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Mathematical Modelling of Mechanical Systems: Unlocking the Dynamics of Motion

Mathematical modelling of mechanical systems is an essential tool that engineers, physicists,
and researchers use to understand, predict, and optimize the behavior of physical devices and
structures. Whether it’s the suspension system in your car, the robotic arm on an assembly line, or
even the complex dynamics of an aircraft in flight, mathematical models provide a structured way to
describe how these systems respond to various forces and inputs. This article dives deep into the
fascinating world of mathematical modelling of mechanical systems, exploring its principles,
methods, and applications with clarity and practical insights.

What is Mathematical Modelling of Mechanical
Systems?

At its core, mathematical modelling of mechanical systems involves representing physical
mechanical components and their interactions through mathematical equations and relationships.
These models capture essential dynamics like motion, forces, energy, and deformation, allowing us
to simulate how a system behaves under different conditions without needing to build physical
prototypes for every scenario.

The process starts by identifying the key elements of a mechanical system—masses, springs,
dampers, gears, and joints—and describing their physical laws using mathematics. This can range
from simple algebraic equations in static systems to complex differential equations for dynamic,
time-dependent behavior.

The Role of Equations of Motion

One of the fundamental aspects of modelling mechanical systems lies in formulating the equations of
motion. Newton’s laws of motion, Lagrangian mechanics, and Hamiltonian mechanics are the three
classical approaches often used to derive these equations:

- **Newtonian Mechanics:** Uses forces and accelerations to set up differential equations. It’s
intuitive and widely applied in rigid body dynamics.
- **Lagrangian Mechanics:** Focuses on energy (kinetic and potential) and uses the principle of
least action to derive equations, especially useful for complex systems with constraints.
- **Hamiltonian Mechanics:** Provides a reformulation of mechanics emphasizing energy
conservation and phase space, often used in advanced theoretical studies.

Each approach offers unique advantages depending on the complexity and nature of the mechanical
system under study.



Key Components in Modelling Mechanical Systems

Understanding the building blocks of mechanical systems is crucial to effective modelling. Let’s
break down some of the fundamental components you’ll encounter:

Mass and Inertia

Mass represents the amount of matter in a body and directly influences how it responds to forces. In
dynamic systems, inertia (resistance to acceleration) plays a vital role. For example, a heavy
flywheel requires more torque to change its rotational speed, which must be accounted for in the
model.

Springs and Elasticity

Springs are mechanical elements that store and release energy through deformation. Hooke’s law,
which states that force is proportional to displacement (F = kx), is often used to model elastic
behavior. Springs introduce restorative forces that affect vibration and stability in systems.

Dampers and Energy Dissipation

Dampers mimic friction or resistance forces that dissipate energy, such as shock absorbers in
vehicles. They are usually modeled as forces proportional to velocity (F = cv), providing crucial
damping effects that reduce oscillations and improve stability.

Constraints and Joints

Real mechanical systems often have constraints limiting motion. Joints such as hinges, sliders, and
gears impose specific movement restrictions. Modelling these correctly ensures the system’s motion
reflects physical reality.

Methods for Building Mathematical Models

Building an accurate mathematical model involves several steps, from conceptualization to solving
the governing equations. Here’s a typical workflow:

1. System Identification and Simplification

Mechanical systems can be incredibly complex, so the first step is to identify the primary elements



and interactions that significantly influence behavior. Simplifying assumptions—like treating
components as rigid bodies or neglecting minor friction—help make the model tractable while
retaining accuracy.

2. Deriving Governing Equations

Based on the chosen modelling approach (Newtonian, Lagrangian, etc.), write down the equations
representing the forces, energy, and motion. This usually results in a set of ordinary or partial
differential equations.

3. Applying Initial and Boundary Conditions

To solve the equations, specify initial states (positions, velocities) and boundary conditions (fixed
supports, applied loads). These conditions tailor the model to the real-world scenario you want to
analyze.

4. Analytical or Numerical Solutions

Simple models might be solvable analytically, providing explicit formulas for motion or forces. More
complex systems require numerical techniques like finite element analysis (FEA), finite difference,
or Runge-Kutta methods implemented on computers.

5. Validation and Refinement

Model predictions must be compared with experimental data or real-world observations.
Discrepancies guide refinements—adjusting parameters, incorporating additional effects, or
improving assumptions.

Applications of Mathematical Modelling in Mechanical
Systems

The versatility of mathematical modelling makes it indispensable across numerous engineering and
scientific fields. Here are some prominent applications:

Vibration Analysis and Control

Mechanical systems often experience vibrations that can cause noise, wear, or failure. Through
mathematical modelling, engineers can predict natural frequencies, mode shapes, and damping
characteristics. This insight allows design of vibration isolators, tuned mass dampers, or active



control systems to mitigate unwanted oscillations.

Robotics and Automation

Robotic arms and manipulators rely heavily on precise mathematical models to determine joint
torques, trajectories, and dynamic responses. Accurate models enable smooth, efficient, and safe
operation in manufacturing, medical surgery, and exploration.

Vehicle Dynamics

From cars to airplanes, vehicle performance hinges on understanding mechanical interactions like
suspension dynamics, tire-road contact, and aerodynamic forces. Mathematical models help optimize
comfort, safety, fuel efficiency, and handling.

Structural Mechanics

Bridges, buildings, and mechanical frames are analyzed through modelling to predict stresses and
deformations under loads. This ensures structural integrity and guides material selection.

Challenges and Tips in Mathematical Modelling of
Mechanical Systems

While mathematical modelling offers powerful insights, it also presents several challenges:

- **Complexity vs. Accuracy:** Striking the right balance between a simple model that’s easy to
analyze and a detailed one that accurately captures all phenomena is key.
- **Nonlinearities:** Many mechanical behaviors are nonlinear (e.g., large deformations, friction),
complicating equations and solutions.
- **Parameter Estimation:** Physical parameters like stiffness or damping coefficients may be
difficult to measure precisely, requiring estimation or experimental calibration.
- **Computational Resources:** High-fidelity models with many degrees of freedom demand
significant computational power.

Here are some tips to navigate these challenges effectively:

Start Simple: Begin with the simplest model possible, then incrementally add complexity.

Use Modular Approaches: Break complex systems into subsystems and model separately
before integration.

Leverage Software Tools: Utilize software like MATLAB, Simulink, or ANSYS for simulation



and numerical solutions.

Validate Early and Often: Compare model predictions with experiments at each stage to
catch errors early.

Document Assumptions: Keep track of simplifications and assumptions to understand their
impact on results.

Emerging Trends in Mathematical Modelling of
Mechanical Systems

With advances in computation, artificial intelligence, and sensor technology, mathematical modelling
is evolving rapidly:

- **Data-Driven Modelling:** Combining traditional physics-based models with machine learning to
improve accuracy and adaptivity.
- **Multiphysics Modelling:** Integrating mechanical models with thermal, electrical, or fluid
dynamics for comprehensive system simulations.
- **Real-Time Modelling:** Developing lightweight models that can run in real-time for control
systems and digital twins.
- **Uncertainty Quantification:** Accounting for variability and measurement errors to make models
more robust and reliable.

These innovations open exciting possibilities for smarter, more responsive mechanical systems in the
future.

Mathematical modelling of mechanical systems is not just an academic exercise; it’s a practical,
indispensable approach that bridges theory and reality. By capturing the essence of mechanical
behavior in mathematical language, engineers and scientists unlock the ability to predict, design,
and innovate with confidence. Whether you’re tackling a simple spring-mass system or the dynamics
of a robotic exoskeleton, understanding and applying these modelling principles empowers you to
bring mechanical ideas to life with precision and insight.

Frequently Asked Questions

What is mathematical modelling of mechanical systems?
Mathematical modelling of mechanical systems involves using mathematical equations and
computational methods to represent, analyze, and predict the behavior of mechanical components
and systems.

Why is mathematical modelling important in mechanical



engineering?
Mathematical modelling helps engineers understand system dynamics, optimize designs, predict
performance, and reduce the need for costly physical prototypes.

What are the common techniques used in mathematical
modelling of mechanical systems?
Common techniques include differential equations, finite element analysis (FEA), multibody
dynamics, system identification, and numerical simulations.

How does finite element analysis contribute to modelling
mechanical systems?
Finite element analysis divides a complex mechanical structure into smaller elements, allowing
detailed stress, strain, and deformation analysis under various loading conditions.

What role do differential equations play in mechanical system
modelling?
Differential equations describe the relationships between forces, motion, and system parameters,
enabling the prediction of dynamic behavior such as vibrations and oscillations.

Can mathematical models predict failure in mechanical
systems?
Yes, mathematical models can simulate stress concentrations, fatigue life, and failure modes to
predict when and how mechanical components might fail.

How is system identification used in modelling mechanical
systems?
System identification involves using experimental data to develop or refine mathematical models
that accurately represent the dynamic behavior of mechanical systems.

What software tools are commonly used for mathematical
modelling of mechanical systems?
Popular software includes MATLAB/Simulink, ANSYS, Abaqus, SolidWorks Simulation, and COMSOL
Multiphysics for creating and analyzing mechanical system models.

How does mathematical modelling aid in control design for
mechanical systems?
Mathematical models provide a basis for designing control algorithms by accurately representing
system dynamics, enabling effective control strategies for stability and performance.



Additional Resources
Mathematical Modelling of Mechanical Systems: An In-Depth Exploration

mathematical modelling of mechanical systems serves as a foundational tool in engineering and
applied sciences, enabling researchers and practitioners to represent, analyze, and predict the
behavior of complex mechanical structures and devices. This approach encapsulates physical
phenomena into mathematical expressions, offering insights that are critical for design optimization,
control strategies, and failure prevention. Given the increasing complexity of modern mechanical
systems, the role of accurate and efficient mathematical models has never been more pivotal.

At its core, mathematical modelling translates the physical attributes and dynamic interactions of
mechanical components into equations—often differential equations—that describe motion, forces,
energy exchanges, and system responses. These models bridge theoretical mechanics and practical
engineering, facilitating simulations that reduce time and cost compared to physical prototyping.
Moreover, with advances in computational power and numerical methods, the scope and precision of
these models continue to improve, accommodating non-linearities, multi-body dynamics, and coupled
phenomena.

Fundamentals of Mathematical Modelling in
Mechanical Systems

Mathematical modelling in the context of mechanical systems involves representing elements such
as masses, springs, dampers, rigid bodies, and joints through mathematical constructs. The process
typically begins with identifying system boundaries and relevant physical laws, such as Newton’s
laws of motion, conservation of energy, and material constitutive relationships.

The primary goal is to develop governing equations that accurately describe system behavior under
various inputs and conditions. These equations can be ordinary differential equations (ODEs), partial
differential equations (PDEs), or algebraic equations depending on the complexity and spatial
considerations of the system.

Key Components and Approaches

1. **Rigid Body Dynamics**: Treats components as solid bodies with defined mass and inertia,
focusing on translational and rotational motion without deformation. This approach simplifies many
mechanical systems, making it suitable for robotics and vehicle dynamics.

2. **Flexible Body Dynamics**: Accounts for deformation, vibration, and stress distribution within
mechanical components. This is crucial in aerospace structures, mechanical linkages, and precision
instruments where elasticity impacts performance.

3. **Multi-Body Systems**: Involves interconnected bodies with joints and constraints, requiring
complex kinematic and dynamic formulations. Techniques like Lagrangian and Newton-Euler
methods are often employed here.



4. **Control-oriented Modelling**: Integrates the mechanical system’s dynamic equations with
control inputs, essential for designing feedback controllers in automated machinery and robotics.

Mathematical Techniques Employed

- **Differential Equations**: Most mechanical systems are governed by ODEs or PDEs representing
motion and deformation. Solving these equations, either analytically or numerically, is central to
model predictions.

- **Matrix Methods**: State-space representations and system matrices enable compact expression
of system dynamics, facilitating computational simulations and control design.

- **Finite Element Analysis (FEA)**: For spatially distributed mechanical systems, FEA converts
PDEs into solvable algebraic systems by discretization, widely used for stress and vibration analysis.

- **Computational Algorithms**: Numerical integration methods (e.g., Runge-Kutta), optimization
techniques, and parameter estimation algorithms enhance model accuracy and utility.

Applications and Implications in Engineering

The mathematical modelling of mechanical systems finds extensive applications across various
industries. In automotive engineering, for example, models simulate suspension dynamics to improve
ride comfort and handling. Aerospace engineering relies heavily on modelling to predict aircraft
structural behavior under aerodynamic loads and during maneuvers. Robotics uses dynamic models
to enable precise motion control and path planning.

Such models contribute to:

- **Design Optimization**: By simulating different configurations and material properties, engineers
can optimize for strength, weight, and cost.

- **Predictive Maintenance**: Models help forecast wear and potential failure points, enhancing
reliability and safety.

- **Control System Development**: Accurate models are fundamental to designing control
algorithms that ensure stability and performance.

- **Educational and Research Purposes**: They provide a framework for understanding complex
mechanical phenomena and validating experimental results.

Challenges in Mathematical Modelling

Despite its advantages, mathematical modelling of mechanical systems is not without challenges:

- **Model Complexity vs. Computational Cost**: Detailed models capture more phenomena but



demand higher computational resources, which may limit real-time applications.

- **Parameter Identification**: Obtaining accurate system parameters (mass, stiffness, damping) is
often difficult, leading to model uncertainty.

- **Nonlinearity and Coupled Effects**: Many mechanical systems exhibit nonlinear behavior and
interactions with other physical domains (thermal, electrical), complicating the modelling process.

- **Validation and Verification**: Models require rigorous testing against experimental data to
ensure reliability, which can be resource-intensive.

Emerging Trends and Future Directions

Recent advancements are pushing the boundaries of mathematical modelling in mechanical systems.
Integration with data-driven techniques, such as machine learning and system identification, is
enhancing model accuracy and adaptability. Hybrid models that combine physics-based equations
with data analytics enable better handling of uncertainties and complex behaviors.

Moreover, real-time simulation and digital twin technologies are gaining prominence, allowing
continuous monitoring and optimization of mechanical systems during operation. High-fidelity
models coupled with Internet of Things (IoT) sensors provide unprecedented insights into system
health and performance.

The development of multi-physics models that incorporate mechanical, thermal, fluid, and
electromagnetic phenomena is another frontier, essential for designing next-generation devices like
micro-electromechanical systems (MEMS) and advanced robotics.

In summary, the mathematical modelling of mechanical systems remains an evolving discipline,
balancing theoretical rigor with practical utility. Its role is indispensable in advancing engineering
design, enabling predictive capabilities, and supporting innovation across diverse technological
domains. As computational tools and interdisciplinary approaches mature, these models will become
even more integral to understanding and harnessing mechanical systems in an increasingly complex
world.

Mathematical Modelling Of Mechanical Systems

  mathematical modelling of mechanical systems: Mathematical Modelling of Complex
Mechanical Systems: Discrete models K. Arczewski, J. Pietrucha, 1993 This, the first of a two-volume
work, presents the fundamentals of model creation, providing a methodology for the creation of
mathematical models at various levels of mechanical phenomena. Examples illustrate the text, taken
from the fields of aeronautical, civil and mechanical engineering.
  mathematical modelling of mechanical systems: The Art of Modeling Mechanical Systems
Friedrich Pfeiffer, Hartmut Bremer, 2016-09-14 The papers in this volume present rules for
mechanical models in a general systematic way, always in combination with small and large
examples, many from industry, illustrating the most important features of modeling. The best way to
reach a good solution is discussed. The papers address researchers and engineers from academia
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and from industry, doctoral students and postdocs, working in the fields of mechanical, civil and
electrical engineering as well as in fields like applied physics or applied mathematics.
  mathematical modelling of mechanical systems: Mathematical Modeling of Mechanical
Systems and Electrical and Fluid Danielle Welch, 2017-01-30 In studying control systems the
reader must be able to model dynamic systems in mathematical terms and analyze their dynamic
characteristics.A mathematical model of a dynamic system is defined as a set of equations that
represents the dynamics of the system accurately, or at least fairly well. Note that a mathematical
model is not unique to a given system.A system may be represented in many different ways and,
therefore, may have many mathematical models, depending on one's perspective.
  mathematical modelling of mechanical systems: Modelling of Mechanical Systems:
Discrete Systems Francois Axisa, 2003-11-01 This first volume is concerned with discrete systems –
the study of which constitutes the cornerstone of all mechanical systems, linear or non-linear. It
covers the formulation of equations of motion and the systematic study of free and forced vibrations.
The book goes into detail about subjects such as generalized coordinates and kinematical conditions;
Hamilton's principle and Lagrange equations; linear algebra in N-dimensional linear spaces and the
orthogonal basis of natural modes of vibration of conservative systems. Also included are the
Laplace transform and forced responses of linear dynamical systems, the Fourier transform and
spectral analysis of excitation and response deterministic signals.Forthcoming volumes in this
series:Vol II: Structural Elements; to be published in June 2005Vol III: Fluid-structure Interactions;
to be published in August 2006Vol IV: Flow-induced Vibrations; to be published in August 2007*
Presents the general methods that provide a unified framework to model mathematically mechanical
systems of interest to the engineer, analyzing the response of these systems* Focuses on linear
problems, but includes some aspects of non-linear configuration* Comprehensive coverage of
mathematical techniques used to perform computer-based analytical studies and numerical
simulations* Discusses the mathematical techniques used to perform analytical studies and
numerical simulations on the computer
  mathematical modelling of mechanical systems: Modelling of Mechanical Systems:
Fluid-Structure Interaction Francois Axisa, Jose Antunes, 2006-12-07 Written by an eminent
authority in the field, Modelling of Mechanical Systems: Fluid-Structure Interaction is the third in a
series of four self-contained volumes suitable for practitioners, academics and students alike in
engineering, physical sciences and applied mechanics. The series skilfully weaves a theoretical and
pragmatic approach to modelling mechanical systems and to analysing the responses of these
systems. The study of fluid-structure interactions in this third volume covers the coupled dynamics
of solids and fluids, restricted to the case of oscillatory motions about a state of static equilibrium.
Physical and mathematical aspects of modelling these mechanisms are described in depth and
illustrated by numerous worked out exercises.· Written by a world authority in the field in a clear,
concise and accessible style · Comprehensive coverage of mathematical techniques used to perform
computer-based analytical studies and numerical simulations · A key reference for mechanical
engineers, researchers and graduate students
  mathematical modelling of mechanical systems: Control Systems: Theory and Applications
GHOSH, 2013 Control Systems: Theory and Applications contains a comprehensive coverage of the
subject ranging from conventional control to modern control including non-linear control, digital
control systems and applications of fuzzy logic. Emphasis has been laid on the pedagogical aspects
of the subject.
  mathematical modelling of mechanical systems: Dynamic Response of Linear Mechanical
Systems Jorge Angeles, 2011-09-15 Dynamic Response of Linear Mechanical Systems: Modeling,
Analysis and Simulation can be utilized for a variety of courses, including junior and senior-level
vibration and linear mechanical analysis courses. The author connects, by means of a rigorous, yet
intuitive approach, the theory of vibration with the more general theory of systems. The book
features: A seven-step modeling technique that helps structure the rather unstructured process of
mechanical-system modeling A system-theoretic approach to deriving the time response of the linear



mathematical models of mechanical systems The modal analysis and the time response of
two-degree-of-freedom systems—the first step on the long way to the more elaborate study of
multi-degree-of-freedom systems—using the Mohr circle Simple, yet powerful simulation algorithms
that exploit the linearity of the system for both single- and multi-degree-of-freedom systems
Examples and exercises that rely on modern computational toolboxes for both numerical and
symbolic computations as well as a Solutions Manual for instructors, with complete solutions of a
sample of end-of-chapter exercises Chapters 3 and 7, on simulation, include in each “Exercises”
section a set of miniprojects that require code-writing to implement the algorithms developed in
these chapters
  mathematical modelling of mechanical systems: Modelling of Mechanical Systems:
Structural Elements Francois Axisa, Philippe Trompette, 2005-08-22 The modelling of mechanical
systems provides engineers and students with the methods to model and understand mechanical
systems by using both mathematical and computer-based tools. Written by an eminent authority in
the field, this is the second of four volumes which provide engineers with a comprehensive resource
on this cornerstone mechanical engineering subject. Dealing with continuous systems, this book
covers solid mechanics, beams, plates and shells. In a clear style and with a practical rather than
theoretical approach, it shows how to model continuous systems in order to study vibration modes,
motion and forces. Appendices give useful primers on aspects of the mathematics introduced in the
book. Other volumes in the series cover discrete systems, fluid-structure interaction and
flow-induced vibration.*Axisa is a world authority in the modelling of systems*Comprehensive
coverage of mathematical techniques used to perform computer-based analytical studies and
numerical simulations*A key reference for mechanical engineers, researchers and graduate students
in this cornerstone subject
  mathematical modelling of mechanical systems: Design and Modeling of Mechanical
Systems—III Mohamed Haddar, Fakher Chaari, Abdelmajid Benamara, Mnaouar Chouchane, Chafik
Karra, Nizar Aifaoui, 2017-11-25 This book offers a collection of original peer-reviewed contributions
presented at the 7th International Congress on Design and Modeling of Mechanical Systems
(CMSM’2017), held in Hammamet, Tunisia, from the 27th to the 29th of March 2017. It reports on
both research findings, innovative industrial applications and case studies concerning mechanical
systems and related to modeling and analysis of materials and structures, multiphysics methods,
nonlinear dynamics, fluid structure interaction and vibroacoustics, design and manufacturing
engineering. Continuing on the tradition of the previous editions, this proceedings offers a broad
overview on the state-of-the art in the field and a useful resource for academic and industry
specialists active in the field of design and modeling of mechanical systems. CMSM’2017 was jointly
organized by two leading Tunisian research laboratories: the Mechanical, Modeling and
Manufacturing Laboratory of the National Engineering School of Sfax and the Mechanical
Engineering Laboratory of the National Engineering School of Monastir..
  mathematical modelling of mechanical systems: Control Systems Rao V. Dukkipati, 2005
Discusses in a concise but through manner fundamental statement of the theory, principles and
methods for the analysis and design of control systems and their applications to real life practical
control systems problems. This book includes concepts and review of classical matrix analysis,
Laplace transforms, modeling of mechanical, and electrical.
  mathematical modelling of mechanical systems: Mathematical Modelling of Complex
Mechanical Systems K. Arczewski, J. Pietrucha, C. M. Leech, 19??
  mathematical modelling of mechanical systems: Design and Modeling of Mechanical
Systems - II Mnaouar Chouchane, Tahar Fakhfakh, Hachmi Ben Daly, Nizar Aifaoui, Fakher Chaari,
2015-03-24 This book offers a collection of original peer-reviewed contributions presented at the 6th
International Congress on Design and Modeling of Mechanical Systems (CMSM’2015), held in
Hammamet, Tunisia, from the 23rd to the 25th of March 2015. It reports on both recent research
findings and innovative industrial applications in the fields of mechatronics and robotics, dynamics
of mechanical systems, fluid structure interaction and vibroacoustics, modeling and analysis of



materials and structures, and design and manufacturing of mechanical systems. Since its first
edition in 2005, the CMSM Congress has been held every two years with the aim of bringing
together specialists from universities and industry to present the state-of-the-art in research and
applications, discuss the most recent findings and exchange and develop expertise in the field of
design and modeling of mechanical systems. The CMSM Congress is jointly organized by three
Tunisian research laboratories: the Mechanical Engineering Laboratory of the National Engineering
School of Monastir; the Mechanical Laboratory of Sousse, part of the National Engineering School of
Sousse; and the Mechanical, Modeling and Manufacturing Laboratory at the National Engineering
School of Sfax.
  mathematical modelling of mechanical systems: Design and Modeling of Mechanical
Systems - VI Mnaouar Chouchane, Moez Abdennadher, Nizar Aifaoui, Fakher Chaari, Slim Bouaziz,
Zouhaier Affi, Mohamed Haddar, Lotfi Romdhane, Abdelmajid Benamara, 2024-08-27 This book
offers a collection of original peer-reviewed contributions presented at the 10th International
Congress on Design and Modeling of Mechanical Systems (CMSM’2023), held on December 18-20,
2023, in Hammamet, Tunisia. It reports on a wide spectrum of research findings, advanced methods
and industrial applications relating to mechanical system behavior and vibration analysis. A special
emphasis is given to numerical modeling and CFD simulation. Moreover, the book covers a set of
industrial engineering problems and solutions, and applications of machine learning and artificial
intelligence, e.g. in predictive main timely snapshot, and a useful resource for both researchers and
professionals in the field of design and modeling of mechanical systems.tenance. Continuing on the
tradition of the previous editions, and with a good balance of theory and practice, this first volume of
a 2-volume set offers a timely snapshot, and a useful resource for both researchers and professionals
in the field of design and modeling of mechanical systems.
  mathematical modelling of mechanical systems: Mechanical Systems, Classical Models
Petre P. Teodorescu, 2007-06-06 In the study of a science of nature mathematics plays an important
role. Mechanics is the first science of nature which was expressed in terms of mathematics by
considering various mathematical models, associated to phenomena of the surrounding nature.
Thus, its development was influenced by the use of a strong mathematical tool; on the other hand,
we must observe that mechanics also influenced the introduction and the development of many
mathematical notions. In this respect, the guideline of the present book is precisely the
mathematical model of mechanics. A special accent is put on the solving methodology as well as on
the mathematical tools used; vectors, tensors and notions of field theory. Continuous and
discontinuous phenomena, various mechanical magnitudes are presented in a unitary form by means
of the theory of distributions. Some appendices give the book an autonomy with respect to other
works, special previous mathematical knowledge being not necessary. Some applications connected
to important phenomena of nature are presented, and this also gives one the possibility to solve
problems of interest from the technical, engineering point of view.
  mathematical modelling of mechanical systems: Fluid Structure Interaction François Axisa,
José Antunes, 2007 Written by an eminent authority in the field, Modelling of Mechanical Systems:
Fluid-Structure Interaction is the third in a series of four self-contained volumes suitable for
practitioners, academics and students alike in engineering, physical sciences and applied mechanics.
The series skilfully weaves a theoretical and pragmatic approach to modelling mechanical systems
and to analysing the responses of these systems. The study of fluid-structure interactions in this
third volume covers the coupled dynamics of solids and fluids, restricted to the case of oscillatory
motions about a state of static equilibrium. Physical and mathematical aspects of modelling these
mechanisms are described in depth and illustrated by numerous worked out exercises. â€¢ Written
by a world authority in the field in a clear, concise and accessible style â€¢ Comprehensive coverage
of mathematical techniques used to perform computer-based analytical studies and numerical
simulations â€¢ A key reference for mechanical engineers, researchers and graduate students
  mathematical modelling of mechanical systems: Modelling And Control Of Mechanisms And
Robots Antonio Tornambe, Claudio Melchiorri, 1996-05-30 This volume provides doctorate students



and professionals with basic and advanced material on modelling and control of complex mechanical
systems, with particular emphasis on robotic manipulators.
  mathematical modelling of mechanical systems: Mechanical Systems, Classical Models
Petre P. Teodorescu, 2006-12-21 This book examines the study of mechanical systems as well as its
links to other sciences of nature. It presents the fundamentals behind how mechanical theories are
constructed and details the solving methodology and mathematical tools used: vectors, tensors and
notions of field theory. It also offers continuous and discontinuous phenomena as well as various
mechanical magnitudes in a unitary form by means of the theory of distributions.
  mathematical modelling of mechanical systems: Dynamic Systems Craig A. Kluever,
2015-04-06 Craig Kluever ‘s Dynamic Systems: Modeling, Simulation, and Control highlights
essential topics such as analysis, design, and control of physical engineering systems, often
composed of interacting mechanical, electrical and fluid subsystem components. The major topics
covered in this text include mathematical modeling, system-response analysis, and an introduction to
feedback control systems. Dynamic Systems integrates an early introduction to numerical simulation
using MATLAB®’s Simulink for integrated systems. Simulink® and MATLAB® tutorials for both
software programs will also be provided. The author’s text also has a strong emphasis on real-world
case studies.
  mathematical modelling of mechanical systems: Modelling of mechanical systems François
Axisa, 2007
  mathematical modelling of mechanical systems: Ordinary Differential Equations and
Mechanical Systems Jan Awrejcewicz, 2014-09-17 This book applies a step-by-step treatment of the
current state-of-the-art of ordinary differential equations used in modeling of engineering
systems/processes and beyond. It covers systematically ordered problems, beginning with first and
second order ODEs, linear and higher-order ODEs of polynomial form, theory and criteria of
similarity, modeling approaches, phase plane and phase space concepts, stability optimization and
ending on chaos and synchronization. Presenting both an overview of the theory of the introductory
differential equations in the context of applicability and a systematic treatment of modeling of
numerous engineering and physical problems through linear and non-linear ODEs, the volume is
self-contained, yet serves both scientific and engineering interests. The presentation relies on a
general treatment, analytical and numerical methods, concrete examples and engineering intuition.
The scientific background used is well balanced between elementary and advanced level, making it
as a unique self-contained source for both theoretically and application oriented graduate and
doctoral students, university teachers, researchers and engineers of mechanical, civil and
mechatronic engineering.
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