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Vibration of Clamped Parallelogrammic
Istropic Flat Plates with aspect ratio 1,4
by Misso HASEGAWA

(Received Nov. 30,1956)
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1. Tatroduction,

Vibration of square and rectangular plates was discussed by W, R(ilt)z, S. Tomotilfz‘!;,
S. Iguclfzgi) , D, Youﬁ% and M, V. Bartc()sr)l. Vibrations of clamped parallelogramic flat plates
with aspect ratios 1 and 1/2 was discussed by the autlﬁ;))r. In this paper, we shall calculate
the smallest frequency of the vibration of clamped parallelo-grammic isotropic flat plates

with aspect ratio 1/4.
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9. The basic equations,
Let the oblique coordinates axes (x,¥)
be taken in the middle plane of the plate
of uniform thin thickness in such a way
X

that the origin coincides with the center
of the plate and that the axes are para-
llel to the sides (Fig.1). Let us denote
the lengths of edges, thickness, the density,
Young's modulus, and Poisson’s ratio of the
plate by 2@, 2b, %4, ¢, E and p respectively. Fig, 1
Let the angle between coordinates axes be denoted by a.
If w be the transverse displacement of a point on the middle plane and ¢ the time, the

differential equation for w is
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. __Em
where D—m
The boundary conditions are

ow

M:o atxy = @ and y = LB, s )

w = 0 and

where 0 denotes differentiation along the normal,

on
As the problem is so complicated that we shall use the Ritz method, According this
method, the mode of vibration is assumed, If we assume the following mode
w= W@y cospt . e (3)

Eq. (1) is transformed into

60‘;:’ —4m aiﬁg; +2(1+2422) ai‘zgz —4m aa;gs + %;ZV — K'W=0 . (4)
with the boundary c(;nditions

W = 0 and 6617/1/' =0 at ¥ = Za and  y = b e (5)
in which we put m = coS &
and K = fhsme (6)

D

In order to apply the Ritz method, we consider the following integral :

__D ' PW of W2
2U = sin'*acj:“ dx f_b [(AW)’—4m 23y AW+4m( axay)
?W\ W W !
+2(_1—y)(1—m2){( axay> — o oy } _Knﬁ:ldy PN )

We assume for thr expression of W which satisfies the boundary conditions (5), that
W=(a — x5~y Y(Goot Ay + Q2%+ Aoz)’ + QX + QXY + A x®Y?) oo @
in which @,, @, -+~ andas, are arbitrary constants,

Substituting Eq. (8) into U, we have the following equation:

__ 63536D a’b’+ a’bs 2a7b7(1+2n2%) 2 2m(a’d®+ a’b?
U= = ra [{ 3150 T 11025 } G0 T 11005~ el

05611 a9b7

a7b.q azzbs

2h9 11
+( i a’b ap?

11025 17325 ) Qopl20 + <_1—7325 11035 ) @ooQp2+ ZﬂZ(TS‘(W + W)aoadﬂ

a’bt a’b’ a’b* 4 g'1p?
w2 (g7 ) it Cora - dwn+ | LU B

11

@B+ gy 2001+ 202) } 2




26

a.ob,» tlub7 (Z7bu anbg aﬂbn azsby

= 2m\ 5375+ 121275)““"2“‘2’”(_121275 +33075 ) Gt { 72765 1 105105

8atp*(14-2m%) § ab® b | 8ab*(1+2m?)]
1001475 } @ulst 05105 T 72765 T 1091475 §°n4n

@b+ e { ab a®b’ | 2a"b(1+2u2)] 2
+2m (g ) auant | 7%0 T 150150 T 121255 § %

a’b + a?h” ab® a?b’ a’b* aib®
21275 oo + 200 (——121275 525525 ) @20aes—20( 31575+ 353825 ) @ee

@bt a®b? S ash?3 a’b’ 2a75(1 +2m?)} 2
+ (o + 55505 ) G200 0150 V730 T 25§ 0@

a.')bll allb!) a?bls ‘ aﬂbll a7b13
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avly 13a767 _ a'b 34d”b9(1+2m2)‘§ : Sla”bl3+a”b~°
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Since the constants are to be determined so as to make U a minimum by the Ritz
method, we must have

6U_0, aU_O, 6U_0, oU
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L)
These equations are linear in the A’/ s and are found to be :

BzaoAao + BHIAzz + BIZnAZo + BmEAa‘! + B131A31 + B113A13 + BzzzAzz =

=0
T R N I E e + BssAss = 0 ]
............................................................ s eeen(11)
{
B?avoo ‘I' B711A11 + B720A20 + B:oEAo2 + B731A31 + Brz 3A13 + B72‘.’A‘.‘2 = O )
where
Ay=atipti gy b = _b , K= I{’ at = ohatp’sin‘a ,
a D
_14B | AR(142m®) 2Kk o 2mE+R)
Buwo= 575+~ 10235~ ooazs ¢ Buw=Bw= —qygp
R 1 2K I 1 2Kk
Buw=Bw= 1035+ 17325 " 1001475 Dor=Bw=—{735 T Ti035 ~ 1001475
o X E oA I 2
Buu=Buw=2m( 3375+ gop57) - Bow=Buw=2m (53075
Bl 2Kk

Biss=Bjps=B5,= B,5=

121275~ 12006225 ’

k41 4R2(1+2m°) 2KFk*

Bu=—isest 9o 1200625

o R k —Bo= 2m (B R
Bssy=Bs;= —2m (W +~1T27—§) , Bep=Bg=—2m (121275 + 33075 ) '

Y 1 8k(1+2m) _ 2KR o 2m(BtR)
Bowu=Bu= e+t —g5105 + 1001475 52026075 @ D= Bu=—3g3g55
o 1 se(1+2m?) _ 2KR
Bes=Bou = 05705~ T 72765 T 1091475 52026975 °
Buo B, 1 AB(+2w) 2K p o k4l 2Kk
= —3575 75075 121275 4729725 D= Beo= 131575 " T2006225
o 2 3 e i k
Bisi= B = 271’!( 121375 + 535535 ) , Biiz= Bes= 2772( 121275 + 363825 ) )
N 1 2Rm
Be2=Bno = —oz55~+ 55555 52026975
B B 1 4F(+2) _ 2KK
02 = 75075 3675 121275 4729725




28

CBe_ ks k —B .= k % ‘
Buu=Bus= =2 553555+ 21375) + Buo=Bun=2m gzt i)

R 1 2K
Bu:=Bror = —550555= T 20435~ ~ 52026975
po_ 1% 1 e8k(l+2m) __ 2KW
#= 500415 T 315315 14189175 156080025
Bl 16R(1+2m) 2Khs L % A
Bas=Bun= 35315+ — 12006335~ 225450205 Ber=Bm= — 20 1355505+ 1576575
B 13, 68K(1+2m) 2Kk
*5= 315315 T 800415 T~ 14160175 156080925 *
e 2 k
Ben=Bo=—2m (~q5rgoms+ 1330055 -
Bae KL L AE(2m)  2Km
2= 175175 1334025 225450225
If we eliminate A,,, Ay , As from Egs, (11), we have the following

determinantal equation

Bzoo an Bz?o onz B131 Bu3 Bzzz

B7oo B711 B72o B702 B731 B713 B722
3. Numerical caleulations and conclusions.,

Eq. (12) determines the values of K i. e., the frequencies of vibration. The smallest

roots of /K are calculated for several values of a for =4 and are shown in Table 1.

Table 1

« 55° 60° 70° 75° © 900

K 32. 2015 32,2590 32. 3804 32,4304 32. 4972

The true values of K are smaller than those given in the above Table and these values
give each upper limit, We have thus determined the approximate values of K of the plate
with aspect ratio 1/4 for a = 55°, 60°, 70°, 75° and 90°,

The author would like to thank Miss Y. Nagasawa for her aid with the computational

aspects of the problem.
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