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Mechanical Design Of Machine Elements And Machines
This book introduces the subject of total design, and introduces the design and selection of various common mechanical
engineering components and machine elements. These provide "building blocks", with which the engineer can practice his or her
art. The approach adopted for defining design follows that developed by the SEED (Sharing Experience in Engineering Design)
programme where design is viewed as "the total activity necessary to provide a product or process to meet a market need." Within
this framework the book concentrates on developing detailed mechanical design skills in the areas of bearings, shafts, gears,
seals, belt and chain drives, clutches and brakes, springs and fasteners. Where standard components are available from
manufacturers, the steps necessary for their specification and selection are developed. The framework used within the text has
been to provide descriptive and illustrative information to introduce principles and individual components and to expose the reader
to the detailed methods and calculations necessary to specify and design or select a component. To provide the reader with
sufficient information to develop the necessary skills to repeat calculations and selection processes, detailed examples and
worked solutions are supplied throughout the text. This book is principally a Year/Level 1 and 2 undergraduate text. Pre-requisite
skills include some year one undergraduate mathematics, fluid mechanics and heat transfer, principles of materials, statics and
dynamics. However, as the subjects are introduced in a descriptive and illustrative format and as full worked solutions are
provided, it is possible for readers without this formal level of education to benefit from this book. The text is specifically aimed at
automotive and mechanical engineering degree programmes and would be of value for modules in design, mechanical
engineering design, design and manufacture, design studies, automotive power-train and transmission and tribology, as well as
modules and project work incorporating a design element requiring knowledge about any of the content described. The aims and
objectives described are achieved by a short introductory chapters on total design, mechanical engineering and machine elements
followed by ten chapters on machine elements covering: bearings, shafts, gears, seals, chain and belt drives, clutches and brakes,
springs, fasteners and miscellaneous mechanisms. Chapters 14 and 15 introduce casings and enclosures and sensors and
actuators, key features of most forms of mechanical technology. The subject of tolerancing from a component to a process level is
introduced in Chapter 16. The last chapter serves to present an integrated design using the detailed design aspects covered within
the book. The design methods where appropriate are developed to national and international standards (e.g. ANSI, ASME, AGMA,
BSI, DIN, ISO). The first edition of this text introduced a variety of machine elements as building blocks with which design of
mechanical devices can be undertaken. The approach adopted of introducing and explaining the aspects of technology by means
of text, photographs, diagrams and step-by-step procedures has been maintained. A number of important machine elements have
been included in the new edition, fasteners, springs, sensors and actuators. They are included here. Chapters on total design, the
scope of mechanical engineering and machine elements have been completely revised and updated. New chapters are included
on casings and enclosures and miscellaneous mechanisms and the final chapter has been rewritten to provide an integrated
approach. Multiple worked examples and completed solutions are included.
Mechanical Design of Machine Elements and MachinesA Failure Prevention PerspectiveJohn Wiley & Sons
On previous occasions each Symposium has focused attention on a current and significant research topic, usually reflecting the
interests of the Leeds or Lyon research groups, however this time the main focus was on the vitally important subject of
technology transfer, providing the 154 delegates from 21 countries with the rare opportunity to discuss the impact of their studies
on machine design.
Machine Designpresents the subject matter in an up-to-date and thorough manner with a strong design emphasis. This textbook
emphasizes both failure theory and analysis as well as emphasizing the synthesis and design aspects of machine elements. The
book points out the commonality of the analytical approaches needed to design a wide variety of elements and emphasizes the
use of computer-aided engineering as an approach to the design and analysis of these classes of problems. About 100 new
problems will be added throughout the book, and certain topics are updated and enhanced.
This comprehensive text on principles and practice of mechanical design discusses the concepts, procedures, data, tools, and
analytical methodologies needed to perform design calculations for the most frequently encountered mechanical elements such as
shafts, gears, belt, rope and chain drives, bearings, springs, joints, couplings, brakes and clutches, flywheels, as well as design
calculations of various IC engine parts. The book focuses on all aspects of design of machine elements including material
selection and life or performance estimation under static, fatigue, impact and creep loading conditions. The book also introduces
various engineering analysis tools such as MATLAB, AutoCAD, and Finite Element Methods with a view to optimizing the design.
It also explains the fracture mechanics based design concept with many practical examples. Pedagogically strong, the book
features an abundance of worked-out examples, case studies, chapter-end summaries, review questions as well as multiple
choice questions which are all well designed to sharpen the learning and design skills of the students. This textbook is designed to
appropriately serve the needs of undergraduate and postgraduate students of mechanical engineering, agricultural engineering,
and production and industrial engineering for a complete course in Machine Design (Papers I and II), fully conforming to the
prescribed syllabi of all universities and institutes.
The book covers fundamental concepts, description, terminology, force analysis and methods of analysis and design of various
machine elements like Curved Beams, Springs, Spur, Helical, Bevel and Worm Gears, Clutches, Brakes, Belts, Ropes, Chains,
Ball Bearings and Journal Bearings. The emphasis in treating the machine elements is on the methods and procedures that give
the student enough competence in applying these methods and procedures to mechanical components in general. This book
offers the students to learn to use the best available design knowledge together with empirical information, logical judgment, and
often a degree of ingenuity in mechanical engineering design. Following are the salient features of the book: " Compatible with the
Machine Design Data Books (of same publisher and other famous books) " Step by step procedure for design of machine
elements " Large and variety of problems solved " Thought provoking exercise problems " The example design problems and
solution techniques are spelled out in detail " Thorough and in depth treatment of design of the requisite machine elements "
Balance between analysis and design " Emphasis on the materials, properties and analysis of the machine elements " Selection of
Material and factor of safety are given for each machine element " All the illustrations are done with the help of suitable diagrams "
As per Indian Standards.
Covers the basic principles of failure of metallic and non-metallic materials in mechanical design applications. Updated to include
new developments on fracture mechanics, including both linear-elastic and elastic-plastic mechanics. Contains new material on
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strain and crack development and behavior. Emphasizes the potential for mechanical failure brought about by the stresses, strains
and energy transfers in machine parts that result from the forces, deflections and energy inputs applied.
Focusing on how a machine "feels" and behaves while operating, Machine Elements: Life and Design seeks to impart both
intellectual and emotional comprehension regarding the "life" of a machine. It presents a detailed description of how machines
elements function, seeking to form a sympathetic attitude toward the machine and to ensure its wellbeing through more careful
and proper design. The book is divided into three sections for accessibility and ease of comprehension. The first section is devoted
to microscopic deformations and displacements both in permanent connections and within the bodies of stressed parts. Topics
include relative movements in interference fit connections and bolted joints, visual demonstrations and clarifications of the
phenomenon of stress concentration, and increasing the load capacity of parts using prior elasto-plastic deformation and surface
plastic deformation. The second part examines machine elements and units. Topics include load capacity calculations of
interference fit connections under bending, new considerations about the role of the interference fit in key joints, a detailed
examination of bolts loaded by eccentrically applied tension forces, resistance of cylindrical roller bearings to axial displacement
under load, and a new approach to the choice of fits for rolling contact bearings. The third section addresses strength calculations
and life prediction of machine parts. It includes information on the phenomena of static strength and fatigue; correlation between
calculated and real strength and safety factors; and error migration.
Mechanical Design Engineering Handbook is a straight-talking and forward-thinking reference covering the design, specification,
selection, use and integration of machine elements fundamental to a wide range of engineering applications. Develop or refresh
your mechanical design skills in the areas of bearings, shafts, gears, seals, belts and chains, clutches and brakes, springs,
fasteners, pneumatics and hydraulics, amongst other core mechanical elements, and dip in for principles, data and calculations as
needed to inform and evaluate your on-the-job decisions. Covering the full spectrum of common mechanical and machine
components that act as building blocks in the design of mechanical devices, Mechanical Design Engineering Handbook also
includes worked design scenarios and essential background on design methodology to help you get started with a problem and
repeat selection processes with successful results time and time again. This practical handbook will make an ideal shelf reference
for those working in mechanical design across a variety of industries and a valuable learning resource for advanced students
undertaking engineering design modules and projects as part of broader mechanical, aerospace, automotive and manufacturing
programs. Clear, concise text explains key component technology, with step-by-step procedures, fully worked design scenarios,
component images and cross-sectional line drawings all incorporated for ease of understanding Provides essential data, equations
and interactive ancillaries, including calculation spreadsheets, to inform decision making, design evaluation and incorporation of
components into overall designs Design procedures and methods covered include references to national and international
standards where appropriate
Revised extensively, the new edition of this text conforms to the syllabi of all Indian Universities in India. This text strictly focuses
on the undergraduate syllabus of Design of Machine Elements I and II , offered over two semesters.
Machine Design is interdisciplinary and draws its matter from different subjects such as Thermodynamics, Fluid Mechanics,
Production Engineering, Mathematics etc. to name a few. As such, this book serves as a databook for various subjects of
Mechanical Engineering. It also acts as a supplement to our popular book, Design of Machine Elements. It’s a concise, updated
data handbook that maps with the syllabi of all major universities and technical boards of India as well as professional examining
bodies such as Institute of Engineers.
The book covers fundamental concepts, description, terminology, force analysis and methods of analysis and design. The
emphasis in treating the machine elements is on methods and procedures that give the student competence in applying these to
mechanical components in general. The book offers the students to learn to use the best available scientific understanding
together with empirical information, good judgement, and often a degree of ingenuity, in order to produce the best product. Few
unique articles e.g., chain failure modes, lubrication of chain drive, timing belt pulleys, rope lay selection, wire rope manufacturing
methods, effect of sheave size etc., are included. Friction materials are discussed in detail for both wet and dry running with the
relevant charts used in industry. Design of journal bearing is dealt exhaustively. Salient Features: " Compatible with the Machine
Design Data Book (same author and publisher). " Thorough treatment of the requisite engineering mechanics topics. " Balance
between analysis and design. " Emphasis on the materials, properties and analysis of the machine element. " Material, factor of
safety and manufacturing method are given for each machine element. " Design steps are given for all important machine
elements. " The example design problems and solution techniques are spelled out in detail. " Objective type, short answer and
review problems are given at the end of each chapter. " All the illustrations are done with the help of suitable diagrams. " As per
Indian Standards.
Mechanical Engineering Design, Third Edition strikes a balance between theory and application, and prepares students for more
advanced study or professional practice. Updated throughout, it outlines basic concepts and provides the necessary theory to gain
insight into mechanics with numerical methods in design. Divided into three sections, the text presents background topics,
addresses failure prevention across a variety of machine elements, and covers the design of machine components as well as
entire machines. Optional sections treating special and advanced topics are also included. Features: Places a strong emphasis on
the fundamentals of mechanics of materials as they relate to the study of mechanical design Furnishes material selection charts
and tables as an aid for specific uses Includes numerous practical case studies of various components and machines Covers
applied finite element analysis in design, offering this useful tool for computer-oriented examples Addresses the ABET design
criteria in a systematic manner Presents independent chapters that can be studied in any order Introduces optional MATLAB®
solutions tied to the book and student learning resources Mechanical Engineering Design, Third Edition allows students to gain a
grasp of the fundamentals of machine design and the ability to apply these fundamentals to various new engineering problems.
This book is designed to provide the new Computer Aided Design and Optimization tools and skills to generate real design
synthesis of machine elements and systems on solid ground for better products and systems. This work provides the tool to
directly obtain the synthesized real optimization tools to define the geometry and the particular selection of material. This is a new
approach and a straightforward paradigm. It is divided into the following four parts: - Introduction and Design Considerations Knowledge-based design: Introduction to the new Machine Element Design Synthesis - Introduction to computer aided design and
optimization as tools used for Synthesis - Design of machine elements: rigorous traditional detailed design requirements These
parts will include overview of chapters and enlightening design requirements.
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Incorporating Chinese, European, and International standards and units of measurement, this book presents a classic
subject in an up-to-date manner with a strong emphasis on failure analysis and prevention-based machine element
design. It presents concepts, principles, data, analyses, procedures, and decision-making techniques necessary to
design safe, efficient, and workable machine elements. Design-centric and focused, the book will help students develop
the ability to conceptualize designs from written requirements and to translate these design concepts into models and
detailed manufacturing drawings. Presents a consistent approach to the design of different machine elements from failure
analysis through strength analysis and structural design, which facilitates students’ understanding, learning, and
integration of analysis with design Fundamental theoretical topics such as mechanics, friction, wear and lubrication, and
fluid mechanics are embedded in each chapter to illustrate design in practice Includes examples, exercises, review
questions, design and practice problems, and CAD examples in each self-contained chapter to enhance learning
Analysis and Design of Machine Elements is a design-centric textbook for advanced undergraduates majoring in
Mechanical Engineering. Advanced students and engineers specializing in product design, vehicle engineering, power
machinery, and engineering will also find it a useful reference and practical guide.
Shows how algorithms developed from the basic principles of tribology can be used in a range of practical applications in
mechanical devices and systems. Includes: bearings, gears, seals, clutches, brakes, tyres.
The term design means to plan for the construction of an object or the formulation of a plan for the satisfaction of need.
The term machine design deals with the design of machines, their mechanisms and elements. Design of Machine
Element (DME) may be defined as the selection of material and the dimensions for each geometrical parameter so that
the element satisfies its function and undesirable effects are kept within the allowable limit. Machine elements are basic
mechanical parts and features used as the building blocks of most machines. This book provides a systematic exposition
of the basic concepts and techniques involved in design of machine elements. This book covers design of important
mechanical elements such as shafts, couplings, springs and power screws under static load. The design of welded and
threaded joints and the members subjected to fluctuating loads is also included in this book. Our hope is that this book,
through its careful explanations of concepts, practical examples and figures bridges the gap between knowledge and
proper application of that knowledge.
MACHINE DESIGN WITH CAD AND OPTIMIZATION A guide to the new CAD and optimization tools and skills to
generate real design synthesis of machine elements and systems Machine Design with CAD and Optimization offers the
basic tools to design or synthesize machine elements and assembly of prospective elements in systems or products. It
contains the necessary knowledge base, computer aided design, and optimization tools to define appropriate geometry
and material selection of machine elements. A comprehensive text for each element includes: a chart, excel sheet, a
MATLAB® program, or an interactive program to calculate the element geometry to guide in the selection of the
appropriate material. The book contains an introduction to machine design and includes several design factors for
consideration. It also offers information on the traditional rigorous design of machine elements. In addition, the author
reviews the real design synthesis approach and offers material about stresses and material failure due to applied loading
during intended performance. This comprehensive resource also contains an introduction to computer aided design and
optimization. This important book: Provides the tools to perform a new direct design synthesis rather than design by a
process of repeated analysis Contains a guide to knowledge-based design using CAD tools, software, and optimum
component design for the new direct design synthesis of machine elements Allows for the initial suitable design synthesis
in a very short time Delivers information on the utility of CAD and Optimization Accompanied by an online companion site
including presentation files Written for students of engineering design, mechanical engineering, and automotive design.
Machine Design with CAD and Optimization contains the new CAD and Optimization tools and defines the skills needed
to generate real design synthesis of machine elements and systems on solid ground for better products and systems.
The 1st edition of book entitled "Design of Machine Elements" for IIIrd Year Diploma, Semester VI in Diploma in
Mechanical Engineering Group as per the syllabus prescribed by SBTE. We have observed the students facing extreme
difficulties in understanding the basic principles and fundamental concepts without adequate solved problems along with
the text. To meet this basic requirement of students, sincere efforts have been made to present the subject matter with
frequent use of figures and lots of numerical examples.
Taking a failure prevention perspective, this book provides engineers with a balance between analysis and design. The
new edition presents a more thorough treatment of stress analysis and fatigue. It integrates the use of computer tools to
provide a more current view of the field. Photos or images are included next to descriptions of the types and uses of
common materials. The book has been updated with the most comprehensive coverage of possible failure modes and
how to design with each in mind. Engineers will also benefit from the consistent approach to problem solving that will help
them apply the material on the job.
Mechanical Design of Machine Components, Second Edition strikes a balance between theory and application, and
prepares students for more advanced study or professional practice. It outlines the basic concepts in the design and
analysis of machine elements using traditional methods, based on the principles of mechanics of materials. The text
combines the theory needed to gain insight into mechanics with numerical methods in design. It presents real-world
engineering applications, and reveals the link between basic mechanics and the specific design of machine components
and machines. Divided into three parts, this revised text presents basic background topics, deals with failure prevention
in a variety of machine elements and covers applications in design of machine components as well as entire machines.
Optional sections treating special and advanced topics are also included. Key Features of the Second Edition:
Incorporates material that has been completely updated with new chapters, problems, practical examples and
illustrations Places a strong emphasis is on the fundamentals of mechanics of materials as they relate to the study of
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machine design Provides thorough coverage of machine components, including their applications in modern engineering,
and some discussion of entire machines Presents material selection charts and tables as an aid in specific applications
Contains selective chapters that include case studies of various components and machines, as well as some open-ended
problems Includes applied finite element analysis in design, offering an introduction to this useful tool for computeroriented examples Addresses the ABET design criteria in a systematic manner Covers optional MATLAB solutions tied to
the book and student learning resources on the CRC website Mechanical Design of Machine Components, Second
Edition helps you gain a grasp of the fundamentals of machine design and the ability to apply these fundamentals to new
engineering problems.
Machine Design is a text on the design of machine elements for the engineering undergraduates of mechanical/production/industrial
disciplines. The book provides a comprehensive survey of machine elements and their analytical design methods. Besides explaining the
fundamentals of the tools and techniques necessary to facilitate design calculations, the text includes extensive data on various aspects of
machine elements, manufacturing considerations and materials. The extensive pedagogical features make the text student friendly and
provide pointers for fast recapitulation.
From one of the authors of The Unwritten Laws of Engineering and The Unwritten Laws of Business, this concise and readable book is an
excellent primer or refresher for any professional interested in the basic principles and practices of good mechanical design. In this handy and
unique volume the author uses his own experience, along with input from other expert designers, to explicitly state design principles and
practices. Readers will not have to discover these principles on their own and will be able to apply these fundamental concepts throughout
their designs.
Appropriate for one or two term introductory Machine Design course in Mechanical Engineering Departments, or Mechanical Engineering
Technology. Classic, comprehensive survey of machine elements and analytical design methods. Gives the tools and techniques necessary
to facilitate design calculations for the most frequently encountered mechanical elements.
Provides undergraduates and praticing engineers with an understanding of the theory and applications behind the fundamental concepts of
machine elements. This text includes examples and homework problems designed to test student understanding and build their skills in
analysis and design.
Using the most up-to-date information, this book provides a practical approach to designing machine elements in the context of complete
mechanical design.Covering some of the primary machine elements such as belt drives, chain drives, gears, shafts, keys, couplings, seals,
and rolling contact bearings. It also covers plain surface bearings, linear motion elements, fasteners, springs, machine frames, bolted
connections, welded joints, electric motors, controls, clutches, and brakes.This book is for any individual design professional for which a
practical approach to mechanical design, based on sound engineering principles, is desired.
This hallmark text on Machine Design almost covers the entire syllabus of all Indian Universities and Polytechnics. Each chapter is written in
a simple, crisp and logical way, explaining the theoretical considerations in design of machine elements. The language is lucid and easy to
understand yet precisely scientific. It covers the topics in entirety meaning thereby that for a particular topic, all the facets associated with it
have been dealt in a very methodical and logical manner.
This textbook is designed to serve as a text for undergraduate students of mechanical engineering. It covers fundamental principles, design
methodologies and applications of machine elements. It helps students to learn to analyse and design basic machine elements in mechanical
systems. Beginning with the basic concepts, the book discusses wide range of topics in design of mechanical elements. The emphasis is on
the underlying concepts of design procedures. The inclusion of machine tool design makes the book very useful for the students of production
engineering. Students will learn to design different types of elements used in the machine design process such as fasteners, shafts,
couplings, etc. and will be able to design these elements for each application. Following a simple and easy to understand approach, the text
contains: • Variety of illustrated design problems in detail • Step by step design procedures of different machine elements • Large number of
machine design data Audience Undergraduate students of Mechanical Engineering.

Mechanical Design: Theory and Applications, Third Edition introduces the design and selection of common mechanical
engineering components and machine elements, hence providing the foundational "building blocks" engineers needs to practice
their art. In this book, readers will learn how to develop detailed mechanical design skills in the areas of bearings, shafts, gears,
seals, belt and chain drives, clutches and brakes, and springs and fasteners. Where standard components are available from
manufacturers, the steps necessary for their specification and selection are thoroughly developed. Descriptive and illustrative
information is used to introduce principles, individual components, and the detailed methods and calculations that are necessary to
specify and design or select a component. As well as thorough descriptions of methodologies, this book also provides a wealth of
valuable reference information on codes and regulations. Presents new material on key topics, including actuators for robotics,
alternative design methodologies, and practical engineering tolerancing Clearly explains best practice for design decision-making
Provides end-of-chapter case studies that tie theory and methods together Includes up-to-date references on all standards
relevant to mechanical design, including ASNI, ASME, BSI, AGMA, DIN and ISO
Now considered a classic in its field, this book provides a comprehensive survey of machine elements and analytical design
methods. (Midwest).
This thorough and comprehensive textbook on machine elements presents the concepts, procedures, data, tools, and techniques
students need to design safe, efficient and workable mechanical components of machines. Covering both the conventional design
methodology and the new tools such as CAD, optimization and FEM, design procedures for the most frequently encountered
mechanical elements have been explained in meticulous detail. The text features an abundance of thoroughly worked-out
examples, end-of-chapter questions and exercises, and multiple-choice questions, framed to not only enhance students' learning
but also hone their design skills. Well-written and eminently readable, the text is admirably suited to the needs of undergraduate
students in mechanical, production and industrial engineering disciplines.
New and Improved SI Edition—Uses SI Units Exclusively in the Text Adapting to the changing nature of the engineering profession,
this third edition of Fundamentals of Machine Elements aggressively delves into the fundamentals and design of machine
elements with an SI version. This latest edition includes a plethora of pedagogy, providing a greater understanding of theory and
design. Significantly Enhanced and Fully Illustrated The material has been organized to aid students of all levels in design
synthesis and analysis approaches, to provide guidance through design procedures for synthesis issues, and to expose readers to
a wide variety of machine elements. Each chapter contains a quote and photograph related to the chapter as well as case studies,
examples, design procedures, an abstract, list of symbols and subscripts, recommended readings, a summary of equations, and
end-of-chapter problems. What’s New in the Third Edition: Covers life cycle engineering Provides a description of the hardness
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and common hardness tests Offers an inclusion of flat groove stress concentration factors Adds the staircase method for
determining endurance limits and includes Haigh diagrams to show the effects of mean stress Discusses typical surface finishes in
machine elements and manufacturing processes used to produce them Presents a new treatment of spline, pin, and retaining ring
design, and a new section on the design of shaft couplings Reflects the latest International Standards Organization standards
Simplifies the geometry factors for bevel gears Includes a design synthesis approach for worm gears Expands the discussion of
fasteners and welds Discusses the importance of the heat affected zone for weld quality Describes the classes of welds and their
analysis methods Considers gas springs and wave springs Contains the latest standards and manufacturer’s recommendations
on belt design, chains, and wire ropes The text also expands the appendices to include a wide variety of material properties,
geometry factors for fracture analysis, and new summaries of beam deflection.
Analyze and Solve Real-World Machine Design Problems Using SI Units Mechanical Design of Machine Components, Second
Edition: SI Version strikes a balance between method and theory, and fills a void in the world of design. Relevant to mechanical
and related engineering curricula, the book is useful in college classes, and also serves as a reference for practicing engineers.
This book combines the needed engineering mechanics concepts, analysis of various machine elements, design procedures, and
the application of numerical and computational tools. It demonstrates the means by which loads are resisted in mechanical
components, solves all examples and problems within the book using SI units, and helps readers gain valuable insight into the
mechanics and design methods of machine components. The author presents structured, worked examples and problem sets that
showcase analysis and design techniques, includes case studies that present different aspects of the same design or analysis
problem, and links together a variety of topics in successive chapters. SI units are used exclusively in examples and problems,
while some selected tables also show U.S. customary (USCS) units. This book also presumes knowledge of the mechanics of
materials and material properties. New in the Second Edition: Presents a study of two entire real-life machines Includes Finite
Element Analysis coverage supported by examples and case studies Provides MATLAB solutions of many problem samples and
case studies included on the book’s website Offers access to additional information on selected topics that includes website
addresses and open-ended web-based problems Class-tested and divided into three sections, this comprehensive book first
focuses on the fundamentals and covers the basics of loading, stress, strain, materials, deflection, stiffness, and stability. This
includes basic concepts in design and analysis, as well as definitions related to properties of engineering materials. Also discussed
are detailed equilibrium and energy methods of analysis for determining stresses and deformations in variously loaded members.
The second section deals with fracture mechanics, failure criteria, fatigue phenomena, and surface damage of components. The
final section is dedicated to machine component design, briefly covering entire machines. The fundamentals are applied to specific
elements such as shafts, bearings, gears, belts, chains, clutches, brakes, and springs.
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