
CHAPTER 1

Introduction

In today’s rapidly growing industrial world where the requirement of reliability is increasing
day by day and where newer and advanced modern materials are being introduced on a large
scale, Non-Destructive Testing (NDT) techniques have a very important role to play. NDT
techniques are used for the evaluation of defects in various materials/components and for the
characterisation of material properties. Use of NDT techniques leads to better understanding
of material behaviour and this in turn leads to increased confidence in the material being
used. Higher confidence means lower factor of ignorance and the designer can thus afford to
opt for a lower value of the factor of safety without sacrificing the reliability. Lower value of
factor of safety results in decreased dimensions, leading to saving in weight and the material
as such. NDT techniques are also used for routine/periodic inspection of various industrial
processes/structures and lately new NDT techniques have been developed for continuous
monitoring  of critical industrial structures/processes. NDT techniques are practically used in
every engineering industry and widely used in more demanding industries such as aircraft
industry, space industry, nuclear establishments, power plants and chemical/fertiliser plants
etc.
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Non-Destructive testing may be defined as those testing methods in which the material under
test is not destroyed or to say that the future usefulness of the material under test is not
impaired. To explain it further, one may say that unlike mechanical testings (e.g., tensile
testing, flexural testing, torsional testing etc.) in which the material under test is made to fail
(fractured into two or more pieces) to evaluate the strength whereas in non-destructive testing,
the material under test is not destroyed at all and the material under test retains all its
original properties (i.e., after the test, the material or component under test can be used for
the purpose it was originally intended). To drive the point further home, suppose one wants to
evaluate the burst strength of a newly fabricated pressure vessel and if a destructive testing
method such as hydrostatic failure test is opted for, one would be able to evaluate the burst
strength but only after loosing the pressure vessel. On the contrary if a non-destructive
technique is chosen for inspecting the flaws in the pressure vessel to make sure that it would
withstand the calculated pressure or the designed pressure, one may be assured of the burst
strength without causing any harm to the pressure vessel, what-so-ever. New NDT techniques
can evaluate the burst strength directly too without searching for defects as such.
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Sometimes NDT techniques are also used for the characterisation of physical/mechanical
properties of various materials. For example, one may measure the Young’s modulus of elasticity
by measuring the ultrasonic velocity in materials; one may evaluate the ultimate tensile
strength, bond strength of an adhesively bonded joint or burst pressure of a pipe/pressure
vessel by measuring the stress wave factor; one may evaluate fibre volume fraction in carbon
fibre reinforced plastic composites by measuring the changes in the impedance of an eddy-
current probe; one may evaluate the grain size using ultrasonic attenuation measurement etc.
When NDT techniques are used for such applications, they are referred to as Non-Destructive
Evaluation (NDE) techniques. In fact NDE techniques cover all the mechanical characterisation
techniques as well as the NDT techniques which are used for defect location and evaluation.
Hence, NDE is a far wider term as compared to NDT. However, some people use the terms
NDE and NDT interchangeably and it has now become an accepted practice to use either NDT
or NDE to describe all the testing techniques in which the future usefulness of the material or
product is not impaired.

Besides these abbreviations, i.e., NDT and NDE, certain authors and inspection engineers
use yet another abbreviation, viz., NDI (Non-Destructive Inspection) to describe all NDT
techniques which are used to inspect the incoming raw materials/products and the techniques
which are used for routine/periodic inspection.
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Materials Scientists and Materials Engineers know that no material can be categorised as
absolutely perfect (i.e., having zero defect). One can only minimise the amount of defect or
may reduce the defect size by proper selection of manufacturing processes or by improving the
production processes. As one has to live with the defects, he/she should be able to locate and
assess the severity of the defects present in any material, component, product, system or plant
without impairing their future usefulness. To meet this requirement, various NDT techniques
are used.

Nowadays when everyone is going for higher reliability and stringent quality checks,
the NDT techniques have gained all the more importance. Whether one talks about quality
assurance or quality control or reliability, one has to understand the science and engineering
of various NDT techniques to form a firm base. Also, in view of the newer materials being
developed at a very rapid rate to meet the diverse requirements of modern engineering
industries (such as very high specific stiffness, high conductivity, low attenuation etc.), NDT
techniques have a far greater role to play. Most of the advanced composites and ceramic
materials and to a lesser extent, polymeric materials too have inherent defects and their non-
destructive testing becomes a must, to develop confidence in these newer advanced materials.
Using NDT techniques one may select relatively “defect-free” materials and better understand
the behaviour of newly developed materials. This better understanding reduces the so-called
“factor of ignorance” and thereby allows the designer to go for a lower “factor of safety” without
sacrificing reliability of the product. Lower values of factor of safety result in reduced cross-
sectional area, lighter components and material saving. Thus, there exists a strong relationship
between NDT and the design process.

NDT techniques are used at various stages in an engineering industry. Generally all
incoming materials/components are inspected nondestructively before their acceptance by the
stores. Components are also inspected during and after manufacturing and often during their
service life to ensure that the condition is suitable for the purpose. A raw material or component,
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which has been checked nondestructively before supplying the same, merits a premium, when
assured of its quality and reliability. It would be a better practice specially, if at the inquiry/
quotation/tender level itself, NDT requirements are clearly specified (i.e., non-acceptable defects
are clearly mentioned), alongwith other technical specifications.

NDT techniques assume greater significance in high reliability sectors such as nuclear,
space, aircraft, defence, automobile, chemical and fertilizer industries. NDT techniques are
also widely used for power equipments, heat exchangers, pressure vessels, heavy engineering
items etc. In fact, practically all large and medium scale engineering industry uses NDT
techniques in one form or the other.

Beside being used for defect evaluation and location, NDT techniques are used for
assessing the severity or otherwise of the defects too. Whereas certain defects may be totally
harmless in view of their small size or innocuous position (e.g., microvoids in a low-stressed
region of a composite), others may be quite harmful in view of their large size, type and position.
These harmful defects grow to dangerous proportions in service but the harmless defects, as
their name suggests, may be ignored. In addition to harmful and harmless categories, there is
a third category of defects too. They are classified as beneficial defects. These defects are not
severe and they are beneficially located. Certain beneficial defects arrest or impede the progress
of a propagating crack and certain other beneficial defects divert the path of crack progress by
providing an easier path but in a different direction which is relatively safer. Hence, the NDT
engineer should not reject a material/component merely because of the presence of a defect.
The NDT engineer should find out whether the defect is harmless or beneficial  and categorically
state the rejection criteria.

With the advent of modern advances in the field of electronics, computers and data
processing; greater use of electronic gadgets, computer interfaces and data processors are
being made to improve the existing NDT techniques. This has enabled development of
instruments and softwares which quickly detect the defects and identify their nature, shape,
size and criticality. Another current trend in the field of non-destructive inspection is to
continuously monitor high risk structures subjected to service loads (e.g., acoustic emission
monitoring of pressure vessels and storage tanks). This continuous monitoring results in higher
reliability of structures/components in service and permit prolonged service life of the structures/
components. In addition to this continuous in-service monitoring, NDT techniques are also
being used for on-line monitoring during manufacturing too. (e.g., on-line monitoring of welding
defects during welding operation using acoustic emission technique).

As mentioned in the previous section, NDT techniques are used for the evaluation of
material behaviour too. One may study in detail various stages leading to ductile failure of
different metals or different stages leading to failure of fibre reinforced plastic composites etc.
using various NDT techniques. One may use NDT techniques for predicting fatigue behaviour
of different materials, for evaluation of different mechanical properties (modulus of elasticity,
tensile strength, burst-strength etc.), for evaluation of in-service embrittlement, for evaluation
of grain size in various alloys, to quantify composition of alloys, to differentiate between different
metals and alloys (i.e., identification of metals and alloys), for measurement of fibre volume
fraction in fibre reinforced plastic composites etc.

Yet another emerging usage of NDT techniques is in the field of engineering
‘‘postmortem’’, i.e., for analyzing the test data after a simulated failure or after the proof
loading. Fractured surfaces are also studied for probing the reasons for failure. Material
composition at the fracture site, texture of fractured surfaces, fibre pull-outs, presence of defects
(cracks, voids, inclusions etc.) on the fracture surfaces, all help in proper investigation of the
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cause of failure. This engineering postmortem is done with the help of various microscopic
techniques (including scanning electron microscopy) and NDT techniques. The results of such
investigations help the designers and/or production engineers to improve the design and/or
production/fabrication processes involved.

Application of NDT techniques are many and new applications are being reported
frequently. The field of non-destructive testing has been growing steadily in the past and has
resulted in increased safety and cost savings. The future of NDT techniques is even brighter
especially for the characterisation of newer materials such as smart materials, nano-materials
and advanced ceramics.
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There are a number of NDT techniques which exist today in various industries/organizations.
Some of these NDT techniques are for certain specific applications to suit the requirement of
a particular industry, whereas other NDT techniques are more broad based and may be used
for varied applications. The common NDT techniques are as listed below:

1. Liquid penetrant inspection
2. Magnetic particle flaw detection
3. Radiography (X-ray, Gamma ray and Neutron)
4. Ultrasonic testing
5. Eddy-current testing
6. Acoustic emission and acousto-ultrasonic testing
These NDT techniques and certain other miscellaneous NDT techniques have been

described in the Chapters to follow. Besides these general purpose or conventional NDT
techniques, there are certain other NDT techniques used by industry for certain specific
applications. These are Corona discharge, microwave, dielectric methods, microradiography,
chemical and Mössbauer spectroscopy, vibration techniques, acoustography, eddy-sonic
technique, computer tomography, X-ray diffraction, neutron diffraction, magnetic rubber,
optical and laser techniques; gas, air and helium leak detection techniques; radiography with
high density fillers, holographic interferometry, etc.
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The advantages of using NDT techniques are many. These benefits have been and are being
more fully recognized by the engineering industries as a means of meeting the consumer
demands for better quality products, reduced cost and increased production. Quality of products
improve because by using suitable NDT techniques, one is able to identify unacceptable material
for production in the very beginning and one is able to inspect the product for manufacturing
defects etc. after completion or during the production process itself. Hence, use of non-destructive
testing techniques, completely eliminates the chances of a faulty or sub-standard product
reaching the consumer. This in turn leads to customer satisfaction and higher reliability of
the product.

Use of NDT techniques results in increased productivity and higher profit. Inspection
at different stages prevents wastage of material by way of less scrap and it also minimises the
loss of manpower by way of less rework. By following the above factors, higher productivity
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and higher profits are achieved. Defect-free components lead to highly reduced service cost
too.

NDT techniques help design engineers in locating regions of high mechanical stresses
and potential sites for fatigue cracks etc. This provides necessary guidelines to design engineers
for improving the design accordingly. NDT techniques help the production engineers too because
by monitoring various production processes using suitable NDT techniques, they can pinpoint
trouble spots and accordingly bring in desired improvements. NDT engineers can also ascertain
the type of defect, its size, its orientation etc. and decide whether or not the defect is harmful.
If it is not harmful, the material/product need not be rejected. Moreover, by locating a defect,
only that portion of the material needs to be removed. Hence, by using NDT techniques some
defective materials may become usable and thus salvage of material becomes possible.

By monitoring production processes and by regular inspection, one may prevent
malfunctioning of key equipments/processes and probably one may completely eliminate the
breakdown of various equipments/processes.

Efforts are currently being made by various industrial houses and research organisations
to develop on-line monitoring NDT techniques i.e., NDT techniques which can inspect the
components/products etc. during manufacturing/service. On-line monitoring of machines,
engines, turbines, railways etc. would avoid shut-downs for routine inspection and thus
overhauls would become less frequent. In short, on-line monitoring would result in very
significant savings in cost and time, increased productivity and zero risk of catastrophic failures.
Latest NDT techniques such as Acoustic Emission Testing and Acousto-Ultrasonic Testing
hold great promise for development of suitable on-line continuous monitoring for various
structures, components, systems etc.

As the use of NDT techniques leads to much higher safety standards (i.e., prevention of
accidents, prevention of loss of life and prevention of loss of property), their importance cannot
be denied by any logic. Use of NDT techniques for regular inspection and continuous monitoring
of various processes/structures is required by various safety ordinances. Certain old ordinances/
by-laws need updating to introduce new NDT techniques for better safety of various industrial
processes/structures.

NDT techniques also help in material sorting, for evaluation of chemical composition,
for measuring differences in physical and metallurgical properties, for ascertaining proper
heat treatment and for studying the mechanical behaviour of various materials. This helps
different engineering industries in different ways. NDT techniques also help in the
determination of residual strength and remainder life.
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NDT techniques in general detect any inhomogeneity present in the material under inspection.
If these inhomogeneities are harmful they are categorised as flaws or defects. There are various
types of flaws encountered by the NDT engineers during inspection of incoming raw materials
and/or finished products. These flaws can be broadly categorised into three different groups
viz. inherent flaws, processing flaws and service flaws. The first category of flaws, viz., inherent
flaws are those which are present in the incoming raw material. These flaws are introduced
during the initial production of raw material. Some of inherent flaws are porosities, blow-
holes, voids, delaminations, seams, flakes, shrinkage or thermal cracks, segregation, rolling
and plating defects, inclusions, surface-cracks etc. In the field of fibre reinforced plastic



6 NON-DESTRUCTIVE TESTING TECHNIQUES

composites, inherent flaws are voids, shrinkage cracks due to thermal anisotropy of different
‘pre-preg’ layers (e.g., in case of carbon fibre reinforced plastics), fibre-wash or fibre-kinks,
resin rich areas, delaminations, inclusions such as silicon particles from silicon mould release
agent, etc.

The second category of flaws viz., processing flaws occur during the processing,
manufacture or assembly of components. For example, if welding technique is used for either
manufacture or for assembly and one is not very careful about its correct usage, it may introduce
flaws such as slag, gas-holes, heat-affected zones, cracks due to bad geometry, residual stresses
and distortion etc. Similarly, if it is an adhesively bonded assembly, lack of bond may be
introduced leading to imperfection of the final product. Machining marks or grinding defects
may be introduced during machining and grinding of components. These machining defects
are generally surface defects and lead to fatigue failure of the component during the service
life of the component. Improper machining may lead to corners which act as stress-concentrators
and which are potential crack nucleation sites. Heat treatment processes also sometime give
rise to thermal defects, embrittlement, decarburization etc.

The third category of flaws, i.e., service flaws are introduced during the service life of
the material or component or structure. Fatigue, corrosion, stress corrosion, wear,
embrittlement, corrosion fatigue etc. are examples of service flaws. Out of these flaws, corrosion
is the most obvious but majority of structural failures during service are caused by fatigue.

Nature of flaws described above is on the basis of stage at which they are introduced.
However, if one classifies the flaws, depending upon the position, they can be categorised into
three types viz., surface flaws, sub-surface flaws and internal flaws. As their names suggest,
surface flaws are open to surface and internal flaws are present within the volume of material.
Sub-surface flaws are very near to surface of material/component but they are not open to
surface. Surface cracks, pits, tool marks, grinding cracks, fatigue cracks etc. are all surface
flaws whereas blow-holes, porosities, voids, inclusions, delaminations etc. are internal cracks.
Fatigue cracks generally originate from the surface and have therefore been listed along with
other surface cracks. However, if gross-defects are present within the volume of the material,
fatigue cracks may initiate at these internal features also and may propagate within the bulk
of the material. In such cases, it becomes internal flaw. In fibre reinforced plastic composites
too, they mostly originate from surface or from surface flaws. However, in case of gross defects
(voids, delaminations, resin rich areas or thermal cracks) being present, fatigue cracks originate
from these defects and are treated as internal flaws.
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The following steps are usually involved in any non-destructive testing schedule:
1. Preparation of test surface
2. Application of testing medium/signal
3. Modification of testing medium/signal
4. Conversion of the modulated or changed medium/signal into a convenient form
5. Interpretation of results obtained
6. Verification of test results.
In first step, any material/product under test is properly cleaned for inspection in most

cases. However, in certain cases, one may be required to clean only a small portion of test
surface to enable a NDT probe/transducer to be placed over it. If test surface is not cleaned
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properly, it may give rise to spurious indications causing confusion. In fact, it would be a great
help to NDT engineers if design engineers make a provision for a good surface finish in a local
area at the design stage itself and thus making the proper inspection possible and would
increase its effectiveness. In the Chapters to follow, various cleaning methods have been
described. One may use wire brush, cloth and cleaning fluid for smaller components and may
be required to go for shot blasting etc. for bigger components. Generally speaking, rust, dust,
grease, paint etc. should not be present on the surface of the object to be inspected.

The second step involves application of testing medium or testing signal. For example,
in radiography, X-rays are the testing medium; in visual testing, visible light is the testing
medium; in magnetic particle inspection technique, magnetic field is the testing medium; and
in acousto-ultrasonic technique, incident ultrasonic signal is the testing signal. So depending
upon the technique being selected, testing medium changes and one can go on citing several
examples of testing medium.

Once the testing medium/signal is applied, specimen under test modifies the testing
medium or one may say that the applied signal gets modulated depending upon the quality of
specimen. This step is the third step involved in any NDT test. For example, in radiography,
any defect in the material under test modifies intensity of radiation reaching the X-ray film on
opposite side of test material; in optical method, intensity of transmitted light is modified by
any flaw or by any marking on a transparent sample; in magnetic particle inspection, magnetic
field gets distorted at flaws and produces a leakage flux; and in acousto-ultrasonic testing, the
ultrasonic pulse is modulated or dampened by the presence of any flaw. These examples
illustrate the step: “modification of testing medium/signal”.

The next step involves conversion of modulated signal or changed medium into a
convenient form to facilitate the interpretation of test results. For this step, a suitable detector
is employed, which detects changes or modifications in test medium/signal. For example, in
X-radiography, X-ray film acts as a detector; in optical method, eye or a photometer acts as
detector, in magnetic particle inspection technique, the magnetic particles act as detector and
form suitable pattern for easy detection, and in acousto-ultrasonic technique, an acoustic
emission sensor is used as detector for modulated ultrasonic signal.

The fifth and mostly the last step involved in any non-destructive testing schedule is
interpretation of test results. This is most important step and this is the step where skill and
experience is mostly needed. In NDT tests, it is relatively easier to obtain test signal but it is
not so easy to correctly interpret the test results. For example, in X-radiography, by looking at
variations in darkness on the radiograph, NDT engineer has to tell, whether or not, flaws are
present and what type of flaws are present. In optical method, if visual testing is involved, the
opthomological nervous system converts the intensity variations observed by the eye into
suitable impulses and the brain subsequently does the proper interpretation. If a photometer
is used instead, the digital read-out of a DVM connected to the photometer provides necessary
information and a trained NDT engineer properly interprets it. Similarly, in magnetic particle
inspection technique, the magnetic particles adhere to the test object. Proper interpretation
involves whether it is due to presence of a crack (surface or sub-surface) or is it simply because
there is a change in the cross-section or could be that the particles are adhering to edges only.
Wrong interpretation may lead to rejection of sound material resulting in material wastage
and loss. Thus, a NDT engineer who interprets the results determines the success or failure of
a NDT test.

As far as verification of test results are concerned, it is done with the help of some
destructive methods and sometimes needed for convincing the supplier or the fabricator to
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show that the test results have been correctly interpreted. Verification of test results is also
required when new NDT techniques are developed. Even during routine and conventional
NDT tests, periodic destructive tests should be applied to make sure that the tests and
associated instruments are operating properly. The resolution of any technique and its
sensitivity is also thus gets checked.

When new NDT techniques are developed, destructive tests are used for calibration
purposes too. For example, as has been described in Chapters to follow, burn-off technique or
quantitative microscopic technique can be used to destructively evaluate the fibre volume
fraction in carbon fibre reinforced plastic composites and when correlated with the meter
reading of the eddy-current system, one gets the calibration curve. Similarly, one has to go for
destructive micrographic study to evaluate defect percentage in FRP samples to correlate the
same with ultrasonic attenuation of fibre composites. There are many other examples for
which, destructive tests are used for evaluating certain parameters to obtain calibration curves.
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As was mentioned earlier in this Chapter, NDT techniques are used not only for flaw detection
but are also used for number of varied applications. The most common usage of NDT technique
for applications other than flaw detection is in the field of thickness measurement. Pulse-echo
method of ultrasonic testing can easily be used for accurate measurement of thickness.
Commercially available ultrasonic thickness gauges provide quick and accurate thickness
readings. Thickness gauging can also be done by adopting radiation absorption measurements.
Beta-rays and Gamma-rays can be used as radiation sources and based on this Beta-ray and
Gamma-ray; thickness gauges have been developed. Besides these, alpha and beta backscatter
gauges also exist for thickness measurement. Thickness gauge based on eddy-current principle
also exists.

Besides thickness measurement, NDT techniques are also used for applications such as
identification/classification of materials, evaluation of chemical composition, evaluating the
surface characteristics and surface finish, locating the areas of stress concentration and
critically loaded areas, for evaluating physical and mechanical properties, for evaluating bond
strength, for checking in-service embrittlement, for studying material and fracture behaviour,
for use as an incipient failure detection system (IFDS) and for measuring residual stress etc.

For identification/classification of materials, one may site following NDT techniques:
spark test, spot test, sulphur printing, eddy-current testing, ultrasonic testing etc. For cross-
plied carbon fibre reinforced plastic composites, eddy-current method can be employed for
identification of lay-up order.

For evaluation of chemical composition, one may go for spectrochemical analysis and
for surface characteristics study, one may use nuclear scattering techniques. Using techniques
of photoelasticity and Moire method, one can find the areas of stress concentration and critically
loaded areas. Brittle lacquer can also be used for such applications. In fact, by selecting a
brittle lacquer of proper threshold strain value, one can get information about the impending
failure because if threshold strain of the lacquer is lower than failure strain of the component/
structure, lacquer will fail earlier than the component/structure and would thus provide a
warning about the impending failure. Even acoustic emission system provides proper warning
about the impending failure and the technique can be used as an incipient failure detection
system.
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For evaluating physical and mechanical properties, many NDT techniques are used.
For example, ultrasonic technique can be used for evaluating grain size, modulus of elasticity,
optimum dwell time for reinforced plastic mouldings, residual stresses, etc. Eddy-current testing
technique can be used for evaluation of fibre volume fraction in carbon fibre reinforced plastic
composites, acousto-ultrasonic techniques can be used for evaluation of ultimate tensile
strength, fatigue strength, burst pressure of pipes and vessels, bond strength of adhesively
bonded structures etc.

Acoustic emission technique can be used for checking in-service embrittlement and for
studying deformation of materials and fracture behaviour of different materials. Details of
these applications have been provided in the concerned chapters.
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From the preceding sections it is quite obvious that the main purpose of non-destructive testing
is to determine the suitability of a particular part or a system, to satisfactorily perform its
intended function. With this purpose, the field of non-destructive testing can be a significant
contributor to increased efficiency and utilization of machines and materials as well as a key
item in assuring safe performance. Structural failures in big passenger airliners, offshore oil
platforms, nuclear reactors, chemical and fertilizer plants etc. remind us of the cost in resources
and human life resulting from material fracture. Effective NDT coupled with fracture mechanics
analysis, can be used to avoid such catastrophic failures. The present emphasis on quality,
reliability and life extension of plants and machinery requires full utilization of various NDT
techniques.

Besides being used for high technology products such as nuclear reactors, supersonic
aircrafts, spacecrafts, rockets and missiles etc., NDT techniques are finding application in the
field of inspection of more consumer-oriented products and in the field of Biomedical Engineering
too, e.g., inspection of pacemakers, parts of surgical implants, bone plates, external fixators,
spinal rectangles etc.


