ 1s observed that the deflestion
ratio will increase with the doom pressure. 7Thus we
conelude that the boom pressure and boom period have a
significant effect on the vibrations eof the elastie
pPlate,

The results in the present study are simple
and have been obtained with ease and much less
somputational labour.
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¢
D. DEFLECTIONS OF REGULAR POLYQGONAL VISCORLASYIC PLATES
OF SIMPLY SUPPORTED EDORS

Let us consider an elastic plate of uniform thickness
'R, In a cartesian co-ordinate system, the Z- axis is taken
along the thickness of the plate and perpendicular to both X
and y axes.

Following the model offered by Biot the differential
equations fer viscoelastic plates are given by egqn. {II.4).

Let f£( x,y,t ) = f5 u(t) be the load applied to the
plate, vhere u(t) 4is tho unit step function.

For Kelvin type of material equation (II,4) reduces to
after taking Laplace transformation

3
f, hs” ¥
V‘ v = o-p-“qu:‘uno--‘-- - .—E-a qqqqqq - an “)
n3 n?
-==(G+M8)s --;(G+(72:)s
3

wvhere

W T ¢ % W ( x3,t)at
°

In complex co-erdinate system Z = x + iy equation (II.458)
reduces te






i ot W K
6 ~momeommeceae + K1 W = Ky (1.4e)
o8 228 f
3().2 3
vhere ‘1 = —-i ---------- and ‘2 B - -
h (G+0)8) has(G-HQa)

Let Z =2 ( =< ) be the mapping funetion which maps
the domain under consideration on to a unit circle wvhere

E =ret®, Thus 1n (=, % ) comordinates equation (II.48)
reduces to

/"B‘i'i az aZ 3% 4%z 4aZ 23% &7 az

1. SeBoc8 d= d=  05Bos d=® 42 OcPor 4R d=

%7 ez o®Z 7 4z aZ 3
<+ - e o o - /+ 1w ‘-o--) (----
og2% d5® agl®y a= 4%
x,zc‘z)a(ﬁ)’ 1. 47)
= omen —wow .‘7
°" 4a= as

Since the solution of (II.47) is at best difficult we seek
sppProximate method to solve it. Let us assume



- = oy /0 1. 2 _a _ 2
W(E, Ty )mlp(t)(A=ER) /1= =5 ¢+ = (T +E)(L-EE) /
4L 3 2 | -

eee (IX.48)

Clearly W(x= » E5 8) is © dependent and nt%lnn the
— Vol
simply supported edge conditions W =0 and -5%-3% =0 at r=l,

Let 2Z~>~1=z + L;=°® (I1.49)

be the mapping function where L and L; are mapping function
eo~efficients and given in Tadble I for different plates.

Substituting (I1.48) and (I1.40) in (IX.47) one gets
the error function € (r, 0 ).

For minimising the error, Galerkin's procedure
requires that

d 7\
€E(ry0). Wr.dr.dd = 0 (a1.50)

r=0 =0

After evaluating the integrals in (II.50),W,(t) 1s obtained as

follows \V

to -"'ng‘"’
QY I J— SR R — (11.51)

nfaas + n3mas® + o nad
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Taking inverse transformation of (I1.51) the ecentral
deflection is obtained as

Ve fo /. 1 i} 7
%(t) B woeond Seacwe / l"’ A D W . SN S . Bt m (Cl)t"' b) / (II.BQ)
3
Vg OmAL (1. 0)Va ~

vhere
g 2
\ = 0.2063 L + 0.42331%,

2 2
Ng = 339L" \//3. - 3.897 L,

é 4_2 2. 4 6
k/i.o,mn + 0,225 L L, +1.0634 L L, +24.175 L,

4 2 4
\//a-o.sax.ssso.asmn Ll¢7.576L2L1+ 30«.6351»3

uL‘_\{/l"\{/g* \l/a J

A BB o 0 G W W A G G I W A D S S A A A W o O A e

3V,

2 ,.8 2

Ah
CO° »n .rl?__'.f.‘_- B B o 02 -
400 20
8 g 2 4
W = ( -ﬁ-«.“ - o-an-f--h---- ) é
40
400 3

-]
and ¢ = tan © (eeemtene- - 1)
N
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fo Vg
As t—o0, UG(B) = ---3---~-- (11.83)

Gh AV/‘

thus a steady state 1s attended.

Let us mov check the accuracy ef relatien (II.62) for
contral deflection of a square eimply supported viscoelastie
plate of side 'a’'s. Only two terms of the mapping function have
been censidered.

Por square plate of side 'a’

L=0684a and L; = - 0,085a

In that case equation (I1.88) reduces to

4 -
£ / 1 -Bt 7
Wo(t) = 0.01627 2 1t emeere ¢ sttt +®) [/ (I.80)
and (1= wo ) <

Result (I1.64) i3 in excellent agreement with that given by
Mase ( 1960 ).

NUMERICAL CALCULATIONS

(¢)
Ihe eentral deflection --‘-’3-5-- of different polygons

have been caloulated and are given in Tahle I1.8 against
different values ef the time parameter 'Bt'. MPMllowing datas
have been assumed fer numerical calenlations

foa‘ 1

--;;1--10; Vo = - and (wt+$ )= T/



TABLE II.7

Mapping function eocefficients
z~~Ls + L0

LS ALE S S
= S S

dquare { 0.54 a §-@.056 a
~~~~~~~~~~~~~~~~~~~~~~~~ -*---;b-—--n—-’--—---—--oa-

Pentagon i 0,58263 a §-o.oas a
.............. r§-.—--_‘---%On-a---u-*“---qﬁ--n

Hexagon ] 9.5188 a %—0.085 a

S | A
TABLE II.8

Central deflestions of different plates

Bt | Seare ] Petagm | Bemem
0 I o,3s062 I o.2827 I o.2338
2 % 0. 13813 § 0. 14393 ; 0. 12834
4 f 0. 16614 ;1[ 0. 14479 § 0. 11069
8 % 0. 16276 % 0. 12196 é 0, 10844
10 J} 0.16871 f 0. 18191 f!l 0, 10841
15 } 0. 1687 % 0.1219 i 0, 1084
20 { o.26s7 | o.1m19 | 0.,1084
L L L




CONCLUSION

If the mapping funetion is known the deflection
tnncuon‘ ean be easily calculated for plates of any shape.
énly two terms of tho mapping function yield sufficiently
ascurate resul ts.

From the Table II.8 1t is clear that the deflection
function becomes stable vhen 'Bt' reaches the value 10.
For values of 'Bt' less than 10 the deflection funetion
falls sharply and the viseoelastic property of the plates
is prominent and this this region is of very much
importance to design engineers.
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B, VIBRATIONS OF POLYGONAL PLATES DUE TO THERMAL SHOCK*

Let us consider an elastic plate of uniform thickness
'h'. In a cartesian co-ordinate system, the Z - axis 1is taken
along the thickness of the plate and perpendicular to both x
and y axes. The face Z = + h/2 1s sudbjected to a sudden
heating wvhile the other face 2Z = . h/2 together with all
odges Is insulated.

The equation for vibrations of such a plate is given
by [Nowacki, Thermoelasticity page 499

h 8
T (xy7y 80+ (o) )< 78T Gyyyt)e %- W (2yy,8) = O (I1.58)

vhere W(x,y,t) is the dieplacement of the plate and C (x,y,t)
is the temperatura fleld given ity

12 +b/g
_C(x,y,t) R wwme Jl T (l.t) de
h®
..l:/2
Q 96 — 1 _s% 5
= -;-7:'( de -;{f‘- L -;z- e ) (X1.856)
3'1’3-0

oT

* Published in the "Journal ef Sound and Vibration"
(ngland), Vol. 89(4), 1083.



and T @y,t) = .Si.xu) ( say )

Now changing equation (I1.585) into complex eo-ordinates
by the transformation 3 = x + iy and Z = x - 1y, one has,

2
24w 2 ¢ ew |
) 1 J—— “eg- * 4(1+V )X g eccnccan 4 anee W = 0 (x1.87)
2220%Z 220% D
let
Z = £(=)~1% + Lyg ° (11.88)

be the mapping function which maps the domain under consideration

on to a unit circle in the complex plane, wvhere = = ro“.

With this transformation one gets

—— - Leeedd 2
/" 24w 4z 4z >3  a%z a2 2% ¢°% az

n / -“--:ﬁ‘. e G W e - - -

[ 9E¥5:% dt 4t  OLPox a® dt  Ostor gdd 4%

an ®z a2 7 oh 4z 38 4Z 3 .,

+ emcccnce wets ecez [/ toeza(eee) (ae=) W

o502t d4%® ax® , D d: 4z

2% 4z g 42 2
%2 - 4(l+\))0<—t - e epan - (""’-") “"’_") 01-89)

feX-Xap dx d<



Let

w n%(t)&l p P QP§§¢Q§8%' ../7 (1II.60)

which clearly satisfies the simply suwpported edge condition
wvhen

8
P.m
3
and
Q i
3
Also let
Y 'L g 4 '

This states that (  vanishes on the boundary » = L
dubstituting equations (I1.60), (11.61) and (II,58) in equation
(I1.80) one gets the error funetion 6 (2y ) 3 Galerkin's
pmu;u-o requires that

J'e"p @) Wr dxd0 = O ‘ (11.68)
¢

After evaluating the integrals in expression (II.62) one gets
the required differential equation determing Bg(t ).
This eguation, on simplification, takes the ferm

Bo(t) + v Bo(8) = CPK(%) (1.63)



16 A b 4( 1+«))0< \I/ b
-—--—l} wowm o ca = .._--»—9 Ll ot .,3& 'Y
Y% €n \’i Pn 87N

2
(4QV; - 800QL; Yy « 4001.: Vg )

2 28 285 2
(0.5 - 0.5P+Q/g )L *+(BE- o= Prs Q) L,
6 14
o 1p 1
d = + -
6 e ¥

) 5 2 g
- 0, 2P+ 0,4 P = --5*- PQ + O.4q "“;‘ Qs

1 2 g 2 6
(0.8-P+ calf= 0,86 PQ "‘.5 P + 0.l ] )L
3

11 1 1 2o 1 2 6
+ (-- - anPe --Q - “Pq ¢ walf ¢ ee q ) 18“ Ll
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) § 3.8

\IJs- (0.6-0.5P+£Q)L‘+50(0.1-3?0-- Q)L Ll

d
+625(-ﬁ -Oolp‘féQ)Ll
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Taking the Laplace transformation of equation (I1.63) one has

- hd “—" 2 -
s® B, () -sBy(0) - B,(0) + WP B (8) mC E(t) (I1.64)

In the case of a sudden heating of the plate W (x,y,0) = 0,
'W(X’Y’O ) = 0 and hence 80(0) = .BO(O) = O, Thus, from
equation (IX.64), one gets

B, () =c” Et) / ( s24 ) ar.es)

Performing the inverse transformation one gets

v 2
C
B, (t) == J K(t- ¢t ) ein wt' dt’

w
[

8 - %6 g o
3 c // ( l co‘ 't ) .ﬁi [ - 1--—&-9
4 K4

-i2a¢) 7
*p 14pt 34s 7

Thus W 1is completely determined.
Now, from equnation (I1.66), one has the maximum displacement

s 2
2cC
(')nx. = l B,(t) l T eccee x1.67)
BAX ve



Neglecting the inertia term in egquation (I1.63) one gets the
maximum displacement for the guasi-static part as
(wg) ? (I1.68)
3 ‘max * "5 *
e
This value of (W, )m is in good agreement with that given in
Nowvaeki.
Unfortunately there appears to be a printing mistake in
Nowacki / Thermoslasticity page 503 _/ 1in the solution for
the dynamic displacement. That solution should read correctly

as
18 q; (2+V)xy i2 B
Bpp (t ) = —omocmmocemmecmmmo oo n e i sin wt - cos wt
N Xy Bp Xy */3:; ) ad v
o0
96 /32 1 /v vt
- --7—‘-;‘-— '“":;'i‘_/ -o--z sin wt - 3..-- cos wt
J'l,a. .s ﬁ J ﬁ

2 7
1"t /
o j (11.69)

Thus the maximum value of By, (t), which 1s also the maximum
dynamie displacement, is glven ly

( Wq ?uax * ‘ Bun (+) Lux

16 q (e V) Xy . ¢c8

B ecomeme - e W Wen —— e

27\%n B, (V{ + /Gn) ab vt
(in present notation).




NUMERICAL RESULTS

Tabhle 11,9 contains the first term coefficient
of the mapping funetion for elastic plates ef differeat
shap es.

TABLE II.9
Mepping funetion Z = ¢ (5 ) Lz

Polygon of side L
o
Equilateral triangle 1.1388 o
dquare .08 a
Pentagon 1.0886 &
Hexzagon - 4.0376 &
Hep tagon 1.0879 a
Octagon 1.0819 &

Cirole of radius a a

In the present study VWy,e is the total displacement
and in Tadble I1.10, it 1s compared with the quasi-steady
displacement as given dy Nowaecki in his book Thermpelasticity
(Page 499) in the form Vg, (quasi-steady) =iy . . (quasi-steady)
+ Wy pax ( quasi-steady ). For B =0 the two separate
solutions yield tha same result for any shape of the plate.
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The numerical results for different plates have deen

plotted to show the variation of -Y-?%— x ma l Vs. B in
: Ka
Figure I1.4. A graph showing variation of g B it .l.o8

Ka
V8 the number of sides of the regular polygons for B = 0 1is
shown in FMigure II1.8.

TABLE II.10

Comparison of results for tngal displacement
(all results in units of K'a*)

¢) 0.3282 O,3382 0. 2027 0,.2087 0.2543 0.2548
0.6 0.237 0.2134 0.8150 0,193%2 0. 13843 0. 1666
1.0 0.,1846 0,170 0.1671 O, 1545 0. 1433 0. 1388
.8 0.1735 0,1668 0.1870 0,1510 0. 1318 0. 1896
2.0 0.,1897 0.1888 0.1536 0.1801 0. 1889 0. 1887
285 0.1630 0, 1655 0.1581 0.1499 0. 13% 0, 1288
3.0 0.1872 0.1683 0.15814 0.1497 0. 127 0.1283
35 0.1668 0.1852 0.1510 0.149¢ 0. 1867 0. 1288
4.0 0,1666 0.1651 0.1508 O, 1465 0. 1265 0. 1281




Por all the caloulations k' =q; (1+V)o<,.
Only one term of the mapping funetion has Ddeen taken, for
simplicity of caleculation, and that has ylelded
sufficiently ascurate results.

DlscuassIon

From table it 1s evedient that the role of inertia
1s much greater than that given in the book Thermocelasticity
ty Nowaeki, and this 1s quite expected vhen thermal shock
loading is applied to any elastic plate. It is also
interesting to nots from ZTable II.9 that the maximum
displacement obtained from the quasi-steady solution rapidly
falle, vhereas, the maximum displacement as obtained here
enly steadily decreases. This is due to the faect that in
the quasi-steady solutioa the inertis term takes a very
significant role.
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F. THERMAL DRFLECTION OF REGULAR POLYGONAL
VISCOELASTIC PLATES*

Let us consider a plate of medium thickness in a
stationary temperature field T ( x;, xg, x3 ) § the origin
ét the co-ordinate system is situated in the middle plane
. of the plate whish also eontains the axes x; and xp, the x4
being normal to the middle plane ( Figure 1I.6 ).

In the plane state of strese ceouring in a plate of
medium thickness we have the followiag relations between the
ecaponents of the stress and strain tensors . Nowaeki,
Thermoelasticity, page 439_/ 3

G, : )E, + /-.6 (1+7) /
The deformations are related to the deflection of the
Plate as follows $

613 . - xa w": ’ “' J = 1” (21071)

where
2%y

U ,1: WM womoeemonsseos

‘aqbq

* Published in the "International Journal of Mechanical
deiences™ ( England ), Vol. 23, No. 6, 19881,



Inserting equation (II.71) into equation (I1.70), we have

13 ® - ;:)ﬂa (1-v) W;‘:"’L/ w’u“‘(l‘l"\))dg-—CJ/ S‘;} (I1.78)

Now introdueing into the analysis the resultants of the state of
stress — bending moments and torsional moments which are
defined by the integrals

+h/2
Mg = | x3 63y 9%,
-h/8

We have from (II.72) after earrying out the abovo
integration

-

[ / 7
Mgy = -D L(z- \m”“*(./ V Wyt (1+V) o<t T_/ éu (I11.73)

vhere
End

D = T WS

12(1-9%)
Making use ef the equilibrium condition which states that the
sum of all forces acting on an element ef the plate h dx; dxg
should vanish, and using the eguation

H’J’ 13 = 0



2%, 2%y, . Pigg )

i. .. ’ [ P — - 2 - -

Bxla 0230 %g Bx’a

= 0

We arrive at the differential equation to the deflection of
thermally loaded visccoelastic plates as

v‘w«r (1+w>)o<t’<72"c‘ = 0
or, T48wem(0) U2 C -« 0 (11.74)

where W denotes deflection and - Polasson's ratio whieh is a

function of time. o< & is the temperature coefficient and

Nowv considering the equation ef heat conduetion
L vide Novagki_/ we have

2 2 2 b § ‘
( 81 + ag + Da )!(xl,x,.xs) = - -;\--V'(xl,:g,xa) (1x.78)
wvhe
e, 2 ag
B‘ = am---a-- ] i = 1’2.3‘
oxy
h h
Mal tiplying (I1.75) by x5 and integrating frem - - to -y

vith respect to x5, we obtain
2
/2 - 9 5 h/

2 2 / 7k 4 p §
(0. + 2 )frxdx + /) Xy e =P/ a--f w'x
1 g 3 3‘. 35!a ,-.% N |

eee (I.76)



Now introducing Newton's boundary conditions

- o
a1.77)
- 0o

vhere é.l ’ 98 denote the temperatures of the lower and
upper media respectively ( Mig. II1.6 ) and

Tilxyexg) = Tlxyyxgy ‘:‘ )y Tglxzyxg) = Tlxpyxgy - ;-)

we arrive at the relation

a a L L LA L D 2 L 2 2 I wommasas I @ woe PY
( Lt % )T+ haé ~ hame;) . N (x1.78)
where,
2
42 ig
T';.ao Jﬂ Tx’ dx" qs weon= /( V'ls “a
VA -t/g
and
LA W
- I

The relation (II1.78) is independent of the variable x,.
If we assume that the temperature varies linearly with respect



to x3, we have

21-928 . !1.23

T (xl.xg,xs) = - 23 (1.79)
: 8 h

This assumption is closer to the rigorous eolution of
equation (I1.76) when the thickness ef the plate is smaller in
comparison with its other dimensions.

Let,
T+ T,-7
T = -:}—"r? and -t = -i‘g CII.&O)
° s h

Then we have from relatioa (II.,79)
T = 'Co + x;('

Now in a plete vhich ean freely expand in its plane, the
temperature distribdution “C’Q results in no stresses. Under the
above assumptions the stresses in the plate are due only to the
stationary temperature field xa"C( X3yXg J)» S0 we have from
relation (I1,78) making use of (I1.80)

8 i2 l8c 5 q
The equetion (I1.81) is considerably simplified if there is no
source of heat i.e. q = O, in that case equation (II.81) is

reduced to



iz
\Var gt ---(1+e)t- - =5 (91-9g)

Tws C in equation (II.74) 1s given by temperature
eqation (11.88) i.e.

VEC . BT

vhere 18
n2
and
i2
/3 = -;-5-( ‘91- Oa ) = con‘t.nto

80

a1.s2)

ar1.s3)

Now it is advantageous to replace the differential equation

(1X1.74) of the fourth order developed for a plate bty two

oqtuu.ém of the second oxrder.

The expressions for bending moments along x; and Xg

axes aro given by

oty o8y
o xl Oxg
and
8 8
Paln | aTw
M = - D (-u-no-a.—- &> - - ’

Oxg 0 g




81

8o
M, o+ Mg D(1+vY)( v ol
m ™ +* P -
i ’ 8:1’ axf
g
= « D(L +V) <7 W,
u .
or, v = . - (11.84)
where
¥ = -_i‘}}-:-ﬁ
d + v
Thus we have form eguation (I1.74)
VM aom(t) DT (11.885)

The solution of the equations (I1.84) and (I1.88) i3 very
auch simplified in case of a simply supported plate of polygonal

shape.

The solutien of equation(I1.85)is as follows

M = na(s) D

(11.86)

since M and ( Dboth are szsero at the boundary of a simply

suppurted plate.

80 we have from equation (I1.34) and (I1,88),

vg' = -.(t)T



Thus for a simply supported plate it is sufficient to solve
V8w + m(t) T = 0  (11.87)

subject to the condition W = O at the boundary.
Equation (IX1.87) after making a lLaplace transformation reduces
%o,

VEF ¢ emmmeneie- T= 0 (a1.8s)

a(s ) = (1+v)c<

t
and s 1is a transformation parameter.
From equation (II1.79) we have,
€ - J (s )
W - - - - = O (II.”)
V U } By

In a ecomplex co-ordinate system x3 = x; + ixp
Xg = x; - ixg and equations (I1.83) and (II.89) reduce to,

4 cnvnarnvccnn - ka-(' - ﬂ (11-90)



28 % a(s )
4 n---c-ro- L 4 - o - - .DT = o a!. 91)
axaaxa -0' ,

Let xg = f (£ ) be the function which maps the domain
under consideration on to a unit eirele. Thus in (S, <)
co-ordinates eguations (I1I.90) and (II.951) reduce respectively

2 = -
2% C dx dx dx dx
- - xa ---n?- q---_c? Rz - ---?- -mdv_:an aI. m)
g o€ a= a= dE d=
and 25 =) -
4 -;a:.“.:.. +* -!—r“:‘-‘ .o.-(’__ ooft?n --::3- = 0 QI. 93)
ot 2% ns 4T 4z
vhere

@ —_ -1 0
%s n‘ and = = e

To solve equation (II.92) let us take the first term of the
mapping function vhich yields,

dx q
4= az
Thus we have from equation (II1.92),
8
8 '
N SRS E R s U (I1.94)
Vg% 4
wher 2
* (7(8 = --f.:}.-



The closed form solution of the equatien (I1.94) is given ly,

A’
CTaAal(axv g ) Pty T

48

2
lAIe(QOQr)* -f.:}? (11.98)
4-<

Io(2<r) 1s the modified Bessel funstion of seroth order and
A 13 a constant to be evaluated for the presoribed boundary
econdition

CT= 0 at r =l

Thas
' Aat 1
A ’ - D W - [ A AN G TR G
4 < Io(8<)
Henge,
2 -
a / I, (2x<r) 7
4<® ¢ Ip(8<)

is determined completely.
> solve the final equation (II.93), let

-g-x.ao L J -Sf.?.o =

a= = “

= gonstant.



As before with this spproximate equation (I1.93) reduces to

2 -
2" W
- - o + 7\/2.(  J O. aI. W)
R O%
where -
/2 m (s) ) 2
7\ = - - .1
ings

From equation (II.97) after substitution ef the values for | as
given in equation (II.96), we have

k] 2 A /T Ioluer) 7

omemmmwowe B - - o . - A S D N G0l W e g

2E2% 4<% Io(2x )

= P+QqI, (28xr), (1.98)
wvhere,

N2 ga.3 P

P 8 - - /3‘1 - and q B & ewecossse

4 <8 Io (8<)

Equation (I1.58) will have a solation of the form
W anohaoq I.(gxr)
P

where B 1is a constant to be evaluated under the boundary
econdition W =0 at r = 1.



M,
q
BI-P- --O-Zi' 10(24) .m
W P 3 (< )+ Pr® & 3 (2~2)
U EL R
is determined.

It 18 known that W 4is maximum at * = 0 and thus

Q
- P - e A
(w )m = 0&2 Io (@< ) + ot
and putting in the values of P and Q,
X% ma A 1 1 7
( ; ) = """"’“"'"}"" / 1 - ﬁ-a-' P mmmmwmmmw-
«x® < x8 21 o@«< ) Vi
- m(s) & /1 1 7
°’ ( " ).u ;‘-.‘Q-‘. .o ‘ﬂi-}o /1 - --g* -----u---- /
(mg ® w2, " E e )

eee (I1,99)

Taking the inverse transformation of equation {(II,99), the
deflection 1s obtained as,

m (s)) Ayt S 1 7
, B ( / eeoweeeos PO /l - wowe P q--a.qvc---o---
Wnax 0< YTV <28 ~3 1.,(3«)_/
4 -
/ 1 7
= L‘\ (t) 03'---:--- / l - oneoes P ecoe 5--—--—--
18 < VA =8 K& 1o (2 <) _/

= ;L g ath(¥), (1. 200)
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NUMERICAL CALCULATIONS

The central deflection evefficient ( m ) for
different polygons has been calculated in Table IX.11 from
equation (II.100) taking different values of a;, assigned for
different plates. Ka has been assumed to be unity in the
present study.

TABLE I1I.1l

Mapping function x3 = £ (% )~ay=s

t ] ?
Polygons of side 'a’ ' a; ' A ' m /[ Fowsski,
! ! Therno- -
: : : elasticity /
no--‘--—.--oo.--Oonou-—oo:---ou-n--;— ooooo -—-: nnnnnnn - 10 4 D S
8@‘?‘ 'e 84 a : « 00381 : 00289
1]
LA T LY 2 A - - oo J”-nu---—-‘-un--u-u-’ﬁo--ql--n--un-m--u----
'
Pﬂl“pn :.Sm a , .00&' : -
RSO - - " ﬂ_--Jn---—---J - N o 2 2 = 1 1 J
] ¥ s
Hexagon 18519 a 0028 , -
‘QO‘U‘”“-“Q-&"Q“Q--.---'-Q--O-O‘-"----‘--JCQO-‘--O‘OQ“‘---_-‘
t ¢ '
Circle of ' a ' L0306

radius a ' ' ' -




CONCLUSION

If the mapping funetion is known the deflection
funetion for themmally loaded viscoelastic plates of any
shape ean be easily ealoulated using the present atwdy.
It is interesting to note that only one term 0f the
mapping function yields sufficiently aceurate results.
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0,08

o |

dpesial motations used in this probiem

Component of the atress tensor

Components of the strain tenser
Component of the dending mcaent
(1+vV) <%

Co-efficient of internal heat conduction

Qquantity of heat generated in unit volume and
unit time "

Thermal constant

Temparatures of the wpper and lewer media respectively

by 12
- -y k = ------( 1 + é )
g " n8

12

hd

Laplace transforsation parameter

e 8 -
K" / (s)
oo-}o—ﬁ ' ‘7\ a = - - - o» o mo al
4 4m,8

Napping function eo-offisient.
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G. NON-LINEAR VIBRATIONS OF ORTHOTROPIC POLYGONAL
PLATRS CARHXYING CONCENTRATED MASS

Let us consider an elastic orthotropic plate ef
uniform thiekness ‘h'. Considering the cartesian co-ordinate
system, the Z-axis is taken along the thiskness of the plate
and perpendicular to both X and X axes.

Following Berger's approximation the equation fer
nen-linear vibrations ef sush plates oan be edtained dy
forming the Lagrangian fumetion from the sum of the bdending
energies in cenjunetion with the expression for the Kinetie
energy» Finglly spplying Hamilton's principle and Enler's
variational equations the resulting equation ( neglecting
in-plane rotary inertia effeets ) takes the following form

4 o4y 4y g Sy 28y
D’ a?“f* 'l -noeoeess P D' 2“ - 0< ‘ n‘ 3“ + m S
224 oxB0y8 | oyt x® Sy8
/"~ 7 %w
+ / Qh#lg(x). 6(’) / wweese m 0 (11.101)
i , of Of8

wvhere, W 1is the tranaverse deflection, M is the econcentrated
mass at the eentre and = (x)y S5 (y) are Diras Delta funetions

3 ' . 8 3 n 3
Dy -5.3-, D’ :-'!.3. ’ D”u-.?r.., b3 -:-3.-

is is 18 ie



Ep» By; G and B" Deing the constants charseterising the
elastic properties of the plate material. The normalised
constant of integration =< 1s given by ,“Berger's method_/

~<%®  2u /n,. ov 1L oW g 1 /b, W

mwwnne i wessn / woew weo? o leee )

128 ©07x Vv Dg Oy & 0= 3vnx?‘:r

see (1X.102)

where u and v are in-plane displacements along x and y-axes
respectively.

Introducing the complex co-ordinates Z = x + 1y,
Z= x ~ 1y and using the mapping function relation Z = ¢ ()
which maps the domain under eonsideration on to a umit cirele,
the equations (II.101) and (I1.108) in (=, 'c ) eo-ordinates
reiuce to

/ow( a3z a%2 az a7 3 4Z Zy a2 azg aZ 7
A/ 522910 mee —=g e== (== <-§) ( e wn ) (ewm=)
L 0% ada® ae 4% 4zt @:  ac
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vhere

AuDgeDy- 8N, Bu@Dy+6Dy + 4K, C =4 (Dg- Dy)
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and Zaf(%).

Let us take W ( neglecting @ dependence ) in the
Dllowing form,

W W,(t) ‘/1- Wz + Q"z;s %"8_/ (I1.108)

as the solution of equation {I.103).
Now for clamped polygonal plates,

P=sQs= 1 (1. 106)

this clearly satisfies oclamped edge conditions namely

oW
H:Oand-»é-n-ao at » =1 ﬁI.lO?)
%

For simply supported polygonal plates

2 d
P o eco m Q m eew m.m)
3 3



and this clearly satisfies the sisply supported edge conditions
namely

2%y
WuO and ~coeew--- =0 at = =l ax.109)
0% 2%

It 15 to be noted that in cartesian sc-ordinates the simply
supported edge conditions for pelygonal plates are W =0 and

72 W = 0 at the boundary.
Considaring one term of the mapping the fumstion, for
Simplicity we have

Zaf(%) = L= (ax.110)

dubstituting (II.105) and (II.110) in equation (1. 103)
one gets the error funetion < ( 7,0 ); Galerkin's procedure
requires that

C(r,0) Wr dr a® = O aI.111)

After evaluating the integrals in equation (II.11l) we have,

310V w0 - emtt® W v (e

Lm
- e v = L] )
+ {QH\PI* M ‘7\_} Wo(t) =0 ax. us



where
%I ‘ o8 - o" + —-2— ) (II.MS)
g .z &
\P'.( ,SQ *P* e —-;-’Q*Q-’ ) Ql.ui)
k[;a s (BaP+ .33 Q- 5P +,66 Pe+ .2 Q’)L“ (1. 118)

Integrating equation (I1.104) over the eycle 277 ,
the in-plane displacements are eliminated by eonsidering suitabdle
expressions compatible with the boundary conditions for sueh
displasements and thus o< 4s given Wy

182 o e 1 ?x
w oW
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rup Owmp rso Omp
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From equatioa (I1.112) we have putting the value of o<:a from

eguation (II,1d8)

. !
V0 » V'ug(e) + 5 w3 = 0

NN
m \/\ = -"-v-----Q -
nn

h ——
Chvy * -

and
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Now taking W(t) =AF(s)

Equation (II.113) reduces to

F*'{\’*SP‘-O

A

S = 5’,@' and ,e...;-

am 'Ia. '{\48

(1. 118)

a1,.119)

(1.120)

aI1.i21)

II.128)

(aI.123)

Insertion of the values of V and O from equations (II.119),
(11,120) and (II.121) into the equation (IX,123) gives the

relation connesting the relative amplitude A with the

frequensy vw .



NUMERICAL RESULTS

Frequencies of vibrations of different orthotropie
and isotropie polygonal elastic plates have been ealculated
for both the edge conditions and are presented grephisally
showing variation of frequencies with amplitude ( 8 ).
Figure II.7 shows the variation of frequencies (w; ) wvith
the nomber of sides for given mass #Ma’/Dx = 1 and B= O.4.
Figures 1I1I.8 to 1I.13 shov the variations ef freguencles
vith ssplitnde ( G ) for both simply-supported and
clamped edge conditions for square ( Mgs. I1.8 and IL.9 )
pentagon ( Mgs. 11,10 and IX. 11 ) and heptagon (Migs.IX.18
and I1.13 ) ’

Infau caleulations only one term of the mapping
funstion has been considered.

TARLE II.18
i = f‘§ )":lg-

——&.P P °‘£ &.'ﬁ‘“ ‘i A | _

"

EBguilateral triangle 0, 8687¢ a
Square 0.8¢ a
Pentagon 0, 8963 a
Hexagen 0.,8488 a
Hep tagon 0.5139 a




Frequencies of vibrations of sqaare orthotropie
clamped plate of side 'n' for different values of the concentrated
mass have been given in the following Table for comparison with
known results.

TABLR I1I.13

vl’ for square elamped plate of side ‘a'
B/Dx = 04} Dy/By =0.3; hal/n =13 B=0.6

»

€ = ad/by i | bt g "1
I
X

from
Berger's Eguation b Karman's
( Present study ) X Z’im«m.“ﬁ&f
0 30, 18 29, 73
) i8.858 | 18. 10
4 il. B¢ 10. 468
6 .43 2.83
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In the present study n"l.y ons term of the mapping
funetion has been considered and the solutions abtained are
sufficieatly ascurate from the engineering point of view
Frem the present study following ocdservations can be made

1. or a given mass at the emtre the frequencies of
vidrations insrease vith the insrease of number af sides of
the polygen for doth isotropie and orthotropic elastic plates.
For a given polygon the frequencies of vidrations of simply
supported plate are smaller than those of clamped pletes

X1. It is also seen fyom the present study that

the frequencies of vibrations of orthotropie and isotropie
polygonal pletes for beth the edge sonditions decrease with
the inerease of mass at the centre. The effect of tie
concentreted mass is to inerease the potential enmargy of
the system and thus the individual frequencies desrease.
With larger values of < = 4Ma® /Dy irregularity sets
in the vilwation besause of the promsunsed inertial

effeet due to mass [ Lerd Rayleigh, 1996_7.

X111, It is alee oheerved from the Takle II.13 that
the results af the present study are in excellent agresment
with these ebtained by Banerjee B. / 1988 7 whe esployed



Von-Kamman's equations to obtain his solutions. Banerjee's
method of solution is labdorious and needs much computations
vhere as the results of the present study have been
obtained vith ease and aseuraqy.
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