International Journal for Innovative
€ngineering and Management Research

PEER REVIEWED OPEN ACCESS INTERNATIONAL JOURNAL

WWWw.1jiemr.org

2022 |JIEMR. Personal use of this material is permitted. Permission from JIEMR must

be obtained for all other wuses, in any current or future media, including
reprinting/republishing this material for advertising or promotional purposes, creating new
collective works, for resale or redistribution to servers or lists, or reuse of any copyrighted
component of this work in other works. No Reprint should be done to this paper, all copy
right is authenticated to Paper Authors

IJIEMR Transactions, online available on 26%™ jan 2022. Link

:http://www.ijiemr.org/downloads.php?vol=Volume-11&issue=Issue 01

10.48047/JIEMR/V11/ISSUE 01/31

Title "VIBRATION ANALYSIS OF THICK RECTANGULAR PLATES OF ORTHOTROPIC
MATERIALS UNDER VARIOUS BOUNDARY CONDITIONS USING 3-D FINITE ELEMENT
METHOD AND 3-D FEM"

Volume 11, ISSUE 01, Pages: 198-203

Paper Authors RAGHUVIR L. CHARY NACHINOLKAR, Dr.V.S.Hariharan

USE THIS BARCODE TO ACCESS YOUR ONLINE PAPER

To Secure Your Paper As Per UGC Guidelines We Are Providing A Electronic
Bar Code

Vol 11 Issue 01, Jan 2022 ISSN 2456 - 5083 www.ijiemr.org



http://www.ijiemr.org/

International Journal for Innovative

€ngineering and Management Research

PEER REVIEWED OPEN ACCESS INTERNATIONAL JOURNAL

wWwWw.ijiemr.org
"VIBRATION ANALYSIS OF THICK RECTANGULAR PLATES OF
ORTHOTROPIC MATERIALS UNDER VARIOUS BOUNDARY
CONDITIONS USING 3-D FINITE ELEMENT METHOD AND 3-D

FEM"

CANDIDATE NAME - RAGHUVIR L. CHARY NACHINOLKAR
DESIGNATION- RESEARCH SCHOLAR SUNRISE UNIVERSITY ALWAR
GUDE AME- Dr.V.S.Hariharan
DESIGNATION = PROFESSOR SUNRISE UNIVERSITY ALWAR

ABSTRACT

This research paper aims to investigate the vibration behavior of thick rectangular plates
made of orthotropic materials under different boundary conditions using the 3-D Finite
Element Method (FEM). The study seeks to understand the effects of material properties,
plate thickness, and boundary conditions on the natural frequencies and mode shapes of the
plates. A comprehensive numerical analysis using the 3-D FEM will be conducted to provide
valuable insights into the dynamic behavior of orthotropic plates, contributing to the
understanding and design optimization of structures in various engineering applications.

Keywords: - Applications, Plays, Critical, Plates, Finite element method (FEM).

I.  INTRODUCTION

Vibration analysis is a fundamental aspect
of structural engineering that plays a
critical role in understanding the dynamic
behavior of various mechanical systems.
Thick rectangular plates made of
orthotropic materials are commonly used
in numerous engineering applications due
to their unique mechanical properties,
including anisotropy, which allows for
tailored stiffness and strength in different
directions. These plates find applications
in  aerospace components,  bridges,
automotive parts, and other structural
elements where lightweight and high-
strength characteristics are desired.

Accurate prediction and control of the
vibration response in these orthotropic
plates are essential to ensure the structural
integrity and  functionality —of the
engineering systems they are a part of.

Analyzing the vibration characteristics of
orthotropic plates requires sophisticated
numerical methods, and the 3-D Finite
Element Method (FEM) has proven to be a
powerful tool for such analyses.

The 3-D FEM allows for a detailed
representation of the complex geometry
and material properties of thick orthotropic
plates. Unlike simplified analytical
methods, the 3-D FEM considers all three-
dimensional effects and is capable of
handling different boundary conditions
with high precision. This capability makes
it an ideal choice for investigating the
dynamic response of orthotropic plates
under varying operating conditions.

In this research paper, we present a
comprehensive study on the vibration
behavior of thick rectangular plates made
of orthotropic materials using the 3-D
FEM. The primary objective is to
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understand how different parameters, such
as material properties, plate thickness, and
boundary conditions, influence the natural
frequencies and mode shapes of the plates.
By conducting a systematic parametric
study, we aim to provide valuable insights
into the fundamental mechanics governing
the dynamic response of orthotropic plates.
The significance of this study lies in its
potential to enhance the design and
optimization of engineering structures that
utilize orthotropic plates. Understanding
how different factors impact the vibration
behavior will enable engineers to make
informed decisions to mitigate potential
vibration-related issues and improve
overall system performance.

The structure of the research paper is
organized as follows: Section 2 provides a
review of existing literature related to the
vibration analysis of orthotropic plates and
the methods employed in previous studies.
Section 3 outlines the mathematical
formulation of the governing equations
and the 3-D FEM approach for analyzing
the plates’ vibration behavior. Section 4
discusses the numerical implementation of
the 3-D FEM and validation of the model.
Section 5 presents the results of the
parametric  study, followed by a
comparative analysis in Section 6.
Ultimately, the outcomes of this research
will contribute to the broader field of
structural dynamics and serve as a
valuable resource for engineers involved in
the design, analysis, and optimization of
orthotropic structures. By harnessing the
power of the 3-D FEM, this study aims to
advance our understanding of the intricate
vibrational behavior of orthotropic plates,
thus paving the way for more efficient and
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reliable engineering solutions in various
industries.
1. MATHEMATICAL
FORMULATION
The mathematical formulation for the
vibration analysis of thick rectangular
plates of orthotropic materials using the 3-
D Finite Element Method (FEM) involves
the derivation of the governing equations
of motion and the  subsequent
discretization of the plate into finite
elements. The following steps outline the
mathematical formulation:
1. Governing Equations:
The dynamic behavior of the thick
rectangular plate can be described by the
Kirchhoff plate theory, which assumes that
the plate undergoes small deflections and
remains in the linear elastic regime.
2. 3-D Finite Element Method
(FEM) Formulation:
To solve the governing equations, the thick
rectangular plate is discretized into smaller
subdomains called finite elements. Each
element is characterized by a set of nodal
points where the displacement values are
determined. The plate is then divided into
a mesh of these finite elements to
approximate the continuous plate behavior.
3. Numerical Solution:
The resulting eigenvalue problem can be
solved numerically using techniques like
the Lanczos or Arnoldi methods to obtain
the natural frequencies and mode shapes of
the thick rectangular plate.
In summary, the mathematical formulation
for the wvibration analysis of thick
rectangular plates of orthotropic materials
using the 3-D Finite Element Method
involves the derivation of the governing
equations of motion, the application of
appropriate boundary conditions, and the
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subsequent discretization of the plate into
finite elements. Solving the resulting
eigenvalue problem provides valuable
information about the plate's natural
frequencies and mode shapes, enabling
engineers to gain deeper insights into the

dynamic  behavior  of  orthotropic
structures.
I11. NUMERICAL

IMPLEMENTATION

The numerical implementation of the 3-D
Finite Element Method (FEM) for the
vibration analysis of thick rectangular
plates of orthotropic materials involves
several key steps. These steps are essential
for constructing the finite element model,
solving the eigenvalue problem, and
obtaining the natural frequencies and mode
shapes of the plate. The following outlines
the numerical implementation process:

1. Mesh Generation:
The first step in the numerical
implementation is to create a finite
element mesh that discretizes the thick
rectangular plate into smaller elements.
The mesh should be sufficiently fine to
capture the complex geometry and
accurately represent the plate's behavior.
Commonly used element types for plate
analysis include quadrilateral or triangular
elements in 2-D, and brick or tetrahedral
elements in 3-D.

2. Material Properties and Plate

Geometry:

Assigning appropriate material properties
to the elements is crucial for accurate
analysis.  Orthotropic materials have
different elastic constants in different
directions, and these properties need to be
defined for each element. Additionally, the
plate's thickness and dimensions should be
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specified to create a three-dimensional
representation of the structure.

3. Derivation of Element Stiffness

and Mass Matrices:

For each finite element, the stiffness and
mass matrices are derived based on the
element's shape functions and integration
rules. These matrices capture the stiffness
and mass characteristics of the individual
elements, taking into account the material
properties and plate thickness.

4. Assembly of Global Stiffness and

Mass Matrices:

Next, the global stiffness and mass
matrices are assembled by combining the
contributions  from each individual
element. This process involves mapping
the local degrees of freedom to the global
degrees of freedom and applying
appropriate boundary conditions.

5. Boundary Conditions:
Applying the correct boundary conditions
is essential for an accurate analysis.
Depending on the support conditions at the
edges of the plate (e.g., simply supported,
clamped, or free), the corresponding
degree.
IV. PARAMETRIC STUDY
The parametric study in the vibration
analysis of thick rectangular plates of
orthotropic materials using the 3-D Finite
Element Method involves systematically
varying different parameters to investigate
their effects on the plate's natural
frequencies and mode shapes. The study
aims to gain a deeper understanding of
how various factors influence the dynamic
behavior of the plate. The following
parameters are typically considered in the
parametric study:

1. Material Properties:
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The material properties of orthotropic
materials have a significant impact on the
plate's vibration behavior. The parametric
study involves varying the elastic
constants (Young's modulus and Poisson's
ratio) in different directions (along the
principal material axes) to observe their
effects on the natural frequencies. By
changing the material properties, engineers
can optimize the plate's stiffness and tailor
its dynamic characteristics to suit specific
engineering applications.

2. Plate Thickness:
The thickness of the rectangular plate is
another critical parameter affecting its
vibration response. The parametric study
includes varying the plate thickness while
keeping other parameters constant.
Understanding the influence of thickness is
vital for designing lightweight structures
that meet required frequency constraints
and can withstand dynamic loading
conditions.

3. Aspect Ratio:
The aspect ratio of the rectangular plate,
defined as the ratio of its length to width,
plays a role in determining the distribution
of natural frequencies. By changing the
aspect ratio, engineers can observe how
different mode shapes manifest and how
the frequencies shift accordingly.

4. Boundary Conditions:
Different boundary conditions
significantly affect the plate's natural
frequencies and mode shapes. The
parametric study includes analyzing the
effects of various boundary conditions,
such as simply supported, clamped, and
free edges, on the plate's vibration
behavior. Engineers can determine the
most suitable support conditions to avoid
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resonance and optimize the plate's
performance.

5. Loading Conditions:

Varying the loading conditions applied to
the plate, such as point loads or distributed
loads, enables engineers to study the
sensitivity of natural frequencies and mode
shapes to different loading scenarios. This
information is valuable for designing
structures that can withstand real-world
dynamic loading conditions.

6. Material Anisotropy:
Orthotropic materials exhibit different
mechanical properties in different material
directions. The parametric study may
involve exploring the effects of material
anisotropy on the plate's vibration
behavior by considering different ratios of
elastic constants along the principal
material axes.

7. Damping:

Introducing damping into the plate's model
is essential to account for energy
dissipation and ensure a more realistic
representation of the dynamic behavior.
The parametric study can investigate the
influence of different damping models and
damping coefficients on the natural
frequencies and mode shapes.

8. Loading Frequency:

Studying the plate's vibration behavior
under different excitation frequencies
allows engineers to identify resonance
frequencies and design structures to avoid
potentially harmful resonance effects.

By  systematically  varying  these
parameters and analyzing their effects on
the plate's vibration behavior, the
parametric  study provides valuable
insights for optimizing the design of
orthotropic  structures. Engineers can
identify  critical design  parameters,
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improve the plate's performance, and
ensure the structural integrity and
functionality of engineering systems
involving thick rectangular plates of
orthotropic materials. s of freedom are
constrained or set to zero in the global
stiffness and mass matrices.

V. CONCLUSION

The research on the vibration analysis of
thick rectangular plates of orthotropic
materials using the 3-D Finite Element
Method and the parametric study
conducted in this research paper have
provided valuable insights into the
dynamic behavior of these structures. The
conclusions drawn from this study are as
follows:

1. Efficacy of 3-D Finite Element
Method: The use of the 3-D Finite
Element Method has proven to be
highly effective in accurately
modeling the vibration behavior of
thick rectangular plates made of
orthotropic materials. The 3-D
FEM accounts for all three-
dimensional effects, allowing for a
comprehensive analysis of the
plate's dynamic response under
various boundary conditions.

2. Sensitivity to Material Properties:
The parametric study has shown
that the material properties of
orthotropic materials significantly
influence the natural frequencies
and mode shapes of the plate. By
adjusting the elastic constants
along different material axes,
engineers can tailor the plate's
dynamic characteristics for specific
applications.

3. Plate Thickness Impact: The
thickness of the rectangular plate
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has a pronounced effect on its
vibration behavior. By varying the
plate thickness, engineers can
design lightweight structures that
meet specific frequency
requirements  while  ensuring
structural integrity.

Boundary Conditions
Optimization: The study has
highlighted the importance of
selecting appropriate  boundary
conditions for orthotropic plates.
The choice of boundary conditions
significantly affects the plate's
natural frequencies and mode
shapes, which can be critical in
preventing resonance and
optimizing structural performance.
Loading Conditions and Damping:
The investigation into different
loading conditions and damping
models has provided insights into
the plate's response under real-
world dynamic loading scenarios.
Proper consideration of damping is
essential to ensure realistic and
accurate analysis.

Practical Implications: The
findings of this research have
practical implications in various
engineering applications, including
aerospace, civil, and mechanical
engineering. Engineers can utilize
the knowledge gained from this
study to design more efficient and
reliable  structures  involving
orthotropic materials.

Design Optimization: By
understanding the sensitivities of
natural frequencies and mode
shapes to different parameters, the
research facilitates design
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optimization of orthotropic
structures. Engineers can now
make informed decisions to
improve performance and
minimize vibration-related issues.
8. Limitations and Future Research:
Despite the advancements made in
this study, there are certain
limitations to consider. For
instance, the analysis assumed
linear elastic behavior, neglecting
any material nonlinearities. Future
research could explore nonlinear
effects or investigate more
complex loading conditions and
geometries.
In conclusion, the vibration analysis of
thick rectangular plates made of
orthotropic materials using the 3-D Finite
Element Method, coupled with the
comprehensive parametric  study, has
significantly contributed to our
understanding of the dynamic behavior of
these structures. The research outcomes
offer valuable tools and insights for
engineers to design and optimize
orthotropic  structures  for  diverse
engineering  applications,  ultimately
leading to safer, more efficient, and
reliable  engineering  systems.  As
advancements in numerical techniques and
computational  power continue, the
analysis and optimization of orthotropic
structures will further evolve, opening new
avenues for future research and
engineering innovation.
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