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The data here reported refer to the numerical examples
shown in the research article “Wave based method for flex-
ural vibration of thin plate with general elastically restrained
edges” (Liu et al., 2020 [1]). Within the examples, only the
datasets regarding the plates with elastic or elastic-damping
supports are provided. The datasets contain the raw data di-
rectly obtained from the forced vibration simulations. The
simulations are carried out using two methods: the finite el-
ement method realized in ANSYS Mechanical APDL and the
proposed wave based method (Liu et al., 2020 [1]), imple-
mented in a MATLAB code. The data obtained from ANSYS
serves as reference for the response of the plate under dif-
ferent boundary conditions. For each frequency, the trans-
verse displacements of the plate at two pre-selected points
are listed in the spreadsheet (e.g. MS Excel). When damping
is present, they are separated into real part and imaginary
part. This part of data can be used as reference when other
novel methods are developed. The datasets obtained from
MATLAB include the contribution factors as well as the wave
functions. Based on them, one can obtain the displacement
as a complex number at any point of the plate after a simple
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postprocessing. Postprocessing codes to obtain the frequency
response function for a user-given point and the displace-
ment field at a user-given frequency are also provided. This
part of data presents much more information than the pre-
vious part as well as the corresponding results in the related
research article. It makes it possible to see the responses at
other points or other frequencies that are not considered in
the research article, without repeating the time-consuming
simulations. Moreover, if someone wants to further improve
the wave based method, this part of data will be helpful, ei-
ther for analysing the limitations of the proposed method or
for more direct comparisons. Any research related to the flex-
ural vibration of plate can also consider the data provided in
this article.
© 2020 The Authors. Published by Elsevier Inc.
This is an open access article under the CC BY license.
(http://creativecommons.org/licenses/by/4.0/)

Specifications Table

Subject
Specific subject area
Type of data

How data were acquired

Data format
Parameters for data collection

Description of data collection

Data source location

Data accessibility
Related research article

Mechanical Engineering

Structural vibration

Table (excel files)

Dataset (mat files)

Postprocessing codes (m files)

Data in the excel files were obtained through the simulations in ANSYS
Mechanical APDL 17.2, using Finite Element Method (FEM). Datasets in the
mat files were obtained from the numerical computation implemented in
MATLAB, using the modified Wave Based Method (WBM) introduced in the
associated research article [1].

Raw

In the numerical simulations of the plate, the important parameters
include geometric parameters, material parameters, excitation parameters,
boundary conditions, measuring points and quantity, and modelling
parameters. While the modelling parameters refer to element type and
size in FEM, they are wave functions and truncation factors in WBM.

The datasets were collected from five numerical examples. They
respectively analyse the rectangular plate with uniformly elastic supports
(E-E-E-E), with uniformly elastic-damping supports (ED-ED-ED-ED), with
non-uniformly elastic supports (E1-E2-E3-E4), with elastic-damping
partially supports (PS), and the irregular pentagonal plate with
non-uniformly elastic-damping supports (IR). The E-E-E-E example
considers five cases regarding different spring constants. The ED-ED-ED-ED
example has two cases for different damping coefficients.
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With the article
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Value of the Data

+ The data is useful for investigating the flexural vibration of thin plates, developing new nu-
merical methods for structural dynamic problems and improving the wave based method.
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 The data is useful for engineers and researchers who need to control or analyse the vibration
of a structure like plate, and also helpful for those who work on the numerical prediction
tools.

+ When developing other methods for plate bending problem, one can use the data for com-
parison or as reference.

+ The data can be further analysed to get more insight in the flexural vibration of thin plates.
For example, it is possible to investigate the influence of boundary conditions by additional
comparison among datasets.

+ The researchers interested in the WBM might find the postprocessing codes useful. Working
on the WBM for plate bending problems, they can directly get the wave functions and the
solutions of contribution factors.

1. Data Description

The data presented in this article were obtained from the numerical simulations of two plates
with general elastically restrained edges. The two plates are shown in Fig. 1. They are made of
the same material with density p = 2700kg/m3, Young’s modulus E = 70 x 10°N/m?, and Pois-
son’s ratio v = 0.3. They also have the same thickness h = 0.002m. The edges of the plates are
restrained by springs and dampers. The transverse displacement of edge I'; is subject to the lin-
ear spring with stiffness k,;, and the linear damper with damping coefficient c,,;. Meanwhile,
the rotational displacement of edge I'; is subject to the rotational spring with stiffness ky;, and
the rotational damper with the damping coefficient cy;. All the stiffnesses and damping coeffi-
cients are defined per unit length, and the rotational springs and dampers act in the direction
aligned with the bending moment. For the two plates, the simulations evaluate their flexural
vibration when they are under the steady-state force excitation e/’ at point F(0.235m, 0.14m).
The amplitude of the force is 1N and w is the circular frequency.

As shown in Fig. 1(a), the first plate is rectangular with the dimensions a x b = 0.75m x 0.5m.
Datasets include the results of this plate under four types of boundary conditions (BCs) with
respect to the supports along edges, i.e., the uniformly elastic supports (E-E-E-E), the uniformly
elastic-damping supports (ED-ED-ED-ED), the non-uniformly elastic supports (E1-E2-E3-E4) and
the elastic-damping partially supports (PS). Among them, the E-E-E-E type contains five cases,
with respect to the different combinations of translational stiffness k, and rotational stiffness
kg. The ED-ED-ED-ED type has two cases, corresponding to the two levels of damping, cy/kw =
Co/kg = 0.001 and cw/kw = cy/kg = 0.01.

The second plate is pentagonal, and its geometry is shown in Fig. 1(b), determined by the
coordinates of its vertexes. As is shown, the pentagonal plate can be enclosed by the rectan-
gular with dimensions Ly x Ly = 0.75m x 0.5m. Regarding this plate, only the datasets for one
type of BCs are provided. In this case, the plate is with the non-uniformly elastic-damping sup-
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Fig. 1. The plates with general elastically restrained edges: (a) the rectangular plate for numerical examples E-E-E-E,
ED-ED-ED-ED, E1-E2-E3-E4 and PS; (b) the irregularly-shaped pentagonal plate for numerical example IR.
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Table 1

Summary of the simulation cases corresponding to the datasets collected from ANSYS FEM. In these excel files are the
tables for the transverse displacements of the points wy and w, (shown in Fig. 1) within the given frequency range at
the intervals of 1Hz.

Damping
Excel filename Sheet Tyre of BCs  Stiffness cw/kw=cy/ky Frequency (Hz)
ANSYS_EEEE Kw100Ka1000 E-E-E-E kwa®/D = 100,kga/D = 0 1-1000
1000
Kw10Ka1000 E-E-E-E kwa®/D = 10,kya/D = 1000 0 200-500
Kw1000Ka1000 E-E-E-E kwa®/D = 1000,kga/D = 0 200-500
1000
Kw100Ka10 E-E-E-E kwa?/D = 100,kya/D = 10 0 200-500
Kw100Ka100 E-E-E-E kwa?/D = 100,kya/D = 100 0 200-500
ANSYS_EDEDEDED C0001 ED-ED-ED-  kya3/D = 100,kya/D = 0.001 200-500
ED 1000
€001 ED-ED-ED-  kya®/D = 100,kya/D = 0.01 200-500
ED 1000
ANSYS_E1E2E3E4 (=0 E1-E2-E3- kw1a3/D = kgya/D = 10 0 200-500
E4 kw2a?/D = kg,a/D = 100
kw3@®/D = kg3a/D = 1000
kwaa®/D = kgsa/D = 10000
ANSYS_PS C0001 PS kwa?/D = 100,kga/D = 0.001* 200-500
1000*
ANSYS_IR €0001 IR (ED1- kwiL3/D = 104 kg Ly/D = 0.001 200-500
ED2-ED3- 10?
ED4-ED5) kwaL3/D = 103, kg, Ly /D =
10*
kw3L3 /D = 104 kg3Ly/D =
10°
kwal3/D = 103, kg4Ly/D =
102
kwsL3/D = 102, kysLy/D =
103

* For the PS type, the stiffness and damping parameters are only for the supported parts, i.e., edges from a/4 to 3a/4
in x direction and from b/4 to 3b/4 in y direction. Otherwise, the values are zero.

ports (ED1-ED2-ED3-ED4-ED5). Since it is the only case for an irregularly-shaped plate, it is
represented in short using “IR” and the corresponding datasets were named with “IR”.

For all the simulations, datasets are provided separately for the two different numerical
methods. Data collected from ANSYS FEM are the transverse displacements of the points w; and
w; (see Fig. 1) at each computed frequency. In no-damping cases, only the real part is provided.
In the damping cases, the real part and imaginary part are separated into two columns. The
corresponding cases, as well as the available frequency range for each excel file, are specified in
Table 1. The stiffnesses are given as their non-dimensional forms and the damping coefficients
are related to the stiffnesses. The notations can refer to Fig. 1, and D is the bending stiffness of
the plate, which is given by D = Eh3/[12(1 — v?)].

Data obtained from MATLAB WBM are the contribution factors of wave functions, which
are the primary solutions of the wave based model. The datasets are saved in the MATLAB
workspace (mat files). The corresponding cases of these mat files, as well as the available fre-
quency range are summarized in Table 2. Since the truncation factor T, which are used to limit
the number of wave functions, is not always the same for all cases, its value is also listed in
Table 2 for each case. For the case of the pentagonal plate (IR), two datasets are provided. The
dataset “PDD_IR_T_2” was obtained with T = 2, and “PDD_IR_T_2" was obtained with T = 4. The
latter one, with larger value of T, used more wave functions in the simulation and provides
more accurate results. Each mat file in Table 2 is the dataset for a single simulation. It contains
the information that is necessary for postprocessing and specific to the corresponding simu-
lation. There are three variables. One is the structure array “PDD”, which contains two fields:
“PDD.freq” is for the frequency and “PDD.coe” is for the contribution factors. For each frequency,
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Table 2
Summary of the simulation cases corresponding to the datasets collected from MATLAB WBM. In these mat files are the
wave function contribution factors for each computed frequency.

Damping
Mat filename Tyre of BCs Stiffness cw/kw=Co/ky Frequency (Hz) T
PDD_Kw100_Ka1000 E-E-E-E kwa?/D = 100,kga/D = 0 1-1000 2
1000
PDD_Kw10_Ka1000 E-E-E-E kwa®/D = 10,kga/D = 1000 0 200-500 2
PDD_Kw1000_Ka1000 E-E-E-E kwa?/D = 1000, kya/D = 0 200-500 2
1000
PDD_Kw100_Ka10 E-E-E-E kwa3/D = 100,kya/D = 10 0 200-500 2
PDD_Kw100_Ka100 E-E-E-E kwa?/D = 100, kga/D = 100 0 200-500 2
PDD_ED0001 ED-ED-ED-  kya®/D = 100,kga/D = 0.001 200-500 2
ED 1000
PDD_ED001 ED-ED-ED-  kya®/D = 100,kga/D = 0.01 200-500 2
ED 1000
PDD_E1E2E3E4 E1-E2-E3- kw1a3/D = kgya/D = 10 0 200-500 2
E4 kw2a?/D = kgoa/D = 100
kw3a®/D = kgsa/D = 1000
kwaa®/D = kgsa/D = 10,000
PDD_PS_T 4 PS kwa®/D = 100,kqa/D = 0.001" 200-500 4
1000*
PDD_IR_T_2, PDD_IR. T 4 IR (ED1- kw1L3/D = 104 kg Ly/D = 0.001 200-500 2o0r4
ED2-ED3- 10?
ED4-ED5) kwaL3 /D = 103, kgyLy/D =
10*
kwsL3/D = 104 kg3Ly/D =
103
kwal3/D = 103, kg4Ly/D =
10?
kwsL3/D = 102, kgsLy/D =
10°

* For the PS type, the stiffness and damping parameters are only for the supported parts, i.e., edges from a/4 to 3a/4
in x direction and from b/4 to 3b/4 in y direction. Otherwise, the values are zero.

the contribution factors are expressed as a vector in the “PDD.coe”. The other two variables are
the flag for damping “D_flag” and the truncation factor T. If damping is considered in the BCs,
“D_flag” is equal to 1, otherwise “D_flag” is equal to 0. The truncation factor T is a parameter
that is used to limit the number of wave functions based on the truncation rule [1,2]:

ng, T N7
~ Tkp. 1
L~ =T (1

where, k, is the plate bending wavenumber and kj = y/phw?/D, ns, 7 /Lx(ns; € N) and
ns,7 /Ly(ns; € N) are the largest wavenumbers of the considered wave functions. In other words,
the wave functions with the wavenumbers kys, = s17 /Ly (s1 =0,1,2,...,n5;) and kys, = s7 /Ly
(s2=0,1,2,...,n,) are used for the wave based modelling. Then, the total number of wave
functions is given by ns = 4(ns, + 1) + 4(ns, + 1), which also indicates ns unknown contribution
factors of the wave functions. Therefore, the truncation factor T in the dataset records the wave
functions that are used in the particular simulation.

For the WBM, postprocessing is necessary to get the plate displacement. Hence, postprocess-
ing codes are provided. With these codes and the mat files, more results than those shown in
the associated research article can be obtained. There are five MATLAB codes (m files) in the
supplementary files:

» “Postprocessing_FRF.m” is to obtain the Frequency Response Function (receptance) at any
point of the plates;

+ “Postprocessing_Field.m” is to get the displacement field for the rectangular plate;

- “Postprocessing_Field_IR.m” is to get the displacement field for the pentagonal plate;
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 “CoeBaseFuncX.m” and “CoeBaseFuncY.m” are the functions used to construct the wave func-
tions in the postprocessing m files, so that the contribution factors can combine with the
wave functions to obtain the displacements.

There is also an additional mat file (map.mat) containing the colour information for the con-
tour plots in the “Postprocessing_Field.m” and “Postprocessing_Field.m".

2. Experimental design, materials and methods

Numerical simulations were carried out on two thin plates that satisfy the Kirchhoff plate
theory [3]. The two plates have different shapes and plane sizes, as shown in Fig. 1, but
the same thickness h = 0.002m. Both plates are made of aluminium. The material parameters
0 =2700kg/m3, E = 70 x 10°N/m? and v = 0.3. A steady state excitation through a unit normal
force acting on point F(0.235m, 0.14m) is considered. The translational and rotational displace-
ments of the plate along edges were restrained with elasticity and damping. The restraints were
modelled using translational and rotational springs and dampers. Translational and rotational
spring constants were respectively given by ky, and ky, and the corresponding damping coeffi-
cients were given by ¢y and c¢y. The boundary conditions were determined by their values and,
for different simulations, the values are shown in Tables 1 and 2. The numerical methods for
simulations are the FEM achieved via ANSYS Mechanical APDL 17.2 and the WBM implemented
in MATLAB.

For the simulations in ANSYS, the two plates were modelled by SHELL63, the four-node lin-
ear shell element based on the Kirchhoff-Love theory, with six degrees of freedom at each node.
The unused degrees of freedom, i.e. the translations in x and y directions and the rotation in z
direction, were set to zero. Element size was 0.0025 m, for the rectangular plate, and 0.0024 m,
for the pentagonal plate. Along the edges of the plates, the generic elastically restraints were
simulated using COMBIN14, the nodal-based spring-damper element. Each COMBIN14 element
combined one fixed node and one node on the plate edge, with a single degree of freedom,
either translation in the z direction or rotation along the edge. Since the edge pressure is allo-
cated to the element nodes, the continuous stiffness and damping along the edge should also
be allocated to nodes. For the length [, between two nodes, the stiffness and damping allocated
to the two nodes were given by

I<+=k*=%,c+=c*=%e, (2)

where ‘+’ denotes the left side of the length I and ‘-’ denotes the right side, k and c are respec-
tively the stiffness and damping per unit length. Each of the nodes along the restrained edges
are connected to one COMBIN14 element for translation and one COMBIN14 element for rotation.
After applying the unit force at the point F(0.235m, 0.14m), harmonic analysis was performed at
the intervals of 1Hz within the frequency range listed in Table 1, for each corresponding simu-
lation case. After the simulations, the displacement at points w;(0.48m, 0.31m) and w,(0.525m,
0.14m) in terms of its real part and imaginary part were listed and saved to the corresponding
spreadsheet (excel files).

For the simulations in MATLAB, they followed the WBM for flexural vibration of thin plate
with general elastically restrained edges proposed in the associated research article [1]. The
method is modified from the conventional WBM [4] for plate with classical boundary conditions.
After defining the geometry, material properties, excitation force and boundary conditions, the
wave based model was built for each computing frequency. The main points in the modelling
process are the definition of wave functions, the particular solution of the force and the imple-
mentation of the weighted residual formulation. Meanwhile, the truncation rule Eq. (1) is used
to limit the degrees of freedom of the model, which is equal to the number of wave functions.
Based on Eq. (1), more wave functions will be used if the truncation factor T is increased. Since
the wave based model converges towards the exact solution with the increase of the degrees
of freedom [3], the truncation factor T is also related to the computation accuracy. In practice,
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T =2 was the start point and then T was increased to check the convergence. For the inte-
grations in the weighted residual formulation, Gauss-Legendre quadrature was applied, and 51
Guass points were used for each edge. The set-up model is a linear algebraic equation system.
Solution of the equation system is a vector of the wave function contribution factors. With the
contribution factors stored in the database, the modelling and solution processes were repeated
for next frequency. After finishing the solutions of all the frequencies for one case, the dataset
was saved to the corresponding mat file, as shown in Table 2.

Declaration of Competing Interest

The authors declare that they have no known competing financial interests or personal rela-
tionships which have, or could be perceived to have, influenced the work reported in this article.

Acknowledgments

The authors gratefully acknowledge the financial support from the program of China Schol-
arship Council (No. 201806230718). The research shown in this paper was carried out at the
Polimi Sound and Vibration Laboratory (PSVL) of Politecnico di Milano.

Supplementary materials

Supplementary material associated with this article can be found, in the online version, at
doi:10.1016/j.dib.2020.105883.

References

[1] L. Liu, R. Corradi, F. Ripamonti, Z. Rao, Wave based method for flexural vibration of thin plate with general elastically
restrained edges, J. Sound Vib. (2020).

[2] E. Deckers, O. Atak, L. Coox, R. D’Amico, H. Devriendt, S. Jonckheere, K. Koo, B. Pluymers, D. Vandepitte, W. Desmet,
The wave based method: an overview of 15 years of research, Wave Motion 51 (2014) 550-565, doi:10.1016/j.
wavemoti.2013.12.003.

[3] A. Nilsson, B. Liu, Vibro-Acoustics, Volume 1, 2nd ed., Science Press, Beijing, 2015, doi:10.1007/9783662478073.

[4] W. Desmet, A Wave Based Prediction Technique for Coupled Vibro-Acoustic Analysis, KULeuven, division PMA, Ph.D.
Thesis 98D12, 1998.


https://doi.org/10.13039/501100004543
https://doi.org/10.1016/j.dib.2020.105883
http://refhub.elsevier.com/S2352-3409(20)30777-0/sbref0001
http://refhub.elsevier.com/S2352-3409(20)30777-0/sbref0001
http://refhub.elsevier.com/S2352-3409(20)30777-0/sbref0001
http://refhub.elsevier.com/S2352-3409(20)30777-0/sbref0001
http://refhub.elsevier.com/S2352-3409(20)30777-0/sbref0001
https://doi.org/10.1016/j.wavemoti.2013.12.003
https://doi.org/10.1007/9783662478073

	Data on the flexural vibration of thin plate with elastically restrained edges: Finite element method and wave based method simulations
	Value of the Data
	1 Data Description
	2 Experimental design, materials and methods
	Declaration of Competing Interest
	Acknowledgments
	Supplementary materials
	References


