Finite Element Analysis of thin plates clamped on the rim of different
geometric forms. Part I: Simulating the Vibration Mode Shapes and
Natural Frequencies

Cornel HATIEGAN
“Eftimie Murgu” University of Resita, Traian Vuia Square, No. 1-4, 320085, Resita,
Romania, c.hatiegan@uem.ro

Edwald-Viktor GILLICH
University Politehnica of Timisoara, Faculty of Mechanics, Mihai Viteazu, No. I,
300222, Timisoara, Romania, edwaldgillich@gmail.com

Ovidiu VASILE
Department of Mechanics, University “Politehnica” of Bucharest, Splaiul
Independentei 313, 060042 Bucharest, Romania, ovidiu_vasile2002@yahoo.co.uk

Marian-Dumitru NEDELONI
“Eftimie Murgu” University of Resita, Traian Vuia Square, No. 1-4, 320085, Resita,
Romania, m.nedeloni@uem.ro

Ioan PADUREANU
“Eftimie Murgu” University of Resita, Traian Vuia Square, No. 1-4, 320085, Resita,
Romania, i.padureanu@uem.ro

Abstract: - This paper comprises an introductive part, in which theoretic notions regarding plates and
their classification are presented, as well as stating some national and international researches published
regarding the study and computing of plates. Also, there are described the defining parameters of the plate
behavior, the mechanic and physic characteristics of steel plates and the geometric characteristics of
rectangular, square, trapeze and parallelogram plates that are to be analyzed. For the finite element
analysis, make with the SolidWorks program, concerning thin plates of different geometric forms,
clamped on the rim, have been described the working condition, the simulation, as well as recording
under the form of images, tables and graphics, the results obtained concerning the natural frequencies for

30 vibration mode shapes of these plates, frequencies that had values between 70 and 1138 Hz.
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1. INTRODUCTION

A plate is generally defined as a solid body that
has a thickness smaller than its length, respectively
its width or a plate can be seen as the materialization
of a surface [1].

Plates are used in different fields such as
mechanical  engineering,  aeronautics, naval
engineering, as well as in constructions.

The categories of plates used in engineering can
be classified according to [2] by:

e The shape of the median plan;

e The size of the median plan;

e The size of the thickness of the median plan;
e The shape of the thickness of the median plan.

The fundamental equation for thin rectangular
plates subjected to compression forces was for the
first time derived by Navier [3].

The free and forced vibrations of different form
plates were analyzed by Timoshenko, Young, Den
Hartog and Thompson [4]-[6].

In the paper [7] there was proposed a method of
their natural frequencies and vibration modes of thin
rectangular plates using Bessel functions, functions
which verify the exact differential bi-harmonic
equation square of thin plates.

Regarding research on obtaining simulation of
vibration modes for determining its natural
frequencies for beams/plates respectively comparing
with experimental results it’s remind:

* Research with simulation of embedded beams
with different levels of depth of the defects obtained
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by analytical calculation and FEM simulation
showed a good correlation [8];

* Simulation by modal analysis to obtain their
natural  frequencies and mass participation
coefficients by the SolidWorks program for thin
plates with defects and also simply supported thin
plates [9]-[11];

* Research obtained by modal analysis of thin
plates with defects that differ of various sizes and
depths of 1 mm located in the center and sides of the
plates. The values obtained were compared with
experimental results, and the relative frequency it
was also determining [12]-[14];

» Obtaining modes of vibration of circular plates
with defects [15] and of rectangular thin plate
simply supported on contour using MATLAB
program [16];

In this paper there are analyzed flat plates with
small size and thin thickness, of various shapes and
without any defect. These plates are clamped on the
rim on all sides.

2. THE DEFINING PARAMETERS FOR
PLATE BEHAVIOR

The dynamic behavior of thin elastic plates of
constant thickness is defined by several markers,
their medication leading to the modification of the
vibration modes shape, of the natural frequencies
and of other essential parameters.

The mechanic and physic characteristics [3] of
the materials the plates are built of are:

e The longitudinal or Young elasticity module

(E);

e The transversal elasticity module (G);

e The density (p);

e The Poisson coefficient (v).

In table 1 there are marked the values of sizes for
steel, the plates are built of, as well as the relation
existing between them.

Table 1. Mechanic and physic plate’s characteristics

Values
2,1x10" [N/m?]
(7,36...7,93)-10"° [N/m’]
7800 ... 7900 [kg/m’]
0,27 — 0,30 [-]

Characteristic
Elasticity longitudinal
module transversal
Density
Poisson coefficient

E
G=——"__
2(1+v)

The leaning mode is another defining element in
the static and dynamic behavior of thin plates [2].

The geometric characteristics of the analyzed
plates in this paper are presented in table 2.

(1

Table 2. The geometric characteristics of the analyzed

plates
Type of plates Geometric Surface area
ype ofp shape
Rectangle pzzzZ A=L-1
Square ’/A A=]?
B+b)-h
Trapeze m A= %
Parallelogram % A= bl -h
where:

e | — the width of the rectangular plate or the
side of the square plate;

L — the length of the rectangular plate;

B — the long axis of the trapeze plate;

b — the short axis of the trapeze plate;

h — the height of the trapeze or the
parallelogram plate;

e b,— the base of the parallelogram plate.

3. THE FINITE ELEMENT ANALYSIS OF
THE PLATES AND THE SIMULATIONS
RESULTS

The chosen method for modal analysis of plates
is the finite element method (FEM) using the
SolidWorks program [17], [18] for 3D design and
simulation.

The modeling of the plates geometry was done in
the Geometry module of SW program, and the 3D
module used for the 4 cases is a thin elastic plate of
rectangular, square, trapeze, respectively
parallelogram shape. The sizes of these plates are
presented in tables 3 si 4:

Table 3. Size of the rectangle, square and parallelogram
plates [mm]

Sizes Rectangle | Square | Parallelogram
Length 1000 500 1000
Width 250 500 500
Height - - 250

Thickness 2 2 2

Table 4. Size of the trapeze plate [mm]

Thickness | Long axis Short axis Height
2 1500 500 250

For obtaining the natural frequencies one has
used the static analysis module for thin rectangular
plates under the action of their own weight.

The obtained results for the four rim clamped
plates, of different geometric forms, having the same
area (250000 mm?), have been transferred in the
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modal analysis module, where the surrounding
temperature was 20 °C.

The stages for the modal analysis in SolidWorks
program [19], [20] are the following: creating the
plates geometry, creating the frequency study type,
choosing the material, applying the constraint (figure
1), discretion in finite elements (mesh), modal
analysis computing and visualizing the results.

a) Plate 1 (rectangle shape)  b) Plate 2 (square shape)

oy
~e
e
~
e

~

c¢) Plate 3
(trapeze shape)

d) Plate 4
(parallelogram shape)

Figure 1 Leaning types of the studied plates

For the modal analysis there have been
determined the first 30 mode shapes. The discretion
of the 3D model has been done with prismatic finite
elements, with the average size of the finite element
of 2 mm, where as the used material from the
program data base was the 1023 Carbon Steel, with
the mechanic properties presented in table 5:

Table 5. Material properties for 1023 Carbon steel

Elastic Shear Mass | Poisson’s
Modulus | Modulus | Density Ratio
[N/mm’] | [N/mm’] | [ke/mr] []
205000 80000 7858 0.29

The discretion in finite elements was carried out
by the option ,,Solid mesh”, using the following
options: High for Mesh Quality, Solid mesh for
Mesh type, Standard mesh and Curvature based
mesh for Mesher Used.

In table 6 the discretion information for the
analyzed plates is synthetized.

Table 6. Mesh information of plates

Plate type according Number | Number of
to the geometric shape | of nodes | elements
Rectangle 63496 32101
Square 64237 32786
Trapeze 61243 30112
Parallelogram 60692 29821

In figure 2 the vibration modes obtained by finite
element simulation for the rectangular plate are
presented.

NN N ™

Mode 1 Mode 2 Mode 3
Mode 4 Mode 5 Mode 6
T N
Mode 7 Mode 8 Mode 9
Mode 10 Mode 11 Mode 12
. U U N
Mode 13 Mode 14 Mode 15
Mode 16 Mode 17 Mode 18
Mode 19 Mode 20 Mode 21
Ny N
Mode 22 Mode 23 Mode 24
Mode 25 Mode 26 Mode 27
Mode 28 Mode 29 Mode 30

Figure 2. Mode shapes for the rectangular plate
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In figure 3 the vibration modes obtained by
simulation for the square plate are presented. In figure 4 the vibration modes obtained by
simulation for the trapeze plate are presented.
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Mode 16 Mode 17 Mode 18 Mode 19 Mode 20

Mode 10 Mode 11 Mode 12 \ \ \ \ \

Mode 21 Mode 22 Mode23 Mode24 Mode 25

NN

Mode 15 Mode 26 Mode27 Mode28 Mode29 Mode 30
Figure 4. Mode shapes for the trapeze plate

Mode13  Mode14

In figure 5 the vibration modes obtained by
simulation for the parallelogram plate are presented.

Mode 1 Mode 2 Mode 3 Mode 4 Mode 5

Mode 6 Mode 7 Mode 8 Mode 9  Mode 10-

Mode 11 Mode 12 Mode 13 Mode 14 Mode 15
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Mode 25 Mode 26 Mode 27 \i x| N \i

Mode 26 Mode27 Mode28 Mode29 Mode 30
Figure 5. Mode shapes for the parallelogram plate
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Figure 3. Mode shapes for the square plate frequencies according to the vibration modes shape

The results obtained by simulation for natural
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of the rectangle,

square,

trapeze,

respectively

parallelogram plates are numerically presented in

table 7.

Table 7. Natural frequencies values for the rectangular,
square, trapeze and parallelogram plate [Hz]

Mod | Plate 1 | Plate2 | Plate 3 Plate 4
e | (rectangle | (square | (trapeze | (parallelogram
shape ) ) )

1 180,04 | 70,987 | 183,39 180,67
2 191,05 | 144,95 | 204,87 193,75
3 210,83 | 144,96 | 241,48 217,22
4 240,66 | 214,87 | 289,74 252,16
5 281,39 | 259,96 | 343,25 298,41
6 333,29 | 261,19 | 399,04 354,52
7 396,37 | 328,52 | 459,96 417,73
8 470,39 | 328,56 | 497,16 482,48
9 491,54 | 416,05 | 524,81 494,12
10 504,98 | 416,07 | 529,85 508,74
11 527,74 | 441,04 | 575,22 540,32
12 555,2 482,78 | 600,5 550,81
13 560,13 | 484,95 | 641,95 589,4
14 602,53 | 596,49 676 617,62
15 650,62 | 596,64 | 722,31 655,6
16 655,19 610,7 | 754,98 693,17
17 718,56 | 611,32 | 806,62 733,02
18 756,53 679,7 | 837,6 779,16
19 792,63 | 679,74 | 891,59 818,56
20 872,63 | 753,28 | 923,97 872,56
21 877,61 | 792,56 | 968,84 911,02
22 961,27 | 795,47 | 982,65 962,26
23 973,64 | 845,35 | 1006,1 963,84
24 976,47 | 845,47 | 10152 985,6
25 999,03 | 915,09 | 1066,9 1009,7
26 1002,2 | 916,66 | 1087 10104
27 1038 952,97 | 1108 1061,3
28 1080,5 | 953,14 | 1149,2 1067,1
29 1084,4 | 1032,9 | 11949 1111,3
30 1135,6 1033 | 1206,2 1138,6

These results are graphically presented in figure 6

(first 15 modes) and in figure 7 (modes 16 to 30).

Natural
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Figure 6. Results for the first 15 modes
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Figure 7. Results for modes 16 to 30

Because 30 vibration modes shape have been
used, the graphic representation was done on two
charts.

4. CONCLUSIONS

It is noted that the number of nodes respectively
the number of elements, achieve the highest value
the square plate. These values decrease gradually to
plates as a rectangle, parallelogram respectively
trapeze, where he recorded the lowest.

For the 30 vibration modes, their natural
frequency values are the highest at trapeze plate type
and lowest values are recorded square plate. For the
other types of plates namely rectangle and
parallelogram, the natural frequency values are very
close within 180 + 1138 Hz.

For the accuracy of the results obtained by finite
element analysis for clamped thin plates of different
geometrical contour, future research can be done on
experimental stand (accelerometer and data
acquisition  system) on  comparison  with
experimental results and record any errors or
deviations.
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