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Failure Analysis of Polymers A Practical Approach Imagine a world without plastics No
flexible packaging no durable car parts no lifesaving medical devices The ubiquitous nature
of polymers in modern life often overshadows the intricate science behind their creation
and crucially their potential for failure Understanding the why behind polymer failure is not
just academic its vital for ensuring safety optimizing performance and driving innovation
This article offers a practical approach to compositional and failure analysis of polymers
guiding you through the process with realworld examples and insightful explanations The
Detective Story of Polymer Failure Analyzing a failed polymer component is like solving a
detective mystery We start with the crime scene the broken part itself Its appearance tells a
story a brittle fracture might suggest a problem with the materials inherent strength while a
ductile failure could point to excessive stress or environmental degradation Just like a
detective gathers clues we use a variety of analytical techniques to piece together the
sequence of events leading to the failure Compositional Analysis Unmasking the
Ingredients Before we can understand why a polymer failed we need to know what its made
of Compositional analysis reveals the polymers basic building blocks its type molecular
weight and the presence of additives This is akin to identifying the suspects in our detective
story Several powerful techniques help us accomplish this Infrared Spectroscopy IR Think
of IR as a fingerprint scanner for polymers It identifies functional groups specific molecular
structures within the polymer providing a unique signature for each material For example
we can distinguish between polyethylene used in plastic bags and polypropylene used in
many containers based on subtle differences in their IR spectra 2 Nuclear Magnetic
Resonance NMR NMR offers a more detailed view providing information about the polymers
chain structure and the arrangement of atoms Its like getting a detailed mugshot of our
suspect revealing even subtle variations in their features Differential Scanning Calorimetry
DSC DSC measures the heat flow associated with phase transitions such as melting and
crystallization Its like observing the suspects behavior under different conditions how they
respond to heat can reveal crucial information about their properties Thermogravimetric
Analysis TGA TGA measures the weight loss of a material as a function of temperature
identifying the presence of volatile components such as additives or fillers This is like
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discovering hidden clues about the suspects past actions or affiliations Failure Analysis
Reconstructing the Events Once we understand the polymers composition we move to the
failure analysis seeking to understand the cause of the breakdown This stage is where we
piece together the timeline of events much like reconstructing a crime scene Techniques
employed here include Microscopy Optical SEM TEM Microscopy allows us to visualize the
fracture surface at different magnifications A brittle fracture might show a clean sharp
surface while a ductile failure reveals signs of stretching and deformation This is like
examining the crime scene for physical evidence observing the details of the break
Mechanical Testing Tensile testing impact testing and fatigue testing help us determine the
mechanical properties of the polymer and assess whether it met the required specifications
This is similar to analyzing forensic evidence like ballistic reports or blood spatter patterns
Chemical Analysis This can help identify environmental factors contributing to the failure
such as chemical attack or degradation We might find traces of chemicals that reacted with
the polymer providing the motive for the crime A RealWorld Example The Case of the
Cracked Pipe Imagine a plastic pipe used in a chemical plant cracking unexpectedly
Compositional analysis reveals that its made of polyvinyl chloride PVC but it also contains a
high concentration of a plasticizer that has degraded over time Microscopy shows brittle
cracks originating from the pipes inner surface consistent with chemical stress corrosion
This combination of evidence points towards the degradation of the plasticizer due to
contact with the chemical in the pipe leading to the pipes eventual failure 3 Actionable
Takeaways Understanding polymer properties is crucial Choosing the right material for the
intended application is paramount to avoid failures Proper quality control is essential
Regular testing of raw materials and finished products is key to prevent defects
Environmental factors matter Consider potential exposure to chemicals temperature
fluctuations and UV radiation Failure analysis can be costeffective Identifying the root cause
of failure prevents future incidents and saves money Continuous learning is vital Staying
abreast of advances in polymer science and analytical techniques is crucial FAQs 1 What is
the difference between qualitative and quantitative analysis Qualitative analysis identifies
the components present while quantitative analysis determines their amounts 2 Can failure
analysis be applied to all polymers Yes but the specific techniques used might vary
depending on the polymer type and the nature of the failure 3 How much does polymer
failure analysis cost The cost varies greatly depending on the complexity of the analysis and
the number of tests required 4 What are the limitations of failure analysis Its not always
possible to pinpoint the exact cause of failure especially in complex cases involving
multiple contributing factors 5 Where can I find experts in polymer failure analysis Many
universities research institutions and commercial laboratories offer these services
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Understanding the compositional and failure analysis of polymers is more than just
scientific inquiry its a critical skillset for ensuring safety optimizing performance and driving
innovation across diverse industries By approaching these investigations like a meticulous
detective we can unravel the mysteries behind polymer failures leading to the design of
stronger more reliable and longerlasting products for a better tomorrow
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failure analysis in engineering applications deals with equipment and machine design
together with examples of failures and countermeasures to avoid such failures this book
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analyzes failures in facilities or structures and the ways to prevent them from happening in
the future the author describes conventional terms associated with failure or states of
failure including the strength of materials as well as the procedure in failure analysis
materials used design stress service conditions simulation examination of results the author
also describes the mechanism of fatigue failure and prediction methods to estimate the
remaining life of affected structures the author cites some precautions to be followed in
actual failure analysis such as detailed observation on the fracture site removal of surface
deposits for example rusts without altering the fracture size or shape the book gives
examples of analysis of failure involving a crane head sheave hanger wire rope transmission
shaft environmental failure of fastening screws and failures in rail joints this book is
intended for civil and industrial engineers for technical designers or engineers involved in
the maintenance of equipment machineries and structures

this book failure analysis covers a broadest sense failure to a narrowest sense one one
purpose of this book is to provide the reader with an overall picture of various failures and
how to deal with them another purpose is to present the latest scientific advancements in
this field for instance an innovative concept of true stresses is introduced and is shown to
be necessary in dealing with a composite failure micromechanically

handbook of materials failure analysis with case studies from the electronics industries
examines the reasons materials fail in certain situations including material defects and
mechanical failure as a result of various causes the book begins with a general overview of
materials failure analysis and its importance it then proceeds to discussions on the types of
failure analysis specific tools and techniques and an analysis of materials failure from
various causes as failure can occur for several reasons including materials defects related
failure materials design related failure or corrosion related failures the topics covered in
this comprehensive source are an important tool for practitioners provides the most up to
date and balanced coverage of failure analysis combining foundational knowledge and
current research on the latest developments and innovations in the field offers an ideal
accompaniment for those interested in materials forensic investigation failure of materials
static failure analysis dynamic failure analysis and fatigue life prediction presents
compelling new case studies from key industries to demonstrate concepts

this book fills the gap between failure analysis theory and the actual conducts of the failure
cases the book demonstrates the main methodologies that have evolved over time and
includes examples from the 1970s to date engineering calculations and estimation of
system stresses and strengths are given in the relevant chapters it presents a wide range of
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cases studies ranging from mechanical engineering metallurgy mining civil structural
engineering electrical power systems and radiation damage

the selection and application of engineered materials is an integrated process that requires
an understanding of the interaction between materials properties manufacturing
characteristics design considerations and the total life cycle of the product this reference
book on engineering plastics provides practical and comprehensive coverage on how the
performance of plastics is characterized during design property testing and failure analysis
the fundamental structure and properties of plastics are reviewed for general reference and
detailed articles describe the important design factors properties and failure mechanisms of
plastics the effects of composition processing and structure are detailed in articles on the
physical chemical thermal and mechanical properties other articles cover failure
mechanisms such as crazing and fracture impact loading fatigue failure wear failures
moisture related failure organic chemical related failure photolytic degradation and
microbial degradation characterization of plastics in failure analysis is described with
additional articles on analysis of structure surface analysis and fractography

the first book of failure analysis case studies selected from volumes 1 2 and 3 of the journal
engineering failure analysis was published by elsevier science in september 1998 the book
has proved to be a sought after and widely used source of reference material to help people
avoid or analyse engineering failures design and manufacture for greater safety and
economy and assess operating maintenance and fitness for purpose procedures in the last
three years engineering failure analysis has continued to build on its early success as an
essential medium for the publication of failure analysis cases studies and papers on the
structure properties and behaviour of engineering materials as applied to real problems in
structures components and design failure analysis case studies ii comprises 40 case
studies describing the analysis of real engineering failures which have been selected from
volumes 4 5 and 6 of engineering failure analysis the case studies have been arranged in
sections according to the specific type of failure mechanism involved the failure
mechanisms covered are overload creep brittle fracture fatigue environmental attack
environmentally assisted cracking and bearing failures the book constitutes a reference set
of real failure investigations which should be useful to professionals and students in most
branches of engineering

this book covers recent advancement methods used in analysing the root cause of
engineering failures and the proactive suggestion for future failure prevention the
techniques used especially non destructive testing such x ray are well described the failure
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analysis covers materials for metal and composites for various applications in mechanical
civil and electrical applications the modes of failures that are well explained include
fracture fatigue corrosion and high temperature failure mechanisms the administrative part
of failures is also presented in the chapter of failure rate analysis the book will bring you on
a tour on how to apply mechanical electrical and civil engineering fundamental concepts
and to understand the prediction of root cause of failures the topics explained
comprehensively the reliable test that one should perform in order to investigate the cause
of machines component or material failures at the macroscopic and microscopic level i
hope the material is not too theoretical and you find the case study the analysis will assist
you in tackling your own failure investigation case

solve the machinery failure problems costing you time and money with this classic
comprehensive guide to analysis and troubleshooting provides detailed complete and
accurate information on anticipating risk of component failure and avoiding equipment
downtime includes numerous photographs of failed parts to ensure you are familiar with the
visual evidence you need to recognize covers proven approaches to failure definition and
offers failure identification and analysis methods that can be applied to virtually all problem
situations demonstrates with examples how the progress and results of failure analysis and
troubleshooting efforts can be documented and monitored failures of machinery in a plant
setting can have wide ranging consequences and in order to stay competitive corporations
across all industries must optimize the efficiency and reliability of their machinery
machinery failure analysis and troubleshooting is a trusted established reference in the field
authored by two well known authorities on failure and reliability structured to teach failure
identification and analysis methods that can be applied to almost all problem situations this
eagerly awaited update takes in the wealth of technological advances and changes in
approach seen since the last edition published more than a decade ago covering both the
engineering detail and management theory machinery failure analysis and troubleshooting
provides a robust go to reference and training resource for all engineers and managers
working in manufacturing and process plants provides detailed complete and accurate
information on anticipating risk of component failure and avoiding equipment downtime
presents documented failure case studies and analyzes the procedures employed to define
events that led to component or systems failure includes numerous photographs of failed
parts to ensure readers are familiar with the visual evidence they need to recognize

metallurgical failure analysis techniques and case studies explores how components fail
and what measures should be taken to avoid future failures the book introduces the subject
of failure analysis covers the fundamentals and methodology of failure analysis including
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fracture and fractography of metals and alloys and the tools and techniques used in a
failure investigation examines 37 case studies on high performance engineering
components features experimental results comprised of visual fractographic or
metallographic examination hardness measurements and chemical analysis includes
illustrations and evidence obtained through test results to enhance understanding and
suggests suitable remedial measures when possible the various case studies are classified
according to the major causes of failures the case studies pertain to improper material
selection manufacturing defects casting defects overload fatigue corrosion induced failures
hydrogen embrittlement and stress corrosion cracking wear and elevated temperature
failures the book contains information gathered over three decades of the author s
experience handling a variety of failure cases and will go a long way toward inspiring
practicing failure analysts the book is designed for scientists metallurgists engineers quality
control inspectors professors and students alike explores the fundamentals and
methodology of failure analysis examines the major causes of component failures teaches a
systematic approach to investigation to determine the cause of a failure features 37 case
studies on high performance engineering components

the army materials and mechanics research center of water town massachusetts in
cooperation with the materials science group of the department of chemical engineering
and materials science of syracuse university has conducted the sagamore army materials
research conference since 1954 the main purpose of these conferences has been to gather
together over 150 scientists and engineers from academic institutions industry and
government who are uniquely qualified to explore in depth a subject of importance to the
department of defense the army and the scientific community this volume risk and failure
analysis for improved performance and reliability addresses the areas of techniques of
failure analysis risk and failure analysis for design against fracture risk and failure analysis
for design against fatigue elevated temperature effects environmental effects systems
approach to production reliability integration and outlook emerging needs and techniques
we wish to acknowledge the dedicated assistance of joseph m bernier of the army materials
and mechanics research center and helen brown demascio of syracuse university
throughout the stages of the conference planning and finally the publication of this book is
deeply appreciated

failure analysis is the preferred method to investigate product or process reliability and to
ensure optimum performance of electrical components and systems the physics of failure
approach is the only internationally accepted solution for continuously improving the
reliability of materials devices and processes the models have been developed from the
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physical and chemical phenomena that are responsible for degradation or failure of
electronic components and materials and now replace popular distribution models for
failure mechanisms such as weibull or lognormal reliability engineers need practical
orientation around the complex procedures involved in failure analysis this guide acts as a
tool for all advanced techniques their benefits and vital aspects of their use in a reliability
programme using twelve complex case studies the authors explain why failure analysis
should be used with electronic components when implementation is appropriate and
methods for its successful use inside you will find detailed coverage on a synergistic
approach to failure modes and mechanisms along with reliability physics and the failure
analysis of materials emphasizing the vital importance of cooperation between a product
development team involved the reasons why failure analysis is an important tool for
improving yield and reliability by corrective actions the design stage highlighting the
concurrent engineering approach and dfr design for reliability failure analysis during
fabrication covering reliability monitoring process monitors and package reliability reliability
resting after fabrication including reliability assessment at this stage and corrective actions
a large variety of methods such as electrical methods thermal methods optical methods
electron microscopy mechanical methods x ray methods spectroscopic acoustical and laser
methods new challenges in reliability testing such as its use in microsystems and
nanostructures this practical yet comprehensive reference is useful for manufacturers and
engineers involved in the design fabrication and testing of electronic components devices
ics and electronic systems as well as for users of components in complex systems wanting
to discover the roots of the reliability flaws for their products

in the field of maintenance good problem solving practices are among the most important
elements to maximizing equipment uptime and by resolving the root cause of the failure in
increasing equipment reliability to be successful an organization must be able to resolve
the effects of a failure quickly so that it can go back to normal and in some cases determine
the cause of the failure so that a permanent solution can be identified and implemented
these are two distinct requirements troubleshooting and root cause failure analysis with
distinctive requirements both are important and one cannot exist without the other if we
want to be efficient and effective in resolving asset failures this work takes a unique
approach to equipment failure related problem solving by presenting both types of failure
resolution techniques the purpose of each and describing how best to use them in
presenting root cause failure analysis the book distinguishes between information gathering
and failure analysis it provides five information gathering methods and three root cause
analysis methods from the 5 whys to logic tree analysis to single functional failure rcm it
follows a structured approach to managing the rcfa from stabilizing the site and gathering
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information to implementing and sustaining the results to leveraging the solution this book
provides practical methods and tools needed to achieve problem solving goals and
objectives both when troubleshooting a problem as well as when determining a permanent
solution all of this information is kept to a concise and extremely readable length and
format the market needs a practical troubleshooting and rcfa guide that is not software
specific and that provides a clear structured approach to both this work is that rare find
features explores problem solving as a science focuses on how to help an organization be
successful both at quickly getting the plant back in operation and defining permanent
solutions the only book to detail troubleshooting and rcfa under the same cover

this book addresses the failures of structural elements i e those components whose primary
mission is to withstand mechanical loads the book is intended as a self contained source for
those with different technical grades engineers and scientists but also technicians in the
field can benefit from its reading

includes bibliographical references and index

handbook of materials failure analysis with case studies from the oil and gas industry
provides an updated understanding on why materials fail in specific situations a vital
element in developing and engineering new alternatives this handbook covers analysis of
materials failure in the oil and gas industry where a single failed pipe can result in
devastating consequences for people wildlife the environment and the economy of a region
the book combines introductory sections on failure analysis with numerous real world case
studies of pipelines and other types of materials failure in the oil and gas industry including
joint failure leakage in crude oil storage tanks failure of glass fibre reinforced epoxy pipes
and failure of stainless steel components in offshore platforms amongst others introduces
readers to modern analytical techniques in materials failure analysis combines foundational
knowledge with current research on the latest developments and innovations in the field
includes numerous compelling case studies of materials failure in oil and gas pipelines and
drilling platforms

suitable for engineers this work presents a tool for expert investigation and analysis of
component failures it is designed to be used introduction to principals and practices it
includes 500 illustrations pinpoints fracture type with comparative fractographs and can be
used as expert examples in reports

fmea failure mode and effects analysis is a method for gathering information about
potential points of failure in a design manufacturing process product or service failure mode
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fm refers to the manner in which something may fail it includes potential errors that could
occur particularly errors that could have an impact on the customer deciphering the
consequences of those breakdowns is part of effective analysis ea this is accomplished by
ensuring that all failures can be detected determining how frequently a failure may occur
and determining which potential failures should be prioritized fmea templates are
commonly used by business analysts to aid in the completion of analyses fmea is a risk
assessment tool with a 1 10 scoring scale a one indicates low risk while a ten indicates
extremely high risk fmea is an effective method for development and manufacturing
organizations to reduce potential failures throughout the product lifecycle six sigma s
project team use fmea in the analyze stage of dmaic because extraordinary quality is not
only designed into the product it is designed into the development process itself this book
includes various real case studies and offers a step by step training for constructing fmea
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