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1. Introduction

Recently the study of the bending of elastic plates with large deflection became im-
portant specially in aeroelasticity. The laterally loaded clamped square plate with large
deflection was studied by S. Way® and the author®. The problem in the case of the
rectangular plates was discussed by S. Levy @,

The problm to be treated here is that of a parallelogrammic, laterally loaded, clamped

plate having large deflections of the same order of magnitude as the thickness.

2. Basic Equations

Let the plate be situated with respect to the two coor- 4 p
dinate systems shown in Fig 1. O-zxyz is the cartesian __.Z__,
coordinate system, O-z/y/z’ the oblique coordinate system,

and the axes of x and z coincide with those of z/ and 2.
X,

The z—axis is normal to the plate.

Let the coordinates of a point of the plate be expressed
by (x, v, 2) in cartesian coordinates, and by (z/, 5/, 2/) in
oblique ones. Let o be expressed the angle between z/- Fig. 1
and y’- axes. Let the components of displacements of points in the middle surface
be expressed by (u, v, w) in cartesian system, and by («/, ¢/, w’) in oblique ones.

Let the thickness and the lengths of sides of the plate be %, 2z and 26. Let Young’s
and shear moduli, and Poissons ratio of the plate be E, G and p#. Then the flexural
rigidity D of the plate is expressed by

Eh®

D= 151

Let the extensions, shear and stresses in the middle surface of the plate be ex, e,, 7y,



0., 0y and 7.y in cartesian coordinates. Then e., e, and 7., are related to the displace-
ments (x, v, w) by the following equations
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The stresses o, oy, and 7., are related to the strain e., ¢, and 7z, by the following

equations
E
O'z=1—;—ﬁ§ (ex-l-/ley),

E 2
0'y=1_—#2(ey+/131),' (2)

T2y =GTzy.
If we introduce the stress function F such that
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O‘z—axu, 0‘y=‘0?, Tey= “‘Tx—dy—,

the equilibrium equations of the plate are expressed in terms of the displacements and

the stress function by the following equations
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in which p is the lateral load per unit area of the plate and 4= 0‘:3 ai;._,.

As the equations (4) and (5) are nonlinear in w and F, it is very difficult to solve

eqs. (4) and (5). Therefore we shall apply the Ritz method to this problem.
In applying the Ritz method, we make use of the expression for the total potential

energy U of the plate and the loads upon it. The expression of U is
= —?S S(Aw)2 dxdy— S S pwdxdy+— S S(a;e; +oyey+ eyl zy)dxdy (6)

for a clamped plate. The integrals are taken over the entire plate.

3. The total potential energy

The expression (6) of the total potential energy U is expressed in =z, v, 2, #, v and
w. We shall express it in &/, y/, 2/, «/, v/ and w’. It will be easily found that the
relations between (z, ¥, 2, %, v, w) and (2, ¥/, 2/, o/, v/, W) are
x=2'+y'cosa, y=3'sina

} (1)

of

=T



u=u'+v/ cosa, v=v'sin a
, } (8)
w=w'.
By using the above relations, dw is transformed into
o’/ Pw | ’w
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By the same transformation, o.e,+oye,+ To)7y is transformed into the following expres-

sion
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Then the expression of U takes the following form
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In the following paper we shall apply the Ritz method to treat the problem of clamp-

ed parallelogrammic plate with large deflection.





