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APRESENTAÇÃO
A Engenharia de Computação é a área que estuda as técnicas, métodos e ferramentas 

matemáticas, físicas e computacionais para o desenvolvimento de circuitos, dispositivos e 
sistemas. Esta área tem a matemática e a computação como seus principais pilares. O 
foco está no desenvolvimento de soluções que envolvam tanto aspectos relacionados ao 
software, quanto à elétrica/eletrônica. Os profissionais desta área são capazes de atuar 
principalmente na integração entre software e hardware, tais como: automação industrial 
e residencial, sistemas embarcados, sistemas paralelos e distribuídos, arquitetura de 
computadores, robótica, comunicação de dados e processamento digital de sinais.

Dentro deste contexto, esta obra aborda diversos aspectos tecnológicos 
computacionais, tais como: implementação e modificações numéricas a serem feitas no 
algorítmo de Anderson (2010) para simular o escoamento sobre uma asa finita submetida 
a ângulos de ataque próximos ao estol; modelo distribuído para analisar a influência da 
formação e do adensamento de geada sobre o desempenho de evaporadores do tipo 
tubo-aletado, comumente usados em refrigeradores frost-free; um algoritmo de Redes 
Neurais Convolucionais(CNN) que identifica se a pessoa está ou não utilizando a máscara; 
potencialidades do M-Learning e Virtual Reality no curso técnico em Agropecuária; avaliação 
da qualidade da energia elétrica em um sistema de geração de energia fotovoltaica; uma 
abordagem para a segmentação de imagens cerebrais, utilizando o método baseado em 
algoritmos genéticos pelo método de múltiplos limiares; estudo numérico de uma âncora 
torpedo sem aletas cravada em solo isotrópico puramente coesivo, utilizando um modelo 
axissimétrico não-linear em elementos finitos; estudo acerca da análise numérica de placas 
retangulares por meio do método das diferenças finitas, obtendo soluções aproximadas 
para o campo de deslocamentos transversais bem como os correspondentes momentos 
fletores, para problemas envolvendo uma série de condições de contorno, utilizando-se 
o software Matlab® para simulação; desenvolvimento e aplicação da Realidade Virtual 
(RV) como Tecnologia de Informação e Comunicação (TIC) para auxiliar no processo de 
ensino-aprendizado de disciplinas do Ensino Médio; avaliação dos resultados obtidos em 
campanhas de medição de qualidade da energia elétrica (QEE) na rede básica em 500 
kV; examinar o comportamento mecânico-estático de uma longarina compósita projetada 
para uma aeronave esportiva leve através de investigações numéricas, empreendidas em 
software (ANSYS Release 19.2) comercial de elementos finitos; construção de um sistema 
para monitoramento de ativos públicos; a relação da Sociedade 5.0 envolvida no contexto 
da Indústria 4.0 e a Transformação Digital; algoritmos de seleção e de classificação 
de atributos, identificando as vinte principais características que contribuem para o 
desempenho alto ou baixo dos estudantes; a Mask R-CNN, utilizada para a segmentação 
de produtos automotivos (parabrisas, faróis, lanternas, parachoques e retrovisores) em uma 
empresa do ramo de reposição automotiva; o nível de usabilidade do aplicativo protótipo 



para dispositivo móvel na área da saúde voltado ao auxílio do monitoramento móvel no uso 
de medicamentos em seres humanos. 

Sendo assim, está obra é significativa por ser composta por uma gama de trabalhos 
pertinentes, que permitem aos seus leitores, analisar e discutir diversos assuntos importantes 
desta área. Por fim, desejamos aos autores, nossos mais sinceros agradecimentos pelas 
significativas contribuições, e aos nossos leitores, desejamos uma proveitosa leitura, 
repleta de boas reflexões.

Ernane Rosa Martins



SUMÁRIO

SUMÁRIO

CAPÍTULO 1 .................................................................................................................1
NONLINEAR LIFTING LINE IMPLEMENTATION AND VALIDATION FOR AERODYNAMICS 
AND STABILITY ANALYSIS

André Rezende Dessimoni Carvalho 
Pedro Paulo de Carvalho Brito 

 https://doi.org/10.22533/at.ed.8492118081

CAPÍTULO 2 ............................................................................................................... 11
INFLUÊNCIA DA FORMAÇÃO DE GEADA EM EVAPORADORES DE TUBO ALETADO 
USANDO UM MODELO DISTRIBUÍDO

Caio Cezar Neves Pimenta  
André Luiz Seixlack 

 https://doi.org/10.22533/at.ed.8492118082

CAPÍTULO 3 ...............................................................................................................24
INFLUÊNCIA DO NÚMERO DE SEÇÕES DE CONECTORES NA EFICIÊNCIA DA 
RUPTURA POR SEÇÃO LÍQUIDA EM CANTONEIRA DE CHAPA DOBRADA  

Jéssica Ferreira Borges
Luciano Mendes Bezerra
Francisco Evangelista Jr
Valdeir Francisco de Paula

 https://doi.org/10.22533/at.ed.8492118083

CAPÍTULO 4 ...............................................................................................................37
INFORMATION THEORY BASED STOCHASTIC HETEROGENEOS MULSTISCALE

Ianyqui Falcão Costa
Liliane de Allan Fonseca 
Ézio da Rocha Araújo 

 https://doi.org/10.22533/at.ed.8492118084

CAPÍTULO 5 ...............................................................................................................59
INTELIGÊNCIA ARTIFICIAL PARA IDENTIFICAR O USO DE MÁSCARA NA PREVENÇÃO 
DA COVID-19

Roberson Carlos das Graças
Edyene Cely Amaro Oliveira
Guilherme Ribeiro Brandao
Igor Siqueira da Silva
Samara de Jesus Duarte
Samara Lana da Rocha
Hermes Francisco da Cruz Oliveira
Guilherme Henrique Chaves Batista

 https://doi.org/10.22533/at.ed.8492118085



SUMÁRIO

CAPÍTULO 6 ...............................................................................................................67
ANÁLISE DE DESEMPENHO MECÂNICO DE PLACAS A PARTIR DE MÉTODOS 
APROXIMADOS

Gabriel de Bessa Spínola
Edmilson Lira Madureira
Eduardo Morais de Medeiros

 https://doi.org/10.22533/at.ed.8492118086

CAPÍTULO 7 ...............................................................................................................85
M-LEARNING E VIRTUAL REALITY NO ENSINO TÉCNICO DE AGROPECUÁRIA

Gabriel Pinheiro Compto
Jeconias Ferreira dos Santos

 https://doi.org/10.22533/at.ed.8492118087

CAPÍTULO 8 ...............................................................................................................95
MODELLING AND ANALYSIS OF AEROBOAT JAHU

João B. de Aguiar
Júlio C.S. Sousa
José M. de Aguiar

 https://doi.org/10.22533/at.ed.8492118088

CAPÍTULO 9 ............................................................................................................. 113
MONITORAMENTO DA QUALIDADE DE ENERGIA EM SISTEMA DE GERAÇÃO 
FOTOVOLTAICA - ANÁLISE DAS CAMPANHAS DE MEDIÇÃO DE TENSÃO E CORRENTE 
E CARACTERÍSTICAS DE INJEÇÃO DE HARMÔNICOS DOS SISTEMAS DE BAIXA, 
MÉDIA E ALTA TENSÃO

Nelson Clodoaldo de Jesus
João Roberto Cogo
Luiz Marlus Duarte
Jesus Daniel de Oliveira
Luis Fernando Ribeiro Ferreira
Éverson Júnior de Mendonça
Leandro Martins Fernandes 

 https://doi.org/10.22533/at.ed.8492118089

CAPÍTULO 10 ...........................................................................................................127
OTIMIZAÇÃO MULTI-LIMIAR PARA SEGMENTAÇÃO DE MRI POR ALGORÍTIMO 
GENÉTICO

Tiago Santos Ferreira
Paulo Fernandes da Silva Júnior
Ewaldo Eder Carvalho Santana
Mauro Sérgio Silva Pinto
Jayne Muniz Fernandes
Ana Flávia Chaves Uchôa 
Jarbas Pinto Monteiro Guedes

 https://doi.org/10.22533/at.ed.84921180810



SUMÁRIO

CAPÍTULO 11 ...........................................................................................................138
ANÁLISE NUMÉRICA DA CAPACIDADE DE CARGA DE ÂNCORAS TORPEDO 
CONSIDERANDO EFEITOS DE SETUP

Guilherme Kronemberger Lopes
José Renato Mendes de Sousa
Gilberto Bruno Ellwanger

 https://doi.org/10.22533/at.ed.84921180811

CAPÍTULO 12 ...........................................................................................................156
ANÁLISE NUMÉRICA DE PLACAS EM ESTRUTURAS AEROESPACIAIS POR 
DIFERENÇAS FINITAS

Júlio César Fiorin
Reyolando Manoel Lopes Rebello da Fonseca Brasil

 https://doi.org/10.22533/at.ed.84921180812

CAPÍTULO 13 ...........................................................................................................172
NUMERICAL SIMULATION OF LABYRINTH SEALS FOR PULSED COMPRESSION 
REACTORS (PCR)

Hermann Enrique Alcázar Rojas
Briam Rudy Velasquez Coila
Arioston Araújo de Morais Júnior
Leopoldo Oswaldo Alcázar Rojas

 https://doi.org/10.22533/at.ed.84921180813

CAPÍTULO 14 ...........................................................................................................183
PRÁTICAS E CONTROLE DA CORRUPÇÃO NO MERCADO SEGURADOR: UMA 
PROPOSTA DE DADOS PARA SISTEMAS DE CONTROLE E COMPLIANCE

Lucas Cristiano Ferreira Alves
Melissa Mourão Amaral
Liza Dantas Noguchi 

 https://doi.org/10.22533/at.ed.84921180814

CAPÍTULO 15 ...........................................................................................................198
PREDICTING EFFECTIVE CONSTITUTIVE CONSTANTS FOR WOVEN-FIBRE 
COMPOSITE MATERIALS

Jonas Tieppo da Rocha
Tales de Vargas Lisbôa
Rogério José Marczak

 https://doi.org/10.22533/at.ed.84921180815

CAPÍTULO 16 ...........................................................................................................210
PREVENTING SPURIOUS ARTIFACTS WITH CONSISTENT INTERPOLATION OF 
PROPERTIES BETWEEN CELL CENTERS AND VERTICES IN TWO-DIMENSIONAL 
RECTILINEAR GRIDS

Alexandre Antonio de Oliveira Lopes
Flávio Pereira Nascimento



SUMÁRIO

Francisco Ismael Pinillos Nieto
Túlio Ligneul Santos
Alberto Barbosa Júnior
Luca Pallozzi Lavorante

 https://doi.org/10.22533/at.ed.84921180816

CAPÍTULO 17 ...........................................................................................................230
REALIDADE VIRTUAL APLICADA COMO FERRAMENTA DE AUXÍLIO AO ENSINO

Simone Silva Frutuoso de Souza
Everton Welter Correia
Gabrielly Chiquezi Falcão
Leonardo Plaster Silva
Érica Baleroni Pacheco 
Fábio Roberto Chavarette
Fernando Parra dos Anjos Lima

 https://doi.org/10.22533/at.ed.84921180817

CAPÍTULO 18 ...........................................................................................................245
RESULTADOS DE CAMPANHAS DE MEDIÇÃO DE QUALIDADE DA ENERGIA EM 
SISTEMAS COM COMPENSADORES ESTÁTICOS DE REATIVOS - ANÁLISE DO 
IMPACTO DE OUTROS AGENTES NA AMPLIFICAÇÃO DE HARMÔNICOS EM SISTEMA 
DE 500 kV

Nelson Clodoaldo de Jesus
João Roberto Cogo
Luis Fernando Ribeiro Ferreira
Luiz Marlus Duarte
Éverson Júnior de Mendonça
Leandro Martins Fernandes 
Jesus Daniel de Oliveira

 https://doi.org/10.22533/at.ed.84921180818

CAPÍTULO 19 ...........................................................................................................258
SIMPLIFIED NUMERICAL MODEL FOR ANALYSIS OF STEEL-CONCRETE COMPOSITE 
BEAMS WITH PARTIAL INTERACTION

Samuel Louzada Simões
Tawany Aparecida de Carvalho
Ígor José Mendes Lemes
Rafael Cesário Barros
Ricardo Azoubel da Mota Silveira

 https://doi.org/10.22533/at.ed.84921180819

CAPÍTULO 20 ...........................................................................................................266
SIMULAÇÃO DE UMA LONGARINA COMPÓSITA DE UMA AERONAVE ESPORTIVA 
LEVE

Felipe Silva Lima
Álvaro Barbosa da Rocha
Daniel Sarmento dos Santos



SUMÁRIO

Wanderley Ferreira de Amorim Júnior

 https://doi.org/10.22533/at.ed.84921180820

CAPÍTULO 21 ...........................................................................................................279
SISTEMA RFID PARA CONTROLE DE ATIVOS PÚBLICOS

João Felipe Fonseca Nascimento
Jislane Silva Santos de Menezes
Jean Louis Silva Santos
Jennysson D. dos Santos Júnior
Luccas Ribeiro Cruz
Jean Carlos Menezes Oliveira
João Marcos Andrade Santos

 https://doi.org/10.22533/at.ed.84921180821

CAPÍTULO 22 ...........................................................................................................292
SISTEMAS ESTRUTURAIS CONVENCIONAIS E SISTEMAS DE LAJES LISAS EM 
EDIFÍCIOS DE CONCRETO ARMADO

Pablo Juan Lopes e Silva Santos
Carlos Henrique Leal Viana
Sávio Torres Melo
Rebeka Manuela Lobo Sousa
Tiago Monteiro de Carvalho
Thiago Rodrigues Piauilino Ribeiro

 https://doi.org/10.22533/at.ed.84921180822

CAPÍTULO 23 ...........................................................................................................303
SOCIEDADE 5.0 CORRELACIONADA COM A INDÚSTRIA 4.0 E A TRANSFORMAÇÃO 
DIGITAL

Pablo Fernando Lopes
Thiago Silva Souza
Fernando Hadad Zaidan

 https://doi.org/10.22533/at.ed.84921180823

CAPÍTULO 24 ...........................................................................................................313
TÉCNICA DE DIAGNÓSTICO DE BARRAS QUEBRADAS EM MOTOR DE INDUÇÃO 
TRIFÁSICO SEM CARGA POR MEIO DA TRANSFORMADA WAVELET

Carlos Eduardo Nascimento
Cesar da Costa

 https://doi.org/10.22533/at.ed.84921180824

CAPÍTULO 25 ...........................................................................................................332
UNCERTAINTY QUANTIFICATION OF FRACTURE POTENTIAL AT CONCRETE-ROCK 
INTERFACE

Mariana de Alvarenga Silva
Francisco Evangelista Junior

 https://doi.org/10.22533/at.ed.84921180825



SUMÁRIO

CAPÍTULO 26 ...........................................................................................................342
USANDO MINERAÇÃO DE DADOS PARA IDENTIFICAR FATORES MAIS IMPORTANTES 
DO ENEM DOS ÚLTIMOS 22 ANOS

Jacinto José Franco
Fernanda Luzia de Almeida Miranda 
Davi Stiegler
Felipe Rodrigues Dantas
Jacques Duílio Brancher
Tiago do Carmo Nogueira

 https://doi.org/10.22533/at.ed.84921180826

CAPÍTULO 27 ...........................................................................................................355
ARTIFICIAL INTELLIGENCE USAGE FOR IDENTIFYING AUTOMOTIVE PRODUCTS

Leandro Moreira Gonzaga
Gustavo Maia de Almeida

 https://doi.org/10.22533/at.ed.84921180827

CAPÍTULO 28 ...........................................................................................................366
UTILIZAÇÃO DE APLICATIVO PARA DISPOSITIVO MÓVEL PARA ADMINISTRAÇÃO DE 
MEDICAMENTOS

Luísa de Castro Guterres
Allan Rafael da Silva Lima
Wender Antônio da Silva

 https://doi.org/10.22533/at.ed.84921180828

CAPÍTULO 29 ...........................................................................................................399
VIBRATIONS ANALYSIS UNCOUPLED AND COUPLED FLUID-STRUCTURE BETWEEN 
SHELL AND ACOUSTIC CAVITY CYLINDRICAL FOR VARIOUS BOUNDARY CONDITIONS

Davidson de Oliveira França Júnior
Lineu José Pedroso

 https://doi.org/10.22533/at.ed.84921180829

SOBRE O ORGANIZADOR .....................................................................................410

ÍNDICE REMISSIVO ................................................................................................. 411



 
Coleção Desafios das Engenharias: Engenharia de Computação 2 Capítulo 12 156

Data de aceite: 02/08/2021

CAPÍTULO 12
 

ANÁLISE NUMÉRICA DE PLACAS EM ESTRUTURAS 
AEROESPACIAIS POR DIFERENÇAS FINITAS

Data de submissão: 06/05/2021

Júlio César Fiorin
Federal University of ABC

São Bernardo do Campo-SP
http://lattes.cnpq.br/1824952255013498

 Reyolando Manoel Lopes Rebello da 
Fonseca Brasil

Federal University of ABC
São Bernardo do Campo-SP

http://lattes.cnpq.br/1886098993540794

RESUMO: O presente trabalho apresenta um 
estudo acerca da análise numérica de placas 
retangulares por meio do método das diferenças 
finitas, obtendo soluções aproximadas para o 
campo de deslocamentos transversais bem como 
os correspondentes momentos fletores, para 
problemas envolvendo uma série de condições 
de contorno, utilizando-se o software Matlab® 
para simulação. Ainda nesse contexto, realizou-
se uma análise comparativa das aproximações 
obtidas por meio do método das diferenças finitas, 
com relação às aproximações obtidas via método 
dos elementos finitos - para malhas de mesma 
dimensão - por meio do software comercial 
AbaqusTM. Em ambos os casos, comparações 
são feitas com resultados encontrados na literatura 
por séries trigonométricas. Os resultados obtidos 
nos permitem inferir que, para determinados 
problemas, o método das diferenças finitas pode 
ser empregado com melhor eficácia, precisão e 

simplicidade - do ponto de vista computacional - 
quando comparado com o método dos elementos 
finitos.
PALAVRAS - CHAVE: Diferenças Finitas, 
Lagrange, Placas, Deslocamentos Transversais, 
Momentos Fletores.  

NUMERICAL PLATES ANALYSIS BY 
FINITE DIFFERENCES IN AEROSPACE 

STRUCTURES
ABSTRACT: The solution of the most varied 
types of structural problems, in general, in the 
aerospace engineering field, requires the use of 
adequate numerical methods and the knowledge 
of their main characteristics and limitations. The 
present work presents a study on the numerical 
analysis of rectangular plates using the finite 
differences method, using Matlab® software for 
simulation. We obtain approximate solutions for 
the field of transversal displacements, as well 
as the corresponding bending moments. We 
consider problems involving a series of boundary 
conditions, especially aerospace engineering 
applications. Also, in this context, we perform 
a comparative analysis of the approximations 
obtained using the finite difference method with 
those with the finite element method, using 
commercial software AbaqusTM, for the same 
meshes. In both cases, comparisons are made 
with results found in the literature derived from 
trigonometric series. The results allow us to infer 
that, for certain problems, the finite difference 
method can be used with better efficiency, 
precision, and simplicity - from the computational 
point of view - when compared with the finite 
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element method.
KEYWORDS: Finite Differences, Lagrange, Plates, Transversal displacements, Bending 
moments.

1 |  INTRODUCTION
In structural analysis in general, most of the problems require an appropriate 

numerical method. In this context, the present work approaches the plates behavior by 
the Finite Differences Method. As a first step, we present the Sophie-Germain and 
Lagrange differential equation for plates and corresponding boundary conditions that we 
must consider in each type of problems. As a second step, we present a methodology 
for the Finite Differences Method application, looking for an approximated solution to the 
problems here discussed. That way, it was possible to obtain the displacement fields and 
the corresponding bending moments in the x and y directions as well. For this, the Matlab® 
software was utilized for the Finite Differences modeling and numerical simulation and, in 
parallel, the AbaqusTM software was employed on the Finite Elements Method simulations 
for the same kind of problems.

Plates have large application in the industries in general, whether automotive, naval 
or aerospace areas. At the aerospace sector, particularly in aeronautics, plates are very 
usual, because it’s a fundamental element in aircraft structures. Depending on the type of 
aircraft, it is possible to find different structural component arrangements, as well as the 
wings that usually consists of a spars, ribs, stringers and skins arrangement, which are – 
basically – mounted from a combination of several thin plates. All these components cited 
before, together, have as their main function resist and transmit the loads applied due the 
operation, providing aerodynamic shapes, security for the passengers, for the payload and 
for all the integrated systems as well.

The primary function of a wing skin is to form an impermeable surface to support the 
aerodynamic pressure distribution due to the lift forces at the wings. These aerodynamic 
forces are transmitted to the ribs and stringers by the skin, via the forces action on the 
plates. The resistance to the shear and the torsion loads is provided by shear forces due 
the interaction of skin and spar webs, while the axial and torsion loads are resisted by the 
combination of the skin and stringers action. Although the skin is efficient to resist shear 
and torsion, it can be easily bent, even under no significant compressible loads. A possible 
solution could be increase the plate thickness, which can lead to overweight problems. 

2 |  SOPHIE-GERMAIN LAGRANGE EQUATION
The purpose of the discretization methods is reducing a continue problem in a system 

with a finite degrees of freedom number. In general, there is a physic phenomenon governed 
by a differential equation or a system of them, involving one or more functions. The solution 
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of these equations, for general boundary conditions, by finding a closed form function is 
usually not possible. But a good approximation can be obtained by a limited number of 
parameters, if the analyst has a good sensitivity. These approximations, basically, involve 
exchanging a continue domain by a mash, with discrete points inside the domain. Instead of 
taking the continue function to these domain, we provide approximations to the value which 
this function assumes in each isolated point. In plates, the differential equation that govern 
the phenomenon is the Sophie-Germain and Lagrange equation:

where

The sought for function, w=w(x,y), is the transversal displacement of the surface 
points, and the fourth order degree nabla operator can be written as: 

In addition, the boundary conditions should be imposed at the plate faces. For 
example, if there is a simple support, the bending moments are equal zero and, therefore, 
the second derivative is also zero on this extremity. But, when there is a totally clamped 
face, rotation there does not exist, that is, the first derivative is zero.

3 |  FINITE DIFFERENCES METHOD 
In the Finite Differences Method, all the derivates present in the differential equations 

inside the domain and the boundary conditions, are approximated by difference expressions, 
obtained by Taylor series, in general. The procedure was applied, for the first time, in two-
dimensional domains, as in this case, by C. Runge, in 1908. The necessary expressions, for 
the purpose of this work are shown in what follows, for a point pertaining to a j line and a k 
column, from a rectangular mash with hx spacing at the x direction and hy at the y direction.
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3.1 Square Plate Example 
Consider a square plate simply supported in its four borders, with 2x2 m sides, t = 2 

cm thickness, transversally loaded - from top to bottom - by uniformly distributed load p = 
2 KPa, modulus of elasticity E = 200 GPa and Poisson ratio ν = 0.3, so that it is possible to 
obtain the flexural stiffness D = 146.52. For comparison, the transversal displacement will 
be calculated for two mashes, one with hx = hy = 1 m and another one with hx = hy = 0.5 m. 
For the coarser mesh, Fig. 1, there is just one point at the interior domain and is necessary 
to consider external points, outside the domain, for applying the differential equation in 
terms of finite differences.
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Figure 1: Simple supported square plate with two subdivisions mash

At the simple supported border lines, the transversal displacements are zero and, 
the bending moment (second derivative), is also zero. It means that the external point 
displacements are equal to minus the internal point displacement. That way is obtained:

For the refined mesh, Fig. 2, there’s nine points at the interior domain. Considering 
symmetry, is sufficient applying the differential equation based on the finite differences in 
just three internal points.

Point 0,0

Point 0,1

Point 1,1
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Considering the boundary conditions and symmetry, is possible to obtain the linear 
algebraic system with 3 equations and 3 unknowns.

w0,0 = 0.8798 mm
For comparison, the result obtained by Timoshenko (1956) using trigonometric series 

was w0,0 0.8867 mm.

3.2 Rectangular Example 
Consider the rectangular plate, displayed in Fig. 2, simply supported at the x parallel 

borders and clamped on the other 2 sides, with 8x4 m dimensions, t = 5cm thickness, 
transversally loaded - from top to bottom - by uniformly distributed load p = 0.1 kPa, modulus 
of elasticity E = 3 GPa and Poisson ratio ν= 0.25.

Figure 2: Rectangular plate with four subdivisions mesh

Through the symmetries in Fig. 2, it is enough to apply the differential equation in 
four points, named (0,0), (0,1), (1,0) and (1,1).

Point 0,0

Point 0,1
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Point 1,0

Point 1,1

Considering the boundary conditions and symmetry, is possible to obtain a linear 
algebraic system with 4 equations and four unknowns.

The solution is

It means that, for the central node, the transversal displacement is w0,0 = 0.00709m. 
Now, from the displacement field, it is possible to obtain the bending moments field in the x 
and y directions – respectively – in terms of finite differences.

Equations 10 and 11 can be applied for any points at the interior plate domain to 
get the bending moments field. Applying these equations, in terms of finite differences, is 
possible to obtain:
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4 |  NUMERICAL RESULTS
As proposed for the present work, after presentation of the theoretical foundation, 

the analyses become a quantitative object of study, in the computational point of view. 
That way, is possible to compare the results obtained by finite differences method and 
the finite elements method, and with the exact solutions obtained by Timoshenko (1956) 
using trigonometric series. Thus, an algorithm has been developed based on the finite 
differences method, using the Matlab® software. The inputs are the plate dimensions, 
material properties and the boundary conditions. The outputs are the displacement and the 
bending moments fields, as well as 3D deformed surface plot.

For the same problems and boundary conditions, the AbaqusTM software has been 
used to obtain the finite elements method approximations, enabling a quantitative and 
qualitative analyses between the results, and comparing these with the values found in the 
literature, obtained by Timoshenko. 

4.1 Geometry Adopted For Simulations 
For the simulations, a plate with the same dimensions of the plate shown in Fig. 3 

has been adopted, with 8x4 m sides, t = 5 cm thickness, transversally loaded - from top 
to bottom - by uniformly distributed load p = 0,1 kPa, modulus of elasticity E = 3 GPa and 
Poisson ratio ν = 0.3.

4.2 Boundary Conditions Adopted 
The models, as well as the boundary conditions adopted for simulations were the 

same examples used and tabulated by Timoshenko, for thin plates under uniform load. 
We used rectangular plate models with the edges simply supported, all edges clamped, 
one edge clamped with the rest of them simply supported and, finally, a rectangular plate 
with two edges clamped with another two simply supported edges. The results for each 
boundary conditions, tabulated by Timoshenko, and used in this work, can be found in the 
table presented on the Table 1.

5 |  RESULTS
After the reference values were calculated, for the boundary conditions used 

by Timoshenko, we carried out the computational simulations for the same models and 
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performed a comparative analysis between the outputs in each case. For the analysis, four 
decimal places and up to six significant digits were adopted, with truncation rules for the 
last digit.

5.1 Plates With Edges Simply Supported 
For the plate with the edges simply supported and mesh with four subdivisions, it was 

possible to obtain with our algorithm approximations as shown by the Fig. 3. Obviously, that 
is a “coarse” approximation, and has been obtained the following displacement and bending 
moments values:

Figure 3: The transversal displacement field and mesh with four subdivisions

Using a mesh with more subdivisions, is possible to obtain a better approximation for 
the displacement fields and the bending moments, as shown in Fig. 4.
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Figure 4: The transversal displacement field and mesh with twenty subdivisions

For the mesh with the twenty subdivisions, we obtained the following approximations 
by finite differences:

For the simulations executed by finite elements and mesh with four subdivisions, we 
obtained de following approximations:

The graphical representations for the displacement fields and the bending moments 
can be seen in the Figs. 5, 6 and 7 – respectively.
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Figure 5: The transversal displacement field and mesh with four subdivisions

Figure 6: The bending moment field at the x direction and mesh with four subdivisions

Figure 7: The bending moment field at the y direction and mesh with four subdivisions

For the simulations executed by finite elements and mesh with twenty subdivisions, 
we obtained de following approximations:
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The graphical representations for the displacement fields and the bending moments 
can be seen in the Figs. 8, 9 and 10 – respectively.

Figure 8: The transversal displacement field and mesh with twenty subdivisions

Figure 9: The bending moment field at the x direction and mesh with twenty subdivisions
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Figure 10: The bending moment field at the y direction and mesh with twenty subdivisions

5.2 Other Boundary Conditions 
In addition to the case where the plate was in four simply supported edges, simulations 

for the cases where the plate was with all edges clamped, one edge clamped with the rest of 
them simply supported and, finally, a rectangular plate with two edges clamped with another 
two simply supported edges, were also made. The results for these simulations can be seen 
in Table 1.

SIMPLY SUPPORTED EDGES
FINITE ELEMENTS FINITE DIFERENCES

TIMOSHENKOMESH 
SUBDIVISIONS 4 20 4 20

W [m] 0.007760 0.007570 0.007512 0.007549 0.007516
Mx [kNm/m] 0.070770 0.074320 0.073271 0.074124 0.074240
My [kNm/m] 0.143400 0.162200 0.155022 0.162359 0.162472

ALL EDGES CLAMPED
FINITE ELEMENTS FINITE DIFERENCES

TIMOSHENKOMESH 
SUBDIVISIONS 4 20 4 20

W [m] 0.002000 0.001880 0.002704 0.001924 0.001893
Mx [kNm/m] 0.028280 0.028580 0.029729 0.025360 0.025280
My [kNm/m] 0.055240 0.065350 0.071153 0.066080 0.065920

ONE EDGE CLAMPED WITH THE REST OF THEM SIMPLY SUPPORTED
FINITE ELEMENTS FINITE DIFERENCES

TIMOSHENKOMESH 
SUBDIVISIONS 4 20 4 20

W [m] 0.003533 0.003757 0.004315 0.003667 0.003653
Mx [kNm/m] 0.035270 0.037950 0.043214 0.037823 0.036800
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My [kNm/m] 0.081660 0.082950 0.099547 0.096381 0.09600
TWO EDGES CLAMPED WITH ANOTHER TWO SIMPLY SUPPORTED

FINITE ELEMENTS FINITE DIFERENCES
TIMOSHENKOMESH 

SUBDIVISIONS 4 20 4 20

W [m] 0.001741 0.001939 0.002775 0.001982 0.001938
Mx [kNm/m] 0.020300 0.026110 0.029134 0.022934 0.022720
My [kNm/m] 0.055450 0.066790 0.072816 0.067548 0.067200

Table 1. Results

SIMPLY SUPPORTED EDGES
% FINITE ELEMENTS FINITE DIFERENCES

MESH SUBDIVISIONS 4 20 4 20
W [m] 3.25 0.72 0.05 0.44

Mx [kNm/m] 4.67 0.11 1.31 0.16
My [kNm/m] 11.74 0.17 4.59 0.07

ALL EDGES CLAMPED
% FINITE ELEMENTS FINITE DIFERENCES

MESH SUBDIVISIONS 4 20 4 20
W [m] 5.65 0.69 42.84 1.64

Mx [kNm/m] 11.87 13.05 17.60 0.32
My [kNm/m] 16.20 0.86 7.94 0.24

ONE EDGE CLAMPED WITH THE REST OF THEM SIMPLY SUPPORTED
% FINITE ELEMENTS FINITE DIFERENCES

MESH SUBDIVISIONS 4 20 4 20
W [m] 3.28 2.85 18.12 0.38

Mx [kNm/m] 4.16 3.13 17.43 2.78
My [kNm/m] 14.94 13.59 3.69 0.40

TWO EDGES CLAMPED WITH ANOTHER TWO SIMPLY SUPPORTED
% FINITE ELEMENTS FINITE DIFERENCES

MESH SUBDIVISIONS 4 20 4 20
W [m] 10.17 0.05 43.19 2.27

Mx [kNm/m] 10.65 14.92 28.23 0.94
My [kNm/m] 17.49 0.61 8.36 0.52

Table 2. Percentage Errors

6 |  DISCUSSION
According to the present work, it is possible to conclude that the finite differences 

method presented better approximations for the displacement fields w and bending moments 
Mx and My, when compared with the approximations obtained by finite elements method, for 
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the same mesh and boundary for simply supported edges. These results are shown in Table 
2, where it can be seen the percentage errors obtained in the simulations. In Table 2, it is 
also possible to observe that for the mesh with the lower resolution – four subdivisions, the 
finite differences method shows better convergence when compared to the finite elements 
method with 0.05%, 1.31% e 4.59% in percentage errors for the approximations to the 
displacement fields and bending moments – respectively. At the same time, the finite 
elements method – for the same mesh – presented 3.25%, 4.67% e 11.74% in percentage 
errors for the displacement fields and bending moments – respectively.

For the same problem, the subdivisions number were increased, resulting in a mesh 
with twenty subdivisions which provided a better convergence for the approximations in both 
methods. However, the finite difference method presented lower percentage errors (0.44%, 
0.16%, 0.07%), when compared to the finite elements method (0.72%, 0.11%, 0.17%). 
Is also possible to observe that when the subdivisions mesh increases, the maximum 
displacement field approximation obtained by finite differences increased slightly, compared 
to the mash with just four subdivisions, also by finite differences.

The situation also changes as the boundary conditions is changed, especially when 
some edge is clamped or even all of them. An example of this case is when the plate is with 
all of the edges clamped and, as it is possible to observe in the Table 2, the approximations 
by finite differences are considerably worse, with 42.84%, 17.60% e 7.94% percentage 
errors compared to the finite elements method, with 5.65%, 11.87% e 16.20% percentage 
errors. Is also possible to observe that the percentage errors for both methods were 
reduced as the subdivisions mesh number were increased. In this case, it can be noticed 
that the My approximation presented highest percentage error to the twenty subdivisions 
mesh compared to the four subdivisions mesh. As the same way, the Mx approximation 
presented lower percentage error by finite differences to the twenty subdivisions mesh while 
the My approximation for the both mashes have presented lower percentage errors by finite 
differences.

In the case where just the lower edges were clamped, all the approximations were 
better in terms of the convergence as the subdivisions mesh number were increased. For 
the four subdivisions mesh, the wcenter, and Mxcenter approximations for the central mesh 
node were better in terms of convergence to the finite elements method, however, the My 

approximation presented lower percentage error by finite differences. In this context, when 
the subdivisions mesh number were increased, the finite differences method presented 
better approximations (0.38%, 2.78% e 0.40%) compared to the finite elements method 
(2.85% 3.13% e 13.59%), to the wcenter, Mxcenter e Mycenter – respectively.

Finally, for the case in which the plate is with higher and lower edges clamped 
and the other two edges simple supported, for the mesh with four subdivisions, the finite 
element method presented better approximations to the transversal displacement wmax 

and the Mxcenter bending moment, presenting percentage errors around 10.17% e 10.65%, 
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respectively. However, the finite differences method presented a better approximation to 
the Mymax bending moment, with percent error around 8.36%, compared to the 17.49% 
by the finite elements method. For the mesh with twenty subdivisions, the Mxcenter e Mymax 

approximations were better by the finite differences method, with percentage errors around 
0.94% e 0.52%, however, the wmax approximation were better by the finite element method, 
with 0.05% percentage error.
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