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DYNAMIC ANALYSISOF CLAMPED PLATE
EXPRESSED BY DISPLACEMENTSAND
BENDING MOMENTS

M.S. FETEA?

Abstract: This paper presents the modal analysis for the calculation of
total and modal dynamical responsesin displacements and bending moments
for rectangular plate loaded with a uniformly distributed forces over the
entire surface. Using the multiplier dynamic function is simplifies the
dynamic methodology calculation of plates. The method considered the
shapes functions of plates vibrations as the product of beams shape functions
having the same limits conditions. The results obtained in this paper reveal
the most dangerous sections of the structure relative to the x and y axes.

Key words. modal, plate, vibration, shape, function.

1. Introduction

The flat plate considered for the study is
reported by a Cartesian coordinate system
with the origin in the upper plate left
corner. The plate has dimensions a along
the x axis and b aong the y axis. The
aspect ratio considered for the studied
plateis:

a
a=—=15 1
b )

In applying the modal analysis method
were considered only symmetric modes of
plate vibration plate i, j . For the clamped

plate, the symmetrical shapes appear for
the following normal modes of vibrations
(1,2), (1,3), (3,2). (3,3).

When performing modal analysis was
taken into account the shapes functions

1 1Technical University of Cluj-Napoca.

expressions functions of the beams [1], [4]
[10] having the same limits conditions.

Modal anadysis was performed for
clamped rectangular plate with a harmonic
loading having pul sation:

Q=10 [%] @

Theforceisnormal on the surface plate.
The harmonic force has the expression

[2]:
p(x, y,t) = p(x,y)- f(t) ()

Fig. 1. The force on the surface plate
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2. Objectives

Because of symmetry of plate was
examined only defined domain by
a=3,b=2,showninFigure 2.

Fig. 2. The number of nodes plate

For this plate the bending moments on
the edges along the x and y axes will have
zero values.

Applying the Galerkin-Vlasov method
were determined the parameter pulsations
for the plate ratio mentioned above.

3. Material and M ethod

The own pulsations parameter values are
shown in Table 1. The results obtained in
[1], [5], [6], [7] ae presented for
symmetrical vibration modes.

. b\’
MY =-DJ 3| |[coshb - Y +cosb ¥ |-k [sinhb, Y +sinb ¥
) b ] a Jb J lb lb

The derivatives of order 2 in relation to
the axes and the shapes functions of the

Pul sations parameters Tablel
Vibration | Mod | Mode | Mode | Mode
modes e 1.3 (3.1 (3.3

(1.1
Parameter | 60.8 | 2752 | 13569 | 301.68

I, J.

Pulsations | 7.79 | 1659 | 11.648 | 17.368
Starting from the static moments

expressions in relation to X,y axes, we

express displacement as given by the
product of the beams shapes functions [5],

[7], [11], [12], resulting the bending
moments expressions:
X 62W| (X! y) azvv| (X, y)
M (X, y):_D'[ 612X -n- ajyz
4
o’w  o*w
Mijy(xa y) = _D(ﬁzy -n- NG J
®)
My -0 CB0-G] 2e.09-6,0)]
i X y)= 52x 3y2
(6)

M (%) =D .(62[6. 0-e,m] , laco-e (y)]]
g%y oX

(7)

Developing the  expressions by

explaining the shapes functions of the

beams [2], [3], [5], [8], is resulting the

relations for static moments. They have the
expressions:

(8)

bars are given by the expressions [7],
[8].[10]:
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. b . .
Gj(y):£fj{coshb Y 1 cosh. E’/j k.(smhbj%+smbj%ﬂ (10)

M(xy) =D {(b'] coshb —+cosb jki(sinhbix+sinbixﬂ~
a a a a

(co bj-g—cosbjgj—kj(sinhbjg—sinbjgﬂ‘

b,
-n.|—L coshbJ Y 4 cosb. yj [sinhbj y+sinbjyj .
b b 'b b b

coshb ——cosb j ki(sinhbix—sinbixﬂ} (11)
a a a

2
MY(x, ) =[ 2 (coshb LcosbjXj—kj[gnhbjlmnbjlj.
) b b b b
Kcoshb X _cosb, J ki[sjnhbiﬁ—sjnbifﬂ—
a a a a
bi ? . X . X
-n.|— coshb, —+cosb —k/| sinhb, —+sinb, — |-
a a a a a

coshb -¥ —cosb, ¥ |~k [ sinhb, ¥ —sinb, ¥ (12)
J b I b J J b J b
By multiplying the static moments with M *(x, y,t) = M (x, y,t)- ¥, (13)
the dynamic multiplier modal functions are v oy .
obtained dynamic modal responses in M6y =M 06y 0-%, (14)
bending moments. These expressions are
11, [3]: The modal responses are:

2
Mlxl(x,y)z—D-{blj Kcoshb 7+cosb jk(snhb —+sinb, ﬂ
a a a a
-Hcoshbl-%—cosbl%]-kl(sinhbl%—sinbl%ﬂ-
2

n -[ﬁj Kcosh bl-X+cosle)—kl(sinh b, Y +sin bliﬂ-

b b b b b
-Kcoshb X _cosh, :J kl[sinhblz—sinblzﬂ}‘lfn (15)
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2
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a a a a
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2
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b b b b b
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a a a a

2
M 3 (X, y)=—D-{[b3J Kcosh b3~5+cosb3 ) (smhb —+sinb, H
a a a a

-Kcosh b, %—cosb1%) - kl(sinh bl%—sin b%ﬂ :

2
n B (coshbl-X+cosleJ—kl(sinhblz+sinblzj :
b b b b b
. X . X

Kcoshb X _cosh, J ks[snhb:s——snbs—ﬂ}-‘lgl (17)

a a a a
MZX(xy)=-D-[ 22 T cosnb, X+ cosb, X k[ sinhb, X+ sinb, X)].
1XY)= a '3 33 3 3, 35
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a a a a
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. X . X
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4. Results and Discussions

Modal displacements values are given in
Tables 2 to 5. The total displacements is
given in Table 6. Bending moments modal
responses relative to the axis x and y, are
given in Tables 7 to 14 and tota bending
moments in Tables 15, 16.

Watching these modal displacements is
observed that it obtain the maximum
modal  displacement corresponding to
vibration mode (3.1). The maximum total
displacements is obtained into the node
(1,3).

Displacements mode (1,1) w;, Table 2

bla |0 |1 2 3
01]0 0 0
0 | 0.0031 | 0.0083 0.0107
0 | 0.0057 | 0.0154 0.0197

Displacements mode (1,3) w;, Table 3

bla 0|1 2 3
0 0[O0 0 0
1 0 [ 0.0019 | 0.0005 | -0.0019
2 0 | 0.0035 | 0.0010 | -0.0035

Displacements mode (3,1) w,, Table 4

b/

a |[0]1 2 3

0 |0|O0 0 0

1 | 000058 |0.0155 0.0200
2 | 0] -0.0060 | -0.0159 -0.0205

Displacements mode (3,3) W,; Table 5

bla |0 |1 2 3

0 010 0 0

1 0 | 0.001 0.0003 -0.0010
2 0 | -0.001 -0.0003 | 0.0011

Total Displacements) w,, Table 6

tot

bla|]0 |1 2 3
0 |0]0 0 0

0.0118
0 | 0.0022

0.0247
0,0001

0.0278
-0.0032

Bending moments mode (1,1) M Table 7

b/a | 0 1 2 3
0 -0.010 | -0.027 | -0.034
-0.0017 | 0.0006 | 0.0033 | 0.0045
-0.0031 | 0.0054 | 0.0176 | 0.0230

Bending moments mode (1,3) M; Table 8

bla |0 1 2 3
0 0.0061 | -0.0017 | 0.0062
-0.0018 | 0.0016 | 0.0005 -0.0019
-0.0034 | 0.0055 | 0.0016 -0.0062

Bending moments mode (31) M 3 Table9

bla |0 1 2 3
0 -0.0640 | -0.1740 | -0.2203
1 -0.0106 | 0.0454 | 0.1083 | 0.1293
-0.0196 | -0.0351 | -0.1186 | -0.1706

Bending moments mode(3,3) M ;, Table 10

b/a | 0 1 2 3
0 -0.0113 | -0.0032 0.0115
-0.0010 | 0.0075 0.0022 -0.0078
0.0010 -0.0086 | -0.0024 0.0089

Total bending moments M, Table 11

ba |0 1 2 3

0 0 -0.0916 | -0.2034 | -0.2374
-0.0152 | 0.0552 0.1142 0.1240
-0.0250 | -0.0328 | -0.1018 | -0.1449

Bending moments mode(1,1) M, Table 12

bla | 0 1 2 3

0 0 -0.0020 | -0.0054 | -0.0070
-0.0084 | -0.0018 | 0.0036 0.0058
-0.0155 | -0.0025 | 0.0090 0.0136
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Bending noments mode (1,3) M ), Table 13

b/a | O 1 2 3

0 0 -0.0012 | -0.0003 | 0.0012
-0.0092 | 0,0050 | 0.0016 0.0067
-0.0169 | 0.0097 | 0.0031 -0.0128

Bending moments mode (31) M J| Table 14

bla | 0 1 2 3

0 0 -0.0128 | -0.0343 | -0.0441
-0.0156 | 0.0042 0.0271 0.0369

2 0.0160 -0,0053 | -0.0303 | -0.0411

Bending moments mode (3,3) M J; Table 15

bla |0 1 2 3
0 -0.0023 | -0,0006 | 0.0023
-0.0050 | 0.0040 | 0.0012 | -0.0050
2 0.0051 | -0.0043 | -0.0013 | 0.0053
Total bending momentsM /. Table 16
bla | 0 1 2 3
0 |o -0.0183 | -0.0407 | -0.0475
-0.0382 | 0.0115 | 0.0336 | 0.0310
-0.0112 | -0.0023 | -0.0195 | -0.0350
Regarding modal bending moments

relative to the axis x it is established that
the maximum value is recorded in the node
(0,3) for mode vibration (3.1).

The maximum value of total bending
moment relative to x axes is recorded in

node (0,3) M| = 0.2374.

For modal bending moments relative to
the axis y is established that the maximum
value is recorded in the node (1,3) for
mode vibration (3.1).

The maximum value of total bending
moment relative to y axes is recorded in

node (0,3) \M y\ =0.0475
It is observed that the value of bending

moment in the x axis is 80 % higher than
the bending moment in relation to the y

axis.

Following the modal efforts values
relative to the x and y axes it can be draw
the conclusions:

-for mode (1,1)

X
‘Mll

=0.034, node (0,3)

‘Mlyl‘ = 0.0155, node (2,0)

Bending moment in the x axis is 55 %
higher than the bending moment in relation
tothey axis.

- for mode (1,3),

X
M

=0.0062, node (0,3)

\M 1@\ =0.0169, node (2,0)

Bending moment in the y axisis ~ 64 %
higher than the bending moment in relation
to the x axis.

- for node (3,1),

X
M3,

=0.2203, node (0,3)

\M gl\ = 0.0441, node (0,3)

Bending moment in the x axisis ~ 80 %
higher than the bending moment in relation
tothey axis.

- for node (3,3),

\M %| =0.0115, node (0,3)

\M gg\ = 0.0053, node (2,3)

Bending moment in the x axisis ~ 54 %
higher than the bending moment in relation
tothey axis.
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5. Conclusions

This paper presents the modal analysis
that determines the total and modal
dynamical responsesin displacements and
bending moments for rectangular plate
loaded with a uniformly distributed forces
over the entire surface.

Using the multiplier dynamic function is
simplifies the dynamic methodology
caculation of platess The method
considered the shapes functions of plates
vibrations as the product of bars shape
functions having the same limits
conditions. For symmetric normal modes
was considered as known the own
pul sations.

By applying the superposition principle
is determined the total dynamic responses
in displacements and efforts.

Also the paper presents the sectional
efforts modal percentage deviations values
between relative x and y axes.

The results obtained in this paper reveal
the most dangerous sections of the
structure relative to the x and y axes.
Having the necessary data will be able to
perform the correct strength calculation.
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