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2.1. Destructive Testing of Welded Joints

Destructive tests are known as such, as opposed to non-destructive tests, in which the sample or element
to be inspected is not damaged after the test has been carried out. In this type of test, the sample or
element is damaged, altered or unusable for further use. Therefore, it is not possible to test 100% of a
manufacturing batch by means of this type of test. However, it is often necessary to "sacrifice" some parts
or samples of a batch, since, through this type of test, we obtain information or characteristics of the
parts that we can only obtain through them.

The behaviour of metallic materials can vary widely depending on their chemical composition, heat
treatment, working and surface conditions, presence of discontinuities, etc.

The analysis of the mechanical properties of materials, welds and welded joints is carried out by means
of tests that allow us to check that they have the appropriate characteristics for use in parts and
components. The tests also allow precise comparisons to be made with data obtained from similar tests
on other materials, enabling the most suitable material to be selected for each application. Regardless of
the test that needs to be carried out, it is of the utmost importance that it is performed under pre-
established conditions and that these are recorded together with the results, in order to guarantee the
reliability of the data obtained, as well as the reproducibility of these data when carried out by different
bodies.

The tests are normally carried out on specimens called longitudinal specimens, the largest dimension of
which coincides with the direction of lamination, extrusion or main deformation of the material to be
tested. However, on certain occasions, they are required to be carried out on specimens obtained in a
direction perpendicular to the previous one, in this case they are called transversal.

In general there is little difference between the tensile properties obtained with longitudinal or transverse
specimens, although transverse specimens tend to give slightly lower ductility values than longitudinal
specimens. In some cases, tests may be required on specimens taken in the thickness direction,
perpendicular to the rolling plane, which are even more heterogeneous than the above.

It is usual to classify the mechanical properties of metals into two main groups: those related to strength,
which measure the material's ability to withstand static loads, and those related to ductility, which, on
the one hand, govern to a large extent its ability to withstand dynamic loads without breaking and, on the
other, its ability to accept, without cracking or breaking, the plastic deformation required in certain
forming processes. Generally speaking, it can be stated that those treatments which improve the strength
of a metal reduce its ductility, so that the properties included in the two groups mentioned above vary in
opposite directions.

Mechanical tests are destructive tests. This carries with it the danger of assuming that untested materials
are the same as those that were tested. If a bar is tensile tested or a welded joint is sectioned to examine
its quality, checking for discontinuities, penetration, etc., we can only assume that the rest of the bar or
part of the weld not tested has similar properties to those tested, because it was made under the same
conditions.
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However, destructive testing allows for an intensive study of the material under examination, and much
more information can be gathered than that obtained by any non-destructive technique. On the other
hand, destructive testing allows materials to be tested under the same conditions that they will have to
withstand in practice, and the test can be related to a product, a process or both. Destructive testing can
be time-consuming and costly, due to the need to prepare and test samples in sufficient quantity for the
results to be statistically representative of the material properties.

In this topic, the test methods that are most generally applied to determine the possible future behaviour
of welded joints will be presented. These material tests are generally required, and fully defined, in their
corresponding quality specifications and we refer the reader to them. This does not mean that the Welded
Construction Inspector should not be able to interpret the quality specifications of the materials whose
welds are to be inspected. In the same way, he must be sure that the material tests carried out have been
the appropriate ones in each case.

Tensile, hardness and bending tests are the most frequently used tests to determine the breaking strength
and ductility of a material. The welding process modifies the metallurgical structure, and it is important
to know the effect of these changes on the mechanical properties. Therefore, these tests can indicate the
most important characteristics of a welded joint, and are also used to qualify welding procedures and
welders as required by most codes.

A summary of the mechanical properties of the steels and the tests by which their parameters are
determined is given in the following table.

Table 1: Mechanical properties of steels

Mechanical strength Elastic yield strength

Stiffness Modulus of elasticity Tensile test
Ductility Percentage elongation at break

Toughness Modulus of toughness

Impact resistance Resilience Impact bending test
Hardness Hardness Hardness test
Fatigue resistance Fatigue limit Fatigue test
Resistance to thermal creep | Thermofluence limit Thermofluence test

2.1.1. Tensile test

The tensile test consists of subjecting a specimen, of standardised shape and dimensions, to an axial
tensile force which increases slowly and gradually until the specimen breaks. During the test there is
equilibrium between the force applied to the specimen and the reaction of the specimen. Under these
conditions the specimen is under static load.
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Because of the information obtained from this test, it is probably the most important mechanical test that
can be performed on a material. The tensile test is simple, fast, applicable to all types of materials,
relatively inexpensive and fully standardised.

During the test, certain properties of the material are measured which provide information on its ability
to withstand static loads (strength) and on its deformability (ductility).

C

9,0

) B E
Figure 1 - Apparent stress-strain curve Figure 2 - Determination of the yield strength 0.2%

The conventional yield stress is the stress that produces a permanent deformation €=0.002 (0.2%) in the
material. It is easily determined on the tensile curve by taking a segment OB = 0.2 (figure 2) on the strain
scale, generally expressed in percent, and drawing a parallel to the straight section through B, which cuts
the curve at a point C, whose ordinate OD is the conventional yield stress. The justification for this
construction lies in the fact that, if once the stress OD is reached in the test, the material is unloaded very
slowly, the line that relates stresses and strains during unloading coincides with the straight line CB and,
when the load is zero, there remains a remaining strain of a value given by the segment OB. It can
therefore be seen that, of the maximum deformation reached by the specimen, equal to OE, the BE part
is elastic, since it disappears with the load, and the OB part is plastic. If we were to reload the specimen
again (which already shows a plastic deformation OB), we would observe that the new tensile curve has
a straight section up to approximately point C, whereas the first one was only straight up to approximately
point A. This means that the plastic deformation of the material has increased its strength by raising the
yield strength from approximately A to C. This phenomenon is known as strain hardening.

Breaking strain

In very brittle materials, breakage occurs without macroscopically observable plastic deformation, i.e.
these materials break without leaving the elastic zone. Their tensile curve will therefore be as in figure
3A. The stress o is both that which produces the maximum elastic deformation, i.e. the elastic limit, and
that which causes the rupture, or breaking stress, represented by or. It is therefore, in this case:

OR = Of Equation 1
In materials with very low ductility the conventional tensile curve is as in figure 3B. When the stress on
the material exceeds its elastic limit, plastic deformation begins and with it the strain hardening of the



Co-funded by the u -
Erasmus+ Programme u =
of the European Union : o _
= Digital Training for European Welding Inspectors
material, so that for the deformation to increase, the stress must increase. The curve thus follows an

upward course until, when the stress reaches a value of o = o, the material breaks. The value o is now
the breaking strain.

If the material is ductile, its tensile curve will take one of the forms shown in figures 3C, 3D or 3E. On
exceeding the yield stress, or the values corresponding to the yield phenomenon, the curve rises as in the
previous case and reaches a maximum value and then falls until failure occurs. The maximum tensile force
on the specimen, divided by the area of its initial section Sy, is called the breaking stress og and has the
following value:

Equation 2

The breaking strain of ductile materials does not represent any property of the material. The extensive
use that has been made of it is justified only by the simplicity of its measurement and because, being
always equal to or less than the real breaking strain, when it is used as a reference for the strength of the
material, we are on the side of safety.

However, it is nowadays preferred to measure the strength of a material by its yield strength, which is a
physical characteristic. Also, as materials usually have to work within the elastic behaviour, the allowable
stress o is set as a fraction of the yield strength:

O Equation 3
Gt = —

K

where K is a safety coefficient representing the actual range between the working stress and the stress
at which the material would begin to undergo permanent deformation.

(B} e

(D)

Figure 3 - Stress-strain curves with different degrees of deformation in the tensile test
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Elongation
Deformation, or unit elongation, was previously defined as:

L— Lo Equation 4
Lo

& =

Where L, is the initial length of the specimen and L is the final length of the specimen after breakage,

which is measured by joining the two resulting pieces.

If expressed as a percentage, we have the elongation:

L — L0 Equation 5

Elongation represents the maximum unit plastic extension that the metal can withstand before breaking.
It is therefore a property linked to deformability, i.e. a ductile characteristic.

Striction

Once the tensile specimen is rotated, the area of the broken section is Sg. The quotient is called the section
reduction ratio:

Equation 6

and we call the value striction:

So - SR Equation 7
Z = ————x100 = 100q
So
If, during the test as a whole, the material undergoes a high permanent elongation at break, A, and a

pronounced strain, Z, its behaviour is said to be "ductile". If, on the other hand, failure occurs without
the material undergoing a macroscopically appreciable plastic deformation, its behaviour is considered
to be 'brittle'.

Transverse butt weld joint test

The specimens are removed from the material in such a way that the weld is arranged perpendicular to
the direction of traction. They involve the filler metal, the heat affected zone and the base metal.

When these specimens are broken, they may break at the base metal, which tells us that the strength of
the weld is above the breaking load of the base metal, but tells us nothing about the ductility of the
welded joint. If the specimen breaks at the weld, it means that most of the total deformation has occurred
in this area. As these breaks give low elongation results over the total of the specimen, we do not obtain
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a result that reflects the ductility of the welded joint. For the same reason, in this case, a comparable and
reliable value of the elastic limit is not obtained either, due to the fact that this value is defined as a
function of the uniform deformation that occurs along the entire length of the material being tested.

Therefore, this type of test is only valid to determine the tensile strength of the weld and to evaluate its
"performance" in terms of strength only. In this sense, different codes require them for the qualifications
of welding procedures, indicating that only the breaking load values obtained and the zone in which the
breakage occurs are reflected.

Overlap welded joint test

In this type of joint, the aim is to determine the resistance of the weld to shearing or shearing of a given
joint. For this reason, the specimens are usually prepared in such a way that they are representative of
the joint to be tested, following procedures similar to those that will be applied during their manufacture.
See figure 4.

With this test we obtain the breaking load Fm at which the joint collapses. With the breaking load and the
area of rupture A:; we obtain the breaking stress or (Fm/A:) expressed in MPa and oriented to the bead
throat; and with the breaking load and the length of the bead b, we obtain the load per unit length (F../b)
expressed in N/mm and applied to the weld bead.

These specimens are quite sensitive to the procedures used during their production. Gaps between over-
lapping parts can lead to stress concentrations at the root of the welds and thus produce non-homoge-

& &
& &

Figure 4 - Specimens for testing overlap joints

neous and non-comparable results.

(A)
{C)

2.1.2. Bend test

The bending tests are carried out by bending the specimen until it is bent at a certain angle, so that its
outer face is subjected to high tensile stresses and its inner face to compressive stresses.

Digital Training for European Welding Inspectors
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This test measures the minimum radius at which it is able to bend without cracking, i.e. it measures the
deformation capacity of the stretched area.

Depending on the applicable standard, a certain bending angle may be required without cracks appearing
or, more frequently, a 180° bend (parallel faces) without cracks exceeding a certain value.

This is a very demanding test to measure the ductility of the material in the area subjected to bending. It
is often used to assess the deformation capacity or to detect possible anomalies in an area such as
embrittlement due to localised heating and cooling during the welding process.

Measurable parameters

The measurement of ductility is carried out in the tensile test by means of the elongation, which deter-
mines the general ductility of the material as a whole, and by means of the striction, which determines
the localised ductility in the fracture zone. However, in this test it is not possible to determine whether
there are embrittled sections in the specimen. This is why the bending test is necessary to confirm this
ductility.

Since ductility is defined as the measure of the plastic deformation that the material can withstand before
breaking, the test is performed by bending the specimen at a given curvature until the two branches of
the specimen are parallel or at a given angle.

When the specimen is bent, its outer face is subjected to traction, according to the law shown in figure
14, and must be observed during the test in order to be able to appreciate the possible formation of
cracks that would correspond to a breakage of the material by traction.

Bend test on welded joints and information supplied

There are different types of bend tests used to evaluate the ductility and detect the possible presence of
defects in welded joints. The specimens can be longitudinal or transverse to the axis of the weld and are
subjected to bending using tools that allow them freedom of movement, free bending, or that limit de-
formation, if this is directed or guided.

Depending on the surfaces exposed to the maximum elongation, this weld test is called face, root and
side bending. Figures 5 and 6 illustrate these types of tests.

Tests with transverse specimens are normally used to qualify operators, because, in this way, possible
defects in execution that are not revealed by the tensile test are usually revealed. It should not be
forgotten that, as with transverse tensile specimens, the bending shape may be different, depending on
the different bending properties of the different parts that make up the specimen.
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Figure 5: Face bend test (left image) and root bend test (right image)

i
-

/F\/ /’“J

Figure 5 - Lateral bend test

2.1.3. Fracture test

Fracture or breakage is the fragmentation or division of a solid into two or more parts. Fracture thus leads
to the creation of new surfaces, which we call fracture surfaces, to which a certain energy is associated.
Therefore, the production of a fracture requires the contribution of a certain amount of energy supplied
by the forces applied or by those coming from an external field. In any case, the fracture phenomenon
consists of the initiation of a crack or fissure and its propagation through the solid to rupture. This process

take place in a single step, or a small crack may be generated first and grow slowly (stable growth),

until it reaches a sufficiently large size and propagates abruptly, causing the component to rupture (un-
stable growth).

Detectable imperfections

This test allows us to carry out a visual inspection inside the material after breakage. In this way, we can
detect discontinuities such as porosity, metallic inclusions, lack of penetration and lack of fusion.

Fracture testing of welded joints

The type of test shown in Figure 7 is used to determine the quality of the fillet weld. The base metals,
filler metals and welding procedure used should be the same as those subsequently used in the structure
or equipment under study. This test is also used to qualify welders.
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Figure 6 - Fillet weld joint fracture tests

A force F, as shown in the figure, is applied until breakage is achieved, the fracture surfaces are then
examined and their state of toughness or brittleness assessed.

2.1.4. Hardness test

Hardness is a property of materials that identifies the behaviour of their surface when in-teracting with
other materials. The hardness characteristics of a weld can be used independently or as a complement to
tensile and bend tests.

The main methods used are based either on the study of the surface of an imprint produced in the area
to be studied (Brinell, Vickers and Knoop hardnesses) or on the depth of the imprint (Rockwell hardness).

Information provided by the test

The results of hardness tests provide us with information on the metallurgical modifications caused by
welding. For example, if the cooling to which a weld of oils normally used in construction is subjected is
very rapid, hard tempering structures can be formed. Therefore, by investigating the hardness obtained
in the filler metal and thermally affected zones, we can find out if we obtain the precise ductility condi-
tions. On the other hand, welds of cold-worked or age-hardened materials can give hardness values in
the heat affected zones that are considerably lower than those of the base materials. This indicates that
the data obtained from these tests are affected by the welding variables such as: process used, state of
the base materials, heat input, preheating, temperature between passes, composition of the input mate-
rial and thickness of the joint. Therefore, the hardness values can tell us how these variables have been
used.

Excessive hardness in the weld seam or in the affected area indicates the presence of brittle structures,
with a consequent loss of ductility. It is also an indication of the risk of cracking.

In summary, it can be said that hardness testing is very useful to know with a good approximation the
ductility characteristics of the joint and to predict its strength properties. It is also a very versatile and
generally low-cost test. It should be carried out under standardised conditions and, if necessary, comple-
mented with other tests so that, between the two, they bring us closer to reality.

-
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Brinell hardness

It uses an indenter consisting of a 10 mm diameter steel ball, which is compressed against the surface of
the sample by a force of 3.000 kg. The hardness value is calculated from the measurement of the diameter
of the indent, and is equal to the quotient of dividing the load F by the surface of the indent considered
as a spherical cap. Brinell hardness is designated by HB (Brinell Hardness).

LF

D

]

Figure 7 - Geometry of the footprint produced during Brinell test

Vickers hardness

It uses as a penetrator a diamond pyramid with a square base in which the opposite faces form a dihedral
angle of 136° + 1 (See figure 9). The Vickers hardness (HV) is obtained by dividing the load in kg by the
true surface of the indentation in mm.

¢F

— ]

& Egrartal F -
e

Figure 8 - Geometry of the footprint produced during the Vickers test

Rockwell hardness

The Rockwell test is specially designed for hard materials that cannot be adequately tested by the Brinell
method. The Rockwell test uses alternatively a diamond conical indenter or a spherical steel indenter, the
diameter of which can be 1/16", 1/8", 1/4" or 1/2". The conical indenter has an angle at the apex of 120°
and the tip is rounded with a radius of 0,2 mm.

For high hardness workpieces, the diamond cone is used as the penetrating body and the hardnesses
obtained are called Rockwell-C (HRC). For soft materials, the 1/16" hardened steel ball is used and the
hardnesses obtained are called Rockwell-B (HRB).

A
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Microhardness or Knoop Hardness

Hardness measurements are sometimes required on very small surfaces, such as when the hardness of
certain micro-constituents, the hardness of very small parts such as clockwork gears or when determining
the hardness gradient in a cemented layer or in a weld seam. Diamond indenters with loads ranging from
25 to 1000 g are used for this purpose. Larger loads are used for macroscopic measurements, while
smaller loads are used to determine the hardness of phases or micro-constituents. The most commonly
used system is that using a Vickers indenter, similar in geometry to that used in the hardness tests de-
scribed above, but adapted to a metallographic microscope which allows the size of the micro-indent
produced on the tested material to be measured.

The hardness obtained is obtained as a function of the size of the indentation produced and the indenta-
tion load applied. The formula applied to determine the Vickers hardness value is similar to that used in
the hardness test (HV=1.8544F/I?) and the units are the same (kg/mm?).

Hardness test of welded joints

Hardness tests are usually carried out on ground or polished surfaces and sometimes chemically attacked
to better define the different areas of the weld. They may be carried out on the surface of the weld,
longitudinally and transversally to the weld, or on sections of the weld.

The type of test to be carried out depends mainly on the hardness or strength of the material, the size of
the weld and the type of information desired.

The Brinell test produces a large footprint and is therefore applicable for large joints and heavy thick-
nesses. The Rockwell test produces a much smaller footprint, suitable for measurements close to each
other. The Vickers and Knoop test fingerprints are relatively small and suitable for measurements in dif-
ferent regions of a thermally affected area and at close proximity to each other.

2.1.5. Macrographic test

Macrography is the study of properly prepared metal surfaces by observing them under low magnification in
order to be able to observe large areas of the specimen surface. This method is used on a wide variety of
parts, but especially on castings or those that have undergone a forming process due to severe plastic defor-
mation.

Information provided by the test

Its purpose is to detect possible defects. Observation can be made with the naked eye, with a magnifying
glass or with an optical microscope. The macroscopic test is performed by cutting the specimen from the
welded area of the material, previously selected, and reveals various types of heterogeneities:

e Chemical heterogeneities such as segregations, nitrurations and cementations.
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e Mechanical heterogeneities. Arising mainly from cold working or any other process that intro-
duces permanent stresses into the metal.

e Physical and geometrical heterogeneities such as over-thicknesses, porosities, undercuts, lack of
fusion and slag inclusions.

e Structures. Heat affected zones, zones of grain size increase, pass numbers, zones of different
heat treatments.

2.1.6. Health and Safety

This type of testing is usually carried out in a workshop or in a specialised laboratory. With regard to the
health and safety of personnel qualified to carry out the required mechanical tests, this section contains
a brief reminder of the possible risks that exist in this type of installation.

e Physical hazards due to specimen preparation and subsequent test performance:
- Noises
- Vibrations
- Poor lighting
- Falls and impacts
- Cuts

- Cushing

Chemical hazards due to metallographic preparation of specimens:
- Reagents
- Vapours

-  Fumes

Copyright © by D-EWI All Rights Reserved | 103 - 2.1 Destructive testing of welded joints
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Destructive tests applied in statistical quality control make it possible to check, with a certain degree of
certainty, the quality of a production. However, as mentioned above, it is necessary to disable a certain
number of samples, providing data on a local area of the product, but not on its entire volume, without
being able to ensure the quality of all the elements of a production.

Non-destructive testing (NDT) allows the inspection of 100% of a production run and the inspection of
the entire volume of a product. However, it should be noted that NDT does not provide information on
the mechanical properties of the inspected material, but it does serve to detect potentially catastrophic
imperfections, thus ensuring a certain degree of reliability.

The use of NDT in a production system confers the following advantages:

e They allow 100% inspection of a part or a production run and the collection of data on the
entire volume, helping to maintain a uniform level of quality in the product and in production.
They are applicable at any stage of the production process.

e Applied in the maintenance and monitoring operations of the systems throughout the ser-
vice, they contribute to ensure their functional quality and help prevent accidents.

e Adapted to the object to be tested.

e Provide direct and indirect economic benefits:

— Direct benefits in terms of reduced manufacturing costs by eliminating, at the early stages of
production, products that would be rejected in the final inspection.

— Indirect benefits, such as improved design and control of manufacturing processes.

The success of the application of non-destructive testing to an industrial problem is conditioned,
fundamentally, to the fulfilment of the following requirements:

e That the test allows the basic stages of the inspection to be carried out correctly.

e That, taking into account economic factors, the trial be programmed under the criterion of
maximum economic return and benefit.

They also have the following limitations:

e Heavy reliance on the operator. Theoretical and practical education and training of the operator
is essential for a positive inspection result.

e There is no formal training. They are not qualifications recognised by the education system.
o They need standard test tubes. And in some cases complex calibrations and verifications.

e There is no absolute method. In many cases it is necessary to perform more than one of the
methods on the same part.
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*  VOLUMETRIC TESTS. These are tests that allow us to examine up to 100% of the total volume of
the object under test.

*  SEMI-VOLUMETRIC OR SUB-SURFACE TESTS. These are tests that allow us to examine a part of
the volume of the object under test.

*  SURFACE TESTS. Surface tests are those that allow us to examine only the surface of the object
under test, and are therefore suitable for detecting discontinuities that emerge at the surface.

Each non-destructive testing method is based on some physical phenomenon that allows us to identify
the phenomenon with the imperfection.

e Visual inspection — Visible light.

e Penetrating liquids — Surface tension.

e Magnetic particles — Electromagnetic energy (magnetic field).
e X-rays — Electromagnetic energy (photons).

e Eddy currents — Electromagnetic energy (current).

e Ultrasound — Mechanical energy (elastic waves).

e Acoustic Emission — Mechanical Energy (elastic waves).

This topic will describe some of the most commonly used non-destructive tests in industry. The applica-
tions of NDTs are very diverse:

They can be used to characterise samples, both in terms of their nature and their condition. The most
common use is the detection of heterogeneities or discontinuities, both in manufacturing (im-perfections
or defects) and in service (deterioration or failures). They can also be used in metrology, for the measure-
ment or determination of geometric parameters. In terms of industrial sectors, NDTs are used in all of
them, a list is given below as an example:

e Aeronautics e Alimentation
e Art e Automotive

e Construction e Railway

e Metallurgical e Naval

e Nuclear e Petrochemical

e Etc..
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2.2.2. Advantages and limitations of NDTs

The advantages and limitations of the most commonly used NDT methods are given below.

It is very accessible. Only detects surface discontinuities.
Relatively simple. Requires well-trained operators.
Applicable to any material. Cannot determine the depth of the

. . . o discontinuity.
Allows precise location of discontinuities.

Fast. Only detects surface discontinuities.
Easy to apply. There is a risk of contamination.
Very sensitive. It is not possible to determine the depth of the

discontinuity.
Very portable.

Applicable to any material, except very
porous ones.

Fast. Can only be applied to ferromagnetic
materials.

Easy to apply.
Only detects surface and sub-surface

Very sensitive. discontinuities.

Highly portable. There is a risk of contamination.

Accurat'ely de'ter.mmes the length of the There is remanent magnetism.
discontinuity.
The depth of the discontinuity cannot be

determined.
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High sensitivity. Only detects surface and sub-surface
discontinuities.

Highly versatile.
. . Only applicable to electrically conductive
High portability. materials

No coupling required. There is a mixture of many variables.

High inspection speed.

Difficult to apply to ferromagnetic materials.

Provide a document. Requires access from both sides.

Relatively easy observation. Not suitable for detecting flat discontinuities.
Applicable to any material. There are risks of irradiation.

Very sensitive to three-dimensional Difficulty in large thicknesses.

discontinuities. o . .
High investment in equipment and safety.

Numerous special techniques.

High penetration power. Requires skilled operators.
High sensitivity. Requires extensive knowledge of testing
. . . techniques.
Accuracy in determining the position of the
reflector. Difficult to apply on rough, thin or irregular
parts.

Only requires access from one surface.
Difficult to detect discontinuities close to the

Instant response. surface.

Can be automated. Requires coupling medium.

Inspects the entire volume. .
P Requires reference blocks.

No risk to people.

High portability.

Copyright © by D-EWI All Rights Reserved | 103 - 2.2 Overview of NDT methods
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Basic stages of hon-destructive testing inspection

The basic steps in the inspection of a material, component, weld, etc., by non-destructive testing
methods, with regard to problems of defectology, characterisation and metrology, can be summarised
in the following four steps:

» Choice of appropriate method and techniques:

The nature of the material, its structural state and product form must be taken into account, as well
as the type of heterogeneities that may occur, since all methods have limitations of interpretation,
limitations due to the geometry and nature of the material, as well as limitations in the field of ob-
servation and in the speed of application allowed by the test.

» Obtaining indications:

In order to obtain a proper indication of a heterogeneity present in the material, it is necessary to
have knowledge of the characteristics of the products, of the heterogeneities that may occur and of
the types of heterogeneities that can be detected by the different operational techniques that each
method allows.

> Interpretation of indications:

Once the indication has been obtained, it is necessary to interpret it, i.e. to correlate the observed
indication with the nature, morphology, location, orientation and size of the discontinuity that gen-
erated the indication.

» Assessment of indications:

Once obtained, interpreted, measured and quantified, the indication should be evaluated, i.e. com-
pared with an acceptance criterion. It is not the inspector's job to decide whether a weld is good or
not. Nor is it the role of the inspector to choose the test method or the required quality level.
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2.3. Test principles and applicability

Visual inspection (VT) is the most widely used non-destructive test. The main reasons for its use are its
simplicity, ease of use, speed of execution and the economy of its application. However, despite its sim-
plicity, it should never be forgotten. Even when more sophisticated tests are planned, a visual inspection
should always be carried out as a preliminary step. This will facilitate the subsequent work and, in many
cases, will be the decisive element for continuing the established production sequence with a real chance
of success.

Visual inspection is not decisive for classifying a weld as acceptable as this test is limited to the surface
only. To study the subsurface or the interior of the material, other tests such as radiography, ultrasound,
magnetic particles, etc. must be applied.

Focusing on the inspection of welds, the inspection begins when the material arrives at the welding depot,
continues throughout the welding process and ends when the inspector examines the finished equip-
ment, marks the areas to be repaired and completes his inspection report. Conscientiously applied by
experienced personnel, visual weld inspection:

o Identifies non-compliant materials.

e Facilitates the correction of defects during the manufacturing process to avoid rejection after
rejection.

e Reduces the need for further NDT.

2.3.1. Conditions for carrying out the test

Perhaps because visual inspection is so routine, it was not until the 12th century that a Franciscan friar,
Roger Bacon, laid the foundations for proper visual inspection. Here are the nine conditions Roger
Bacon lists in his Opus Maius for observing correctly:

Convenient light.

Safe distance.

Adequate position (of the observer).

Appreciable size of the object under examination.

Different density (i.e. contrast with respect to a background).
Transparency of the medium (between the object and the eye).
Sufficient time.

Sound eyesight.

£ 0 N o Uk W RE

Suitable position of the object under examination (access to the surface to be examined).

-
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2.3.2. Qualification of personnel: ISO 9712

It is worth mentioning here what is required of the inspector in terms of visual acuity.
Table 1
Section 7.4 Visual acuity - all levels. UNE-EN ISO 9712

The candidate must provide evidence of satisfactory vision in accordance with the following

requirements:

Near vision should be able to read at least Jaeger Standard Letter Scale 1 or 4.5 Times Roman size
or equivalent (with a height of 1.6 mm) at a distance of not less than 30 cm, with one or both eyes,
with or without correction.

Colour vision must be sufficient for the candidate to distinguish and differentiate the contrast
between the colours or greyscales used in the NDT method to be used, as specified by the employer.

The certification body may consider replacing the requirements specified in a) in accordance with an
appropriate alternative.

After certification, near vision acuity checks must be performed annually and verified by the
employer.

Absence of colour blindness

Certificates issued by opticians, indicating their membership number, as well as certificates issued by
mutual insurance companies without a membership number, shall be considered valid.

To be avisual inspector, it is not enough just to see well. In fact, inspectors with adequate knowledge and
extensive experience can perform more effective inspections than an inspector with perfect vision who

lacks knowledge and experience.

It should not be forgotten that the first inspector of the welded joint is always the welder who, although
not certified to carry out inspections, has great experience in the welding process and the material he
works with on a daily basis.

Irrespective of the codes or standards that apply to the certification of non-destructive testing personnel,
such as visual inspection, the visual inspector must have a good command of codes, standards, specifica-
tions, drawings, symbology and welding design. He/she should have sufficient knowledge of how materi-
als should be prepared for welding, how equipment and operators should operate during welding and
how the finished weld should look.

Digital Training for European Welding Inspectors
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2.3.3. Detectable defectology

Defectology before welding

Visual inspection includes the inspection of the parts before welding. In this inspection various assembly
defects can be found such as:

e  Misalignments between parts.

o Angular deformations.

e Faulty settings, etc.
It should be taken into consideration that it is usual to assemble the parts by slightly modifying the di-

mensions established in the drawings, in order to compensate for the effect of the deformations pro-
duced during welding.

Defectology after welding

By visual inspection, different types of defects can be detected, sometimes even intuiting the presence
of some, located below the surface.

e Lack of Fusion. They are detected by the appearance of depressions between the bead and the
base metal. They can also be seen by a certain overlapping of the edges of the bead on the base
metal, which indicates that the bath has overflowed onto the solid material. Lack of fusion is not
always detectable by this method.

e Lack of Penetration. It causes a certain depression along the side opposite to the part to be
welded, by examining the root this anomaly can be detected, if possible.

e Undercuts. They are easily identifiable, indicated as depressions in the base material along one
of the two sides of the seam.

e Lack of Filler Metal. They are easily identifiable and appear where the welder has not completely
filled the joint to be welded.

e Slags, Oxides and Scale. They are only detectable if they are superficial. Their detection and re-
moval means increased corrosion resistance of the weld.

e Cracks. Cracks come in several forms:
— Hot cracks develop along the central axis of the weld.

— Cracks in the heat-affected zone occur along the edge of the weld seam, these cracks are
usually very fine and Inspectors may need to use magnifying glasses to detect them.

— Crater cracks appear at the ends of the cords and are usually star-shaped.

e ArcBarley. They originate when the arc is established outside the edges of the joint to be welded,

and may contain tiny cracks.

e Splashes or Spatters. These are small metal droplets that are ejected from the joint to be welded
and produce hot spots on the base metal, but their size is usually so small that they do not cause
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any serious problems. Where appearance is a deciding factor, they should be eliminated, even if
their effects are considered to have little detrimental effect.

e Dimensional Deviations. They are easily detectable and can be assessed by means of easy-to-use
instruments. They can be dimensional deviations from the dimensions of the workpiece and di-
mensional deviations of the weld seam.

o Deformations. By observing the finished assembly, it is possible to detect whether deformations
have occurred. By studying the surface of the weld, it is possible to know if the work was carried
out correctly, since when the weld is welded at a suitable speed and with suitable parameters,
the weld has a regular contour with uniform water and penetration. Such as excessive over-

thickness, asymmetry, etc.
Visual inspection of welds can be carried out in two ways:

e Direct visual inspection. The inspector carries out his work without the use of image processing
devices. This can be done without aids or with auxiliary elements such as lenses, gauges, etc.

¢ Indirect or remote visual inspection. The inspector makes use of available mechanical and/or
optical equipment that complements the eyes, and allows them to perform a more thorough in-

spection.

2.3.4. Optical aids for direct visual inspection

Geometrical optics is the discipline that explains the manipulation of light by means of mechanical
accessories that produce an image for human observation. These mechanical accessories can be classified
as mirrors, lenses and prisms. Prisms currently have no common application in visual inspection, therefore
the physical basis of their interaction with light will not be developed in this topic.

It is common for the visual inspector to need the following tools to carry out his or her work:
e Mirrors

Mirrors change the direction of light by reflection. Mirrors can be flat, convex, concave or parabolic.

They are typically used when access to the area to be inspected is difficult, for example, when inspecting
the root of a butt weld. They are available in different sizes and can be incorporated into an extendable

element to facilitate the inspector's access.

Figure 1 - Flat mirror for weld inspection.
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e Lenses

Lenses are transparent objects (usually made of glass), bounded by two surfaces, at least one of which is
curved.

The most common lenses are based on the different degree of refraction that the rays experience when
striking different points of the lens.

Figure 2 - Manual and fixed magnifier

The loupe is the most commonly used tool to magnify the image observed by the inspector. They consist
of a converging lens. It can be manual or fixed. There are also comparators which are magnifying glasses
with measuring capabilities. Some have interchangeable scales which allow them to measure diameters,
radii, angles, distances, etc.

There are also pocket microscopes which are tubes with a small diameter (about 12 mm) and a length of
about 15 cm, although larger diameters are also available. Some varieties reach X150 magnification. An
auxiliary light may be incorporated to facilitate inspection. See Figure 2.

Lighting devices

Sometimes it is necessary to have an "extra light" to be able to carry out the visual inspection, for example
to inspect the root of a weld on a pipe where ambient light does not reach. It is common for the inspector
to carry a small torch to assist him in his task. The torch is used to illuminate those areas where ambient
light is not sufficient and to create shadows that can be indicative of the existence of undercuts, surface
porosity, shrinkage, etc.

A
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Figure 3 shows a diagram of how the use of a torch can help locate an undercut.

Figure 3 - Localisation of undercut by projecting its shadow

Dimensional measurement

For the characterisation of an indication to be complete, it is necessary to know its dimensions. An

acceptance criterion can give an indication as acceptable or unacceptable depending on its dimensions.

In visual inspection of welds, it is common to have to take measurements of the depth and length of

undercuts, angles of agreement, overthicknesses, excess penetration, angular deformation, misalignment

of butt-jointed parts, length and thickness of slag inclusions, etc. For this purpose, devices such as a simple

flexometer or more sophisticated tools such as those described below are used.

e Simple welding gauge

It measures fillet welds between 3 and 15 mm thick. The gauge shall be positioned
with the curved part of the fusion faces so that it has three points of contact with the
workpiece and fillet welds. It can also measure the overthickness of butt welds with
the straight side.

Because these gauges are made of relatively soft aluminium, they wear out quickly.

e Set of welding gauges
It measures fillet welds between 3 and 12 mm thickness, from 3 to 7 mm the graduation
is 0,5 mm, above that only 8 mm, 10 mm and 12 mm are available. The gauge measures
using the three-point contact principle.

e Welding gauge with calibration

Measures fillet welds, can also determine overthickness of butt welds.

Figure 4 - Simple
welding gauge

—/‘> »
—\7

Figure 5 - Set of
welding gauges
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The sides of the gauge are shaped so that face-to-face angles of 60°, 70°, 80° and 90° can be measured in
V- and single V-butt welds.

Figure 6 - Welding gauge with digital
calibration (A) and (B) with
analogue calibration

(A) (8)

¢ Internally manufactured welding gauge

Measures by comparison various throat thicknesses in fillet welds with a
90° angle between faces.

Figure 7 - Internally
manufactured welding
gauge

Sometimes a manufacturer produces its own templates against which it
compares.

e Three scale welding gauge

Figure 8 - Three scale

Measures throat thicknesses and side lengths. Can also welding gauge

measure butt weld over-thickness. Easy to use. Also suitable
for asymmetrical fillet welds.

e Gauge for checking the profile of fillet welds

Verifies the profile of a shape for a fillet weld dimension. This type of gauge requires a model for each
fillet weld dimension.

Figure 9 - Gauge for checking fillet weld profile

e Multipurpose gauge

Measures bevel angles, fillet weld side lengths, undercuts, misalignments, throat thicknesses and weld
overthicknesses.
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This gauge is probably the tool most commonly used by the visual weld inspector. However, this tool has
the disadvantage of precision: it cannot measure sizes smaller than one millimetre.

e Universal welding gauge

On fillet welds it measures shape and dimension. On butt welds it measures plate misalignment, bevel
angles, plate spacing, overthickness, length and depth of undercuts, etc.

Figure 10 - Universal welding gauge

e Opening gauge
Measure the width of the openings. See figure 11.

Figure 11 - Opening gauge

e Misalignment hook gauge

Measures the misalignment of the preparation in butt joints of sheet metal and tubes.

Figure 12 - Misalighment hook gauge

e Universal butt welding gauge

Measures preparation and finishing of butt welds:

Copyright © by D-EWI All Rights Reserved | 103 - 2.3 Visual Inspection
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Figure 13 - Universal butt welding gauge

e Other measuring elements
In addition to the gauges mentioned above, an inspector has other
gauges such as the one shown in figure 14. A very common mistake
is to try to measure the throat directly with this gauge. With this tool
it is only possible to measure the foot of a fillet weld, the excess of
concavity or convexity and, at most, the excess thickness of a butt
weld.

For measuring, for example, diameters and thicknesses of plates and
Figure 14 - Fillet welding

gauge

tubes, the inspector can also use micrometers, calipers and other
measuring devices.

(A) (B)

Figure 15 - (A) Caliper and (B) micrometer

Copyright © by D-EWI All Rights Reserved | 103 - 2.3 Visual Inspection
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2.3.5. Performance of visual inspection in accordance with 1ISO 17637

Visual inspection involves actions from receipt of material and checking of conditions to inspection of the
part in service. ISO 17637 is a very useful tool to determine what aspects should be considered when
performing visual inspection before, during and after welding.

ISO 17637. Non-destructive examination of fusion welds. Visual examination establishes the require-
ments necessary to carry out the visual inspection of welds correctly. It includes recommendations for
direct observation, or optimum light intensities (500 Ix), etc. It also includes the visual characteristics of
the visual inspector and recommendations for equipment such as gauges, callipers, etc.

2.3.6. Visual inspection before welding

When visual inspection is required prior to welding, the joint should be examined to verify that:

e The base material and product type corre-
sponds to that specified in the fabrication
drawing and the welding procedure specifica-
tion (pWPS or WPS).

e The shape and dimensions of the edge prepa-
ration meet the requirements of the welding
procedure specification.

* Fusionfacesand adjacent surfacesarecleanof  Figyre 16 - Cracked spot weld detected during visual

rust and paint, and any surface treatment has pre-weld inspection
been carried out in accordance with the appli-

cation standard or product standard.

e The parts to be joined by welding have been correctly fastened together according to the draw-
ings or manufacturing instructions.

e The welding points which hold the assembly and which are to be remelted during the final weld-
ing, are free of defects such as cracks, porosity, inclusions, etc.
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Figure 17 - Crack detected in the root pass partially covered by the filling pass

2.3.7. Test registration

According to ISO 17637, a visual inspection report must contain the following points:

a) Name of the component manufac- | h) Acceptance criteria.

turer.

b) Name of the inspection team, if dif- | i) Imperfections exceeding the acceptance cri-
ferent from a) teria and their location.

c) ldentification of the object under ex- | j) Scope of the examination with reference to

amination. drawings as appropriate.

d) Material. k) Inspection devices used.

e) Type of joint. [) Inspection results against acceptance criteria.
f) Material thickness. m) Name of inspector and date of examination.

g) Welding process.
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2.4. Liquid Penetrant Testing (PT)

The liquid penetrant testing allows the detection of superficial imperfections through the capillarity penetration of a
low superficial tension liquid and a great wettability power.

It is a fast and simple process, easy to apply even in irregular components and it is used in all materials (ferrous
materials and non-ferrous materials), however this does not include porous materials. Due to the capillarity, even very
fine imperfections, such as cracks end lack of fusion are filled with penetrant, which is applied to the cleaned surface
to be tested.

The main drawback is that it only allows the identification of imperfection (cracks and porosities) in contact with the
outer surface e it is necessary to have access from all sides of the component to be inspected.

ISO 3452-1 is the standard that the specifies a method of the penetrant testing for application, usually for but not
restricted, to metallic materials and defines requirements for process and control testing. Some important variables
defined by this standard are listed below:

e  Penetrant duration: 5 — 60min
e Development duration: 10 — 30 min
e Temperature: 10 — 50°C

This standard is not intended to be used for acceptance criteria.

Figure 1 - lllustrative image of a imperfections revealed after liquid penetrant testing

2.4.1. Liquid penetrant characteristics

The basics of the Liquid penetrant testing are based on the following characteristics of a liquid:

e  Capillarity or capillary action is defined as the tendency for a liquid to penetrate or migrate into small
openings, such as cracks, pits, or fissures. Capillary action is associated with wetting ability. For example,
when a tube with a small inside diameter is inserted into a liquid, the liquid level inside the tubing may rise
above, remain even, or be lower than the outside liquid level. If the contact angle between the liquid and
the tubing wall is less than 90-degrees (the liquid wets the tube wall), the liquid will be higher in the tube
than on the outside. When the contact angle is 90-degrees or greater (poor wetting and high surface
tension), the liquid will not rise above the outside level and may even be depressed. Capillary rise occurs
when a liquid wets the inside of a tube and the surface tension draws additional liquid into the wetted area.
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e Viscosity is @ measure of a liquid's resistance to a change in physical shape and is related to internal friction.
The viscosity of a liquid decreases as the temperature is raised and viscosity increases as the temperature
is lowered. Viscosity has no effect on penetrating ability. Some highly viscous fluids, such as molasses, have
very good penetrating ability, while some low viscosity liquids, such as pure water, have very poor
penetrating ability. However, from an application viewpoint, viscosity affects the speed with which a
penetrant enters a discontinuity. Viscosity also determines how much penetrant will remain on a part surface
during the dwell period. High viscosity penetrants cling to the surface, requiring increased effort for removal.
Very thin penetrants (low viscosity) may drain from the part surface so quickly insufficient penetrant remains
to enter discontinuities. Some standards set the minimum viscosity to 5 centistokes. wettability, and
colouring.

e wettability is evaluated by the contact angle between the liquid and the contact surface. This angle is
measured by the tangent of the contact between the liquid surface and the solid. Poor wettability of the
surface is related to a large contact angle while good wettability are related to small contact angles. In liquid
penetrant testing the liquid used should have a good wettability in order to be able to work correctly for this
goal.

Decreasing contact angle
Increasing wettability

e Ll

wets completely

Other important characteristics are:

e Flash point is the lowest temperature at which vapors of a substance ignite in air when exposed to a flame.
The flash point does not affect the performance of a penetrant. High flash points are desirable to reduce
the hazard of fire. In some specifications the flash point has been defined to be at least 55°C.

e volatility, the vapor pressure or boiling point of a liquid characterizes its volatility. It is associated with the
evaporation rate of liquids and is desirable for penetrant materials to have a low volatility, i.e., a high boiling
point. However, in the case of petroleum products, viscosity increases as the boiling point goes up. In this
group of materials, the lower viscosity is preferred because they require less penetrating time. Still, for
practical purposes, high volatility should be avoided before viscosity becomes a problem. High volatility
results in a loss of penetrant in open tanks and can result in penetrant drying on a part during the penetrant
dwell, leaving a film difficult to remove.

e Thermal stable is important because the coloring pigments can be affected by the temperature. The dyes
used in fluorescent-dye penetrants lose their brightness or color when subjected to elevated temperature.
Loss of brightness or color also occurs at moderate temperatures, but at a slower rate. The liquid should
not chemically react with the parts to be tested, for example, austenitic steels are attacked by remnants of
sulphur in liquid penetrants.

e The liquid penetrant should be easily removed from the surface while remaining inside the discontinuity.

e  Toxicity — if the liquid penetrant is not innocuous it can have a toxic effect on the operator. Gloves should
be used to avoid allergic reactions.

The penetrant sensitivity refers to the penetrant aptitude to reveal small and narrow discontinuities, like sharp cracks.
The sensitivity is the capacity of penetration and coloring of the penetrant. The cracks can present a reduced volume,
so the penetrant should be able to enter the discontinuity, fill it entire volume, exit the discontinuity revealing the
existence of a defect.

There are four levels of sensitivity, with level 1 being the lowest and is used to reveal only large discontinuities while
level 4 has a very high sensitivity and can reveal really small discontinuities. Sensitivity levels shall be determined
according to ISO 3452-2.
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2.4.2. Different groups of liquid penetrant particles and methods
The liquid penetrant testing can be divided in two methods, penetration method and transparency method.

The former uses a visible penetrant liquid, usually red, that produces a contrast with the developer, usually white. The
latter uses a fluorescent penetrant medium that is visible when exposed to a black light. The sensitivity of the latter
method is better, but both methods provide good results when correctly applied.

The materials necessary for the execution of the method are penetrant liquids, cleaning liquids for the penetrant
excess (water, water after emulsification and special solvents) and developers (in powder or in suspension in a liquid
with a small granulometry).

The different type of penetrant liquids that exist are natural or fluorescents removable by water, emulsified water or
adequate solvents. The liquid can be applied using a brush, spray or submerged in trays.

2.4.3. Penetrant family

The table below details designation established by ISO 3452-1 standard for the liquid penetrant families

Excess Penetrant remover

Type Denomination Method Denomination Form Denomination
I Fluorescent A Water a Dry
Il Colour contrast B Lipophilic emulsifier b Water-soluble
1] Dual purpose C Solvent c Water suspendable
(fluorescentand p Hydrophilic d Solvent-based (non-aqueous for type
colour contrast emulsifier 1)
E Water and solvent e Solvent-based (non-aqueous for type
Il and II)
f Special application
g No developer (type 1 only)

A product family is understood as the combination of the following penetrant testing materials: penetrant, excess
penetrant remover except for method A and developer. A product family may be defined by the manufacturer, user
or inspection authority and the testing materials do not necessarily have to be from the same manufacturer but should
be type tested with the respective standard.

The product family to be used for penetrant testing is given a designation comprising the type, the method and the
form for the testing products, and a figure which indicates the sensitivity level.

A product family comprising a fluorescent penetrant (1), water as the excess penetrant remover (A), and a dry-powder
developer (a), and having a system sensitivity of level 2 gives the following penetrant testing system designation
when using ISO 3452-1 and ISO 3452-2: product family ISO 3452-2, 1Aa Level 2.

The penetrant can be fluorescent, color contrast or both. The color penetrant liquid, usually red, produces a contrast
with the developer, usually white. The fluorescent penetrant is visible when exposed to black light. The sensitivity of
the fluorescent liquid is usually better but both methods provide good results.

The excess penetrant removers should be able to remove the excess penetrant from the surface of the component
without removing the penetrant inside the discontinuities. These removers can be:

e Water - water is used for removal it shall be applied by wiping, immersion or spray;

e Solvent - Excess penetrant shall be removed first by using a suitable clean lint-free cloth or absorbent paper
and subsequently by using a clean lint-free cloth lightly moistened with solvent;

o lipophilic emulsifier — To allow the post-emulsifiable penetrant to be removed from the test surface, it shall
be rendered water-rinsable by application of an emulsifier. This can only be done by immersion;



&:D-EWi

Co-funded by the
Erasmus+ Programme
of the European Union o :
s Digital Training for European Welding Inspectors
e hydrophilic emulsifier — To allow the post-emulsifiable penetrant to be removed from the test surface, it shall
be rendered water-rinsable by application of an emulsifier
e water and solvent - the excess water-washable penetrant shall be removed using water. Subsequently the

surface shall be wiped with a clean lint-free cloth, lightly moistened with solvent.

The basic function of all developers is to improve the visibility of the entrapped penetrant indication. The improvement
in visibility is achieved through a number of mechanisms including the following:

e Assistance in extracting the entrapped penetrant from discontinuities.

e Spreading or dispersing the extracted penetrant laterally on the surface, thus increasing the apparent size
of the indication.

e Improving the contrast between the indication and the background.

The developers can be:

¢ Dry developer may only be used with fluorescent penetrants and a thin layer should be uniformly applied to
the test surface. Techniques like dust storm, electrostatic spraying, flock gun, fluidized bed or storm cabinet
can be used for this goal. Local agglomerations should be avoided;

e Water soluble developer where a uniform application of the developer should be carried out by immersion
or by spraying with suitable equipment. The part should be dried by evaporation and/or by a drying oven;

e Water-suspendable developer where a thin, uniform application of the developer shall be carried out by
immersion in agitated suspension or by spraying with suitable equipment in accordance with the approved
procedure. The part should be dried by evaporation and/or using a forced-air circulation.

e Solvent-soluble developer should be applied by spraying uniformly. The spray should guarantee that the
developer is slightly wet when contacting the surface, giving a thin, uniform layer.

e Developer for special application the surface should be cleaned with clean and dry cloth, applying the
penetrant, removing the excess penetrant and apply the peelable developer as recommended by the
manufacturer.

e No developer should be only used for type | penetrant.

2.4.4. Test Procedure for liquid penetrant testing

First step — Washing and cleaning of the component surface using a very low surface tension liquid with solvent,
detergent, or vapor. Mechanical cleaning should be avoided or eliminated.

Second step — Drying is the final stage of the precleaning.

Third step — Application of penetrant liquid with a high superficial tension and great wettability during to 5 to 60
minutes at a temperature from 10 to 50°C.

Fourth step — Removal of the penetrant liquid in excess using a high surface tension liquid and adequate to the
penetrant type. The removal in some cases can be made using water, water after emulsification or a special solvent.

Fifth step — Drying of the surface

Sixth step — Application of a developer in powder or in suspension of a liquid with a small granulometry and applied
in a small and homogeneous layer.

Seventh step — Drying of the surface only when the developer is an aqueous liquid.

Eight Step — Observation and record of the results. The observation must be made after the application of the
developer, but the results can only be recorded after 10 to 30min, after development. A black light should be used
with fluorescent penetrant liquids (a black ultraviolet light with a wavelength of 360nm)

Nineth step — Final surface cleaning to eliminate a possible corrosion action due to the existence of sulfur or halides
(fluorine, chlorides, bromides and iodides).
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Cleaning before test Application of penetrant Remove the excess of penetrant Application of developer

Figure 2 - Representation of the steps performed on the liquid penetrant testing

2.4.5. Liquid penetrant testing features

This process can identify following types of defects:

e Only imperfections which are open to the test surface;

o  C(Cracks;

e  Pores;

e Lack of fusion;
e Overlap.

Cracks width with sizes up to 0,5um can be displayed.
The working equipment needed to perform these tests are the:

e  Penetrant;

e Developers;

e Water or solvent as an intermediate cleaner;

e  Possibly UV lamp, depending on the nature of the penetrant.

The following prerequisites are needed:

One-sided accessibility;

The surface should be clean, dry and grease-free;

Low contour surfaces should used for maximum test sensitivities;
Temperature should be between 10 to 50°C;

The material to be tested should not be too porous;

The material should no be destroyed by test chemicals.

2.4.6. Evaluation and test reporting

ISO 23277 specifies the acceptance levels for indications from surface breaking in metallic weld detected by penetrant
testing. These acceptance levels are intended to be used in the manufacture inspection but where appropriate it can
also be used for in-service inspection.

This standard defines different levels of acceptance by imposing limits to the maximum length of linear indications,
e.g. cracks, lacks of fusion, or maximum dimension of non-linear indications, e.g. pores, inclusions,

When performing the liquid penetrant testing the documentation associated with the test should include sketches,
photographs, and test report with the minimum content according to 1ISO 3452-1.

The minimum content of the test report should be:

e Information of the tested component;
o Designation
o Dimensions
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o Material
o Surface condition;
o Production stage.
e Testgoal
e  Designation of the liquid penetrant system, as specified in ISO 3452-1 standard, providing the name of the
manufacturer, the product’s designation as well as heat number
e Testinstructions
e Deviations, if they exist, from the testing instructions;
e Test results, providing a description of the identified cracks;
e Testing location, testing date and operator name;
e Name, qualification and signature of the test supervisor.
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2.5. Magnetic Particle Testing (MT)

The magnetic particle testing allows the detection of superficial or sub-superficial imperfections through the application
of a strong magnetic field on the component.

This process is usually applied to magnetizable materials, and the detection sensitivity is usually larger than the liquid
penetrant testing. It is a very practical way of testing fillet welds in steel construction. Manual yokes are often used
for this application.

The conductivity for magnetic fields (permeability) is very high in steels which are commonly used for machine, steel
plant construction. Any imperfection, such as lack of fusion or cracks, create significant resistance to a magnetic field.
At such imperfection, the magnetic field escapes at the surface of the test piece (leakage flux). Extremely fine
magnetic particles, which are mixed to a paste in water and oil, show the location of the leakage flux and/or cracks
or lack of fusion.

Flux leackage field

Magnetic flux

Figure 1 - lllustrative image of the leakage flux that occurs above the defect (source: TUV Nord)

The magnetic particle also