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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental in liaison with ISO_also take part in the wark 1SQO collaborates clo

ly with the

Interpational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization

Intern

The
adop

main task of technical committees is to prepare International Standards. DraftsInternation
ed by the technical committees are circulated to the member bodies fer{voting. Publi

Interpational Standard requires approval by at least 75 % of the member bodies-casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the sub
rightg. ISO shall not be held responsible for identifying any or all such patent rights.

ational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, FPart 2.

al Standards
cation as an

ect of patent

ISO 16827 was prepared by Technical Committee ISO/TC 135, Non<destructive testing, Subcommittee SC 3,

Ultra

© IS0

bonic testing.
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Introduction

This International Standard is based on EN 583-5:2000+A1:2003, Non-destructive testing — Ultrasonic
examination — Part 5: Characterization and sizing of discontinuities.

The following International Standards are linked.

ISO 16810, Non-destructive testing — Ultrasonic testing — General principles
ISO 16811, Non-destructive testing — Ultrasonic testing — Sensitivity and range setting
ISO 16823, Non-destructive testing — Ultrasonic testing — Transmission technique

ISO 16826, Non-destructive testing — Ultrasonic testing — Examination for discontinuities perpendicufar to
the surface

ISO 16827, Non-destructive testing — Ultrasonic testing — Characterization and-sizing of discontinuities

ISO 16828, INon-destructive testing — Ultrasonic testing — Time-of-flightdiffraction technique as a method for
detection and sizing of discontinuities

vi © 1SO 2012 — All rights reserved
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Non-destructive testing — Ultrasonic testing —
Characterization and sizing of discontinuities

1 Scope

This locument specifies the general principles and techniques for the characterization and sizing|of previously
detegted discontinuities in order to ensure their evaluation against applicable acceptance” criteria. It is
applicable, in general terms, to discontinuities in those materials and applications coveredrby-1SO|16810.

2 ormative references
The following referenced documents are indispensable for the application™of this document. For dated
refergnces, only the edition cited applies. For undated references, theClatest edition of th¢ referenced
docupent (including any amendments) applies.

ISO 16810:2012, Non-destructive testing — Ultrasonic testing — Genéral principles
ISO 16811, Non-destructive testing — Ultrasonic testing — Sensitivity and range setting

ISO 16823, Non-destructive testing — Ultrasonic testing —<ransmission technique

ISO 16828, Non-destructive testing — Ultrasonic testing — Time-of-flight diffraction technique as|a method for
deteqtion and sizing of discontinuities

ISO 23279, Non-destructive testing of welds — Ultrasonic testing — Characterization of indidations in
welds

3 Principles of characterization of discontinuities
3.1 | General

Characterization of a discontinuity involves the determination of those features which are necgssary for its
evalyation with respectto known acceptance criteria.

Characterizationiofia discontinuity may include:

a) determination of basic ultrasonic parameters (echo height, time of flight);

b) detérmination of its basic shape and orientation;

c) sizing, which may take the form of either:

i) the measurement of one or more dimensions (or area/volume), within the limitations of
the methods; or

i) the measurement of some agreed parameter e.g. echo height, where this is taken as
representative of its physical size;

d) location e.g. the proximity to the surface or to other discontinuities;

e) determination of any other parameters or characteristics that may be necessary for complete evaluation;

© 1SO 2012 — All rights reserved 1
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f)

its manu

facturing history makes this feasible.

assessment of probable nature, e.g. crack or inclusion, where adequate knowledge of the test object and

Where the examination of a test object in accordance with the principles of ISO 16810 yields sufficient data on
the discontinuity for its evaluation against the applicable acceptance criteria, no further characterization is

necessary.

The techniques used for characterization shall be specified in conjunction with the applicable acceptance

criteria.

3.2 Requi

rements for surface condition

The surface
general the §

For most pra
surfaces are

The above s

The method

4 Pulse

41 Gene
The principd
evaluation by

The charactg
contractual d

4.2 Locat

The location
reference co

It shall be dg
angle of the
height is obs

Depending d
necessary tg
ensure that t

inish and profile shall be such that it permits sizing of discontinuities with the desired accuna
moother and flatter the surface the more accurate the results will be.

ctical purposes a surface finish of Ra = 6,3 um for machined surfaces and 12,5 um for shotb
recommended. The gap between the probe and the surface should not exceed.0)5 mm.

bf surface preparation shall not produce a surface that gives risedto a high level of surface ng

pcho techniques
al

| ultrasonic characteristics/parameters of a diseontinuity that are most commonly use
the pulse echo techniques are described in 4:2t0 4.7 inclusive.

ristics/parameters to be determined shalibe defined in the applicable standard or any rel
ocument, and shall meet the requireménts of 10.1 of ISO 16810:2012.

on of discontinuity

of a discontinuity is defined\as its position within a test object with respect to an agreed syst
ordinates.

termined in relation\to’one or more datum points and with reference to the index point and
probe, and measurement of the probe position and beam path length at which the maximum
erved.

Cy. In

asted

Lrface requirements should normally be limited to those areas from which)sizing is to be carried
out as, in gemeral, they are unnecessary for discontinuity detection.

ise.

d for

bvant

em of

beam
echo

n the geometry of the test object under examination, and the type of discontinuity, it m

ne-echo is not caused e.g. by a wave mode change at a geometrical feature of the test obje

y be

confirm* the location of the discontinuity from another direction, or with another probe angle, to

4.3 Orientation of discontinuity

The orientation of a discontinuity is defined as the direction or plane along which the discontinuity has its
major axis (axes) with respect to a datum reference on the test object.

The orientation can be determined by a geometrical reconstruction analogous to that described for location,
with the difference that more beam angles and/or scanning directions are generally necessary than for simple
location.

The orientation may also be determined from observation of the scanning direction at which the maximum
echo height is obtained.

© 1SO 2012 — All rights reserved
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In several applications, the precise determination of the discontinuity orientation in space is not required, only
the determination of the projection of the discontinuity onto one or more pre-established planes and/or
sections within the test object.

4.4 Assessment of multiple indications

The method for distinguishing between single and multiple discontinuities may be based on either qualitative
assessment or quantitative criteria.

The qualitative determination consists of ascertaining, through the observation of the variations of the
ultrasonic indications, whether or not such indications correspond to one or more separate discontinuities.
Figw +shows typibai U)\dlllpicb of b;ylldib from yluupcd discontinuitiesina fUIgilly Of bdbﬁllg.

Whefe acceptance criteria are expressed in terms of maximum allowable dimensions, preliminary quantitative
meagurements shall be made in order to determine whether separate discontinuities -are to be evaluated
individually or collectively according to pre-established rules governing the evaluation ©f the group.

Such| rules may be based on the concentration of individual discontinuities within the group, gxpressed in
termg of the total of their lengths, areas or volumes in relation to the overall length, area or vplume of the
group. Alternatively, the rules may specify the minimum distance between individual discontinuitigs, often as a
ratio pf the dimensions of the adjacent discontinuities.

deterine whether the echoes arise from a series of closely spaced but separate discontinuiti¢s, or from a
single continuous discontinuity having a number of separate, reflecting facets, using the techniques described
in Anhex A.

WhetF1 a more accurate characterization of a group of indications_is required, an attempt may be made to

4.5 | Shape of discontinuity
4.5.1| Simple classification

Therg are a limited number of basic reflector shapes that may be identified by ultrasonic tesfing. In many
case$ evaluation against the applicable~acceptance criteria only requires a relatively simple g¢lassification,
described in B.1. According to this, the discontinuity is classified as either:

1) point, i.e. having no significant extent in any direction;

) elongated, i.e. having-a significant extent in one direction only;

DO

3) complex, i.e. having a significant extent in more than one direction.
When required, this classification may be sub-divided into:

a) _Splanar, i.e. having a significant extent in 2 directions only, and

b) volumetric, i.e., having a significant extent in 3 directions.

Depending upon the requirements of the acceptance standard, either:

a) separate acceptance criteria may apply to each of the above classifications, or

b) the discontinuity, independently of its point, elongated or complex configuration, is projected on one or
more pre-established sections, and each projection is conservatively treated as a crack-like planar

discontinuity.

Simple classification will normally be limited to the use of those probes and techniques specified in the
examination procedure. Additional probes or techniques shall only be used where agreed.

© 1SO 2012 — All rights reserved 3


https://standardsiso.com/api/?name=45f8e70993e0902e0d22106043827e9b

ISO 16827:2012(E)

4.5.2 Detai

led classification of shape

In order to correctly identify the discontinuity types specified in the acceptance criteria, or to make a correct
fithess-for-purpose evaluation, it may be necessary to make a more detailed assessment of the shape of the
discontinuity.

Guidance on the methods that may be used for a more detailed classification is contained in B.2.
It can require the use of additional probes and scanning directions to those specified in the

examination procedure for the detection of discontinuities, and can also be aided by the use of the special
techniques in Annexes E, F and G.

Classification
are necessa
requirementg

and configuration of the examination object, examination procedure, type of instrumentation and probes.

4.6 Maxin

The maximu
comparison

Depending o

a) compare

b) used to
reflector
the sam

c) wused in

maximum, as described in 4.7.3.

4.7 Size @
4,71

The sizing
discontinuity

A short desc
4.7.2 Maxi

These techn
height from &

Gengdral

ry for the correct evaluation of a discontinuity against the acceptance criteria ,6n
. The validity of such a classification should be proven for the specific application, e.g-ma

hum echo height of indication

M echo height from a discontinuity is related to its size, shape and orientation. It is measur
vith a given reference level according to the methods described in ISO16811.

h the application and acceptance criteria the maximum echo height can be:

d directly with a reference level that constitutes the acceptance standard;

determine the equivalent size of a discontinuity by comparison with the echo from a refe
at the same sound path range in the material underéxamination, or in a reference block h

b acoustic properties, as described in 4.7.2;

probe movement sizing techniques based-\on a specified echo drop (e.g. 6 dB) beloy

f discontinuity

pf a discontinuity consists in determining one or more projected dimensions/areas o
onto pre-established directions and/or sections.

iption of these techniques is found in Annex F and further details are given in ISO 16811.
mum echo height techniques

ques are based on a comparison of the maximum echo height from a discontinuity with the
reference reflector at the same sound path range.

other

bd by

ence
aving

v the

f the

echo

They are only meaningfulif:

the shape and orientation of the discontinuity are favourable for reflection, hence the need to take echo

height measurements from several directions or angles, unless the shape and orientation are already

one or both directions;

a)

known; and
b)
c)

evaluated.
4

the dimensions of the discontinuity, perpendicular to the beam axis, are less than the beam width in either

the basic shape and orientation of the reference target are similar to those of the discontinuity to be
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The reference target may be either a disk-shaped reflector, e.g. flat-bottomed hole or an elongated reflector,
e.g. a side drilled hole or notch.

Discontinuities subject to sizing may be classified as follows:
i) discontinuities whose reflective area has dimensions less than the beam width in all directions;

ii) discontinuities whose reflective area shows a narrow, elongated form, i.e. having a length
greater than the beam width and a transverse dimension less than the beam width.

For d|scont|numes correspondlng to |) above the area of the dlscontlnwty, prOJected onto a sectlon normal to
I i C ; erpendicular to

the bpam axis, producmg a maximum echo of the same he|ght at the same sound path range

For discontinuities corresponding to ii) above, the reference reflectors are generally of elopgated form,
transjerse to the ultrasonic beam axis, and having a specified transverse profile. (Such reflegtors may be
notches with rectangular, U- or V-shaped profile, or cylindrical holes, etc.
4.7.3] Probe movement sizing techniques

When using an angle beam probe, the dimensions generally determined are:

i) dimension, /, parallel to the lateral scanning direction,ydetermined by lateral movement of the
probe (see Figure 2);

i) dimension, i, normal to the transverse scanning direction, determined by transverge movement
of the probe (see Figure 2).

When using a straight beam probe the dimensions.generally determined are /4 and /5, in directiorfs parallel to
the sganning surface, by probe movement in two mutually perpendicular directions (see Figure 3)

The techniques are classified into three categories, as follows:

1) fixed amplitude level techniques where the ends of a discontinuity are taken to corregpond to the
plotted positions at which.the echo height falls below an agreed assessment level;

TNEY
~

techniques where thé_edges of the discontinuity are taken to correspond to the plotteq positions at
which the maximum ‘echo height at any position along the discontinuity has fallen by an agreed
number of dB..Fhe edges of the discontinuity may be plotted along the beam axis or|along a pre-
determined beam edge;

3) techniques which aim to position the individual echoes from the tips of the discontinuity, or from
reflecting facets immediately adjacent to the edges.

The Trincipal probe movement sizing techniques are described in Annex D.

4.7.4 Selection of sizing techniques

The selection of sizing technique(s) depends upon the specific application and product type, and on the size
and nature of the discontinuity.

The following general rules apply:

a) maximum echo height techniques (see 4.7.2) may be applied only if the dimension to be measured is less
than the 6 dB beam width of the probe;

b) fixed amplitude level techniques (see 4.7.3 (1)) may be applied to discontinuities of any dimension, but
since the measured size is an arbitrary value dependent on the particular amplitude level selected, these
techniques should only be used when specifically called for in the acceptance standard;

© 1SO 2012 — All rights reserved 5
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c)

d)

e)

techniques based on probe movement at a specified dB drop below the maximum echo height from the
particular discontinuity (see 4.7.3 (2)) may be applied only where the measured dimension is greater than
the beam width at the same dB drop. If this condition is not fulfilled the dimension of the discontinuity
shall be assumed to be equal to the applicable beam width;

techniques based on positioning the individual edges of a discontinuity (see 4.7.3 (3)) can only be applied
when the ultrasonic indication from the discontinuity shows two or more resolvable echo maxima;

if the dimension to be determined is measured by more than one technique of 4.7.3 above, that value
measured by the technique whose reliability and accuracy can be demonstrated to be the highest shall be

assumed to be correct.

Alternatively) the highest measured value shall be assumed.

4.7.5 Sizinpg techniques with focusing ultrasonic probes

If focusing probes are used for sizing, the techniques described in 4.7.2 and 4.7.3 can also-be)Used, prov|
that the discontinuity falls within the focal zone of the beam. In general the rules given under 4.7.4 also
to focusing pfobes.

Where a higher accuracy of sizing is requested, an alternative technique can be used that is based o
construction pf a series of C-scan images of the discontinuity.

These are plptted through an iterative process of 6 dB drop steps, starting/from an initial plot correspond

ded
apply

h the

ng to

the 6 dB drgp from the maximum echo of discontinuity, down to the.step where the evolution of th¢ plot

correspondirlg to a 6 dB drop step is equal to, or less than, the 6 dB half-width of the ultrasonic beam.

In principle, this iterative technique can be used with both focused and unfocused ultrasonic beams,
where high dccuracy is required, it is particularly suitable for-use with focused beams. Annex E illustrates|
technique in petail.

4.7.6 Use ¢of mathematical algorithms for sizing

The main plrpose of the sizing techniques \illustrated in 4.7.2 and 4.7.3 is to compare the mea
discontinuity| size with acceptance levels, expressed in terms of maximum allowable dimension
areas/volumgs). Where a higher accuracy is required in order to better estimate the actual size
discontinuity| but only data from thestechniques described in 4.7.2 and 4.7.3 are available, mathem
algorithms mfay be of help.

Annex F illugtrates in detail algorithms that can be used for the estimation of the actual size of discontin
that are eithgr larger or smaller than the diameter of the ultrasonic beam.

4.7.7 Specjal sizingtechniques

applications Wwhere higher levels of reliability and accuracy are called for.

put
this

sured
5 (or
of a
atical

uities

techniques are additional to those described in 4.7.2 to 4.7.6 and may be used in partjcular

When required, the reliability and accuracy of a special technique, applied to meet specified acceptance
criteria, shall be demonstrated on the same configuration and type of material using the same examination

procedure and type of instrumentation and probes.

The following list of special techniques is not comprehensive due to the large number available and

their

continuous development. Those described are the most commonly applied and their use is sufficiently well

established.
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a) Tip diffraction techniques

These techniques can be used for the confirmation of the planar nature of a discontinuity (if this is the
case) and for sizing the transverse dimension ("h" of Figure 2) of a planar discontinuity. They are based
on the detection and location of the echoes diffracted by discontinuity edges;

b) mode conversion techniques

c) other special techniques

G.2 describes the principle and main characteristics of the SAFT.

5

5.1

The general principles and requirements of the transmission technique are given in ISO 16823.

The

Transmission technique

Where applicable these techniques can be used for detection and characterization of planar

discontinuities. They make use of mode conversion to generate an additional ultrasonic beam at a
different reflected angle and velocity when the plane of the discontinuity is oriented at the appropriate
aRgte-to-the-ineident-beam—incertaineases-these-techniques-can-alse-be-used-for-sizing; byt require the
Ise of special reference blocks representative of the test object to be examined, and conthining planar
eflectors of different sizes;

Dther examples of ultrasonic techniques for the sizing of volumetric and planar-discontinuitieg are:
acoustical holography;

acoustical tomography;

techniques using beams of variable angle;
synthetic aperture focusing techniques (SAFT); and

reconstruction of sectorial B-scan images.

General

following clauses deseribe some of the ultrasonic parameters and characteristics of thg transmitted

signdls that may be used;.either alone or in combination, to evaluate a discontinuity by this technijue.

5.2

Location of discontinuity

When usingsnermal beam probes, the location of a discontinuity is defined as the position on the surface of

the t
trans

st object, with respect to a two-dimensional co-ordinate system, at which the maximum| reduction in
Mitted signal amplitude is observed.

If it is practicable to direct ultrasonic beams through the area under investigation in two different directions, for
example by the use of pairs of angle probes as illustrated in Figure 4, the three-directional location of the
discontinuity may be determined.

5.3

Evaluation of multiple discontinuities

Whether a discontinuity is continuous or intermittent should first be determined qualitatively by observing
variations in signal amplitude as the probe is scanned over the discontinuity.

If the signal amplitude remains relatively constant the discontinuity can be classified as continuous and
evaluated as such against the acceptance criteria.

© IS0
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Conversely, if the signal amplitude shows marked maxima and minima the discontinuity may be classified as
intermittent. In this case, it is necessary to determine quantitatively whether the concentration of discrete
discontinuities within the affected area is sufficiently high to apply the size/area limitations imposed by the
acceptance criteria.

The concentration of discontinuities within the affected area may be expressed, for example, in terms of the
ratio between:

a)

b) the total

the dimensions (or area) of individual discontinuities and the distance between them;

length of discontinuities and a given overall length; and

c) the total

5.4 Redus
This parame

If the signal i
determined.

If there is on
amplitude re
obtained in a

If the area o
the ultrasoni
reduction in
representatiy

Where a reld

band of nu
semi-transpg

5.5 Sizing

The sizing of
the discontin
compared w
maximum al
discontinuity

area of individual discontinuities and a given overall area.

ction of signal amplitude

5 lost completely, the limits of the zone on the scanning surface over which this occurs shot

y partial loss of the signal, the position on the scanning surface, corresponding to the max
juction should be determined, together with the dB value of thie reduction compared to the s
zone free from discontinuities.

C beam, the size of the discontinuity normal to thexbeam may be estimated by matchin
amplitude with that due to a known reference “reflector, e.g. a flat-bottomed hole,
e sample of discontinuity-free material [see 5.5¢(a)].

merous small inclusions, an areaxof abnormal grain structure, a layer of ultrason
rent material, or a large discontinuity under high compressive stress.

of discontinuity

a discontinuity consists)in determining one or more dimensions (or the area) of the project
uity onto the scanning surface. In particular, the dimensions (or areas) so determine

owable dimensions (or areas), in order to assess the acceptability or unacceptability g

ues nMay be classified essentially in the following 2 categories:

er is taken into account whenever the signal amplitude falls below the specifiedievaluation Igvel.

Id be

mum
ignal

n the scanning surface, affected by the signal reduction;is less than the cross-sectional area of

g the
in a

tively constant partial reduction in signabkamplitude is observed over a zone significantly gfeater
than the area of the ultrasonic beam, it is probable ‘that the discontinuity may take the form of, for exam

Dle, a
ically

on of
| are

th the applicable“acceptance standards, whenever these standards are expressed in ters of

f the

es-based on the comparison of the maximum amplitude reduction of the signal with resp

bct to

mum amplitude reduction of an equivalent retlector. Adoption of these techniques 1or the siz

ng is

limited to the case where the dimension (or area) of the zone on the scanning surface corresponding to
the signal amplitude reduction below the evaluation level is less than the probe dimension (or area)
projected on the scanning surface.

In this case, the maximum amplitude reduction of the signal with respect to the signal amplitude in a zone
free of discontinuities is determined, together with the reflector, generally a flat-bottomed hole
perpendicular to the beam axis located at a given depth (e.g. half thickness), producing the same

m reduction in the transmitted signal amplitude.

The dimension (or area) of the discontinuity, projected on a plane perpendicular to the beam axis, is
assumed to be the same as the dimension (or area) of the flat-bottomed hole;

Sizing techni
a) techniqu
the max
maximu
8
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b) techniques based on the amplitude reduction of the signal in conjunction with probe movement. These
techniques consist of determining the zone on the scanning surface corresponding either to the loss of
the signal or to its amplitude reduction in comparison to a given value (most frequently 6 dB) with respect
to the signal amplitude from a zone free of discontinuities.

Values other than 6 dB may be used when specified by the referencing documents, particularly when
evaluating discontinuities which are partially transparent to ultrasound.

The extent of the zone so determined is assumed to be the extent of the discontinuity projection on the
scanning surface.

Since-the—transmission—technique—is—mostfrequentyused—for—detecting—eomparativetytarge—discontinuities,
wherg the required sizing accuracy is relatively low, the techniques described under b) above,arejadequate for
most|of applications. In this context, the data collected by the techniques described under a)\abgve constitute

a reference that may be used to ensure the reproducibility of the examination, rather than the |basis for the
direcf sizing of discontinuities.

i !

Key
I Pignal height
I Time of flight

a) Resolvable(grouped discontinuities b) Unresolvable grouped discontinuities

Figure 1 —<;Examples of A-scan signals from grouped discontinuities in a forging or gasting
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N
S

Key

1  Transvefse movement
2 Lateral mhovement

Figure 2 - Projected parameters / and / for the conventional sizing of a discontinuity by an ang
beam probe

e

Key
| Probe movement
I Probe movement

Figure 3 — Parameters /, and /, for the conventional sizing of discontinuity by a straight beam probe

10 © 1SO 2012 — Al rights reserved


https://standardsiso.com/api/?name=45f8e70993e0902e0d22106043827e9b

ISO 16827:2012(E)

R

Figure 4 — Location of discontinuities by transmission technique using angle propes

The discontinuity lies at the intersection of the two beam paths 4,4, and B;Bx; at which the maximum reduction
in trapsmitted signal amplitude is observed.
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Annex A
(normative)

Analysis of multiple indications

Some of the techniques which may be used to distinguish between intermittent and continuous discontinuities
are described below.

Techniques

angle probe [examination is practicable. Technique A.3 is of wider application but limited with respectt
minimum arga of discontinuities that can be evaluated.

A.1 Later

For discontin
frequency of
discontinuity

Marked dips
should be co
the echo hei
other respon

A.2 Transyverse (Through-thickness) characterization

Careful trans
sound path r

Significant di
Where acces
built up by f

scanning su
technique is

A.3 Shads

This technid
approximate

It is illustrate

.1 and A.2 are particularly applicable to welds but may be adapted for other applications)V

| characterization

uities showing a single, sharp, A-scan indication, the scanning direction,"beam angle, siz
the probe should be selected to give the narrowest practical beam width at the distance
and a careful lateral scan should be carried out under uniform coupling conditions.

in the echo height envelope along its length suggest that the discontinuity is intermittent
nfirmed by carrying out swivel and orbital scans adjacent to‘the”apparent breaks, and notin

ght falls rapidly about the normal and that no significanf\secondary echoes are observed
e suggests that the apparent break is due to a change inateral orientation.

verse scans should be carried out across the discontinuity, from at least two directions at
bnges, and the form of the echo envelope«shall be noted.

s permits, it is recommended ‘that a composite through-thickness picture of the discontinu

faces on either side of the discontinuity, and high plotting accuracy, are necessary i
o be of value.

pw technique

ue is useful when the dimensions of the discontinuity, or group of discontinuities
y equal to.the beam width.

d for,angle probes in Figure A.1, but is equally applicable to normal beam probes, either

vhere
o the

and
f the

This
) that
Any

short

ps, or complete breaks, in the echo-ehvelope suggest that the discontinuity may be intermittg¢nt.

ty be

lotting all the echoes observed from a number of different directions and angles. Smooth flat

f this

are

Lsing

separate trar

smitting and receiving probes, or monitoring variations in the back wall echo height.

A strong transmitted signal through the affected area is positive proof of the absence of a major discontinuity.

The amplitud

e of the transmitted signal is linked to the ratio of the discontinuity area to the beam area.

The resolution of all the above techniques may be improved by the use of focusing probes having a focal
length close to the sound path range of the discontinuity.

Since the through-thickness dimension of a discontinuity is generally of critical importance, it should be
assumed to be continuous unless there is conclusive evidence that it is intermittent in this direction.

12
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[4M]

Nt

Key

1 Transmission signal

2  A-scan

3  Intermittent discontinuity
4 INo transmitted signal

5 Continuous discontinuity

Figure A:1'— Shadow technique for distinguishing between continuous and intermittent

discontinuities
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B.1 Simpl

B.1.1 General

The simple

significant e
extent" is de
beam width,

In the context of this International Standard the principal discontinuity shapes are defined as follows:

point: nd
elongats

large: §
(volume

Either of the following techniques (see clauses B.1.2 and\B1.3) may be used to assess whetheg

discontinuity
perpendiculd
direction) for
imperfections

B.1.2 Recd

For each sc4d
from the disq
those images

B.1.3 Echg

For each scanning movement, the shape of the A-scan indication from the discontinuity, and its variat

echo height
smoothly to
significant ex

Annex B
(normative)

Techniques for the classification of discontinuity shape

e classification

tent in any one or more direction(s). In the context of this International Standard, the'term "s
ned as a dimension larger than the minimum measurable dimension, when taking. into acg
and resolution of the probe at the beam path range of the discontinuity.

significant extent in any direction;
d: significant extent in one direction only;

ignificant extent in either 2 perpendicular directions, (planar), or 3 perpendicular dire
ric).

has a significant extent. Both involve scanningythe discontinuity from 2 scanning directions
r to the other, and using 2 probe movements (perpendicular and parallel to the sca
each scanning direction (see Figure B.1).(An example of a procedure for the characterizat
5 in welds is found as a flow chart in 1S©.23279.

nstruction technique
nning movement, an imageof\the discontinuity is reconstructed by plotting a series of indica
ontinuity over which the (echo height exceeds the evaluation/recording level. The dimensid
are then compared with the minimum measurable dimension noted in B.1.1.
envelope technique

vith probé movement, is observed. A discontinuity that shows a single sharp indication that

a maximum amplitude, before falling smoothly to the base line, is classified as havin
tent.

lassification of discontinuity shape is based upon determining whether the discontinuity has a

gnificant
ount the

tions

r the
, one
nning
on of

tions
ns of

on in
rises
g no

All other types of indication, €.g. multiple peaks on the A-Scan presentation, or irregular variation in echo
height with probe movement, are considered to be characteristic of discontinuities with a significant extent.

B.2 Detail

ed classification

B.2.1 General

The techniques described below are applicable when a more accurate estimate of the shape and nature of

discontinuity,

14

with respect to B.1, is required.
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In this type of evaluation it is important to construct a picture of the type and size of the discontinuity which is
consistent with all the measurements obtained. Where significant discrepancies are found which cannot be
resolved, the type of discontinuity having the most severe acceptance criteria, and the most pessimistic values
of discontinuity size, should be reported.

The basic discontinuity types and shapes which possibly may be distinguished are as follows:

1 point a) spherical,
b) planar;

P-etongated aj-eylindricat:
b) planar;

B large a) volumetric;

b) smooth planar;
¢) rough planar;
 multiple a) spherical,

b) planar.

This fist should not be regarded as a list of discontinuities for acceptance purposes, but rathgr as a list of

shapes, the identification of which may aid the correct classification of the discontinuity types specified in the
discontinuity acceptance standard.

Thre¢ techniques may be used in combination toidentify these shapes and determine their orienfation. These
are bpsed on:

a) eéchodynamic patterns (see B.2.2);
b) directional reflectivity (see B.2.3);

c) additional parameters, e.d. location, orientation, multiple indications (see clauses 4.2, 4.3 and 4.4).
B.2.2 Echodynamic pattern technique

The pchodynamic-pattern of a discontinuity is the change in shape and amplitude of its edho when an
ultragonic beam is.fraversed across it.

The ¢bserved echodynamic pattern is a function of the shape and size of the discontinuity, the probe in use,
and the scanning direction and angle.

Discontinuities should be scanned, with each probe, in two mutually perpendicular directions, I.e. both along
and across the discontinuity, and the pattern in each direction should be noted. Scanning from additional
directions and with other probes will give useful additional information.

Typical echo responses of the different types of discontinuities as listed in B.2.1 are shown in Figures B.2 to
B.5.

Pattern 1
A typical response of a point discontinuity is shown in Figure B.2. At any probe position the A-scan shows a

single sharp echo. As the probe is moved this rises in amplitude smoothly to a single maximum before falling
smoothly to noise level.

© 1SO 2012 - All rights reserved 15
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In general, echo-dynamic pattern 1 is indicative of a single reflecting surface in the direction along which the
ultrasonic beam is traversed. This surface may be curved (i.e. spherical or cylindrical) or, alternatively, it may
be flat and either smooth or rough, but too small to produce either a pattern 2 response or a pattern 3
response.

Pattern 2
A typical response of an elongated smooth discontinuity is shown in Figure B.3. At any probe position the

A-scan shows a single sharp echo. When the ultrasonic beam is moved over the discontinuity the echo rises
smoothly to a plateau and is maintained, with minor variations in amplitude of up to 4 dB, until the beam

moves off the discontinuity, when the echo will fall smoothly to noise level.

Pattern 2 is inpdicative of a larger reflecting surface, equal to or greater than the approximate 6 dB beam
and lying agproximately perpendicular to the beam axis in the direction being scanned. For_éxamj
cylindrical reflector would show pattern 1 across its diameter, and pattern 2 along its length, As’ a se

vidth,
le, a
cond

example a laminar plate discontinuity, examined with a normal beam probe, would show pattern 2 in| both
directions.
Pattern 3
Typical resppnses of a large rough discontinuity are shown in Figures B.4.a)<and B.4.b). There ar¢ two

variants of th

When either
Figure B.4.a
moved this 1

reflection from different facets of the discontinuity, and by random-interference of waves scattered from g

of facets).

When the dig
valid. At any
bell-shaped

is pattern, depending upon the angle of incidence of the probe beam’on the discontinuity.

by a normal beam or an inclined beam the discontinuity is been hit perpendicularly
is valid. At any probe position the A-scan shows a single but ragged echo. As the prg
nay undergo large (>16 dB) random fluctuations in amplitude. (The fluctuations are cause

continuity is been hit with oblique incidence,.then the "travelling echo pattern” in Figure B.4.

then
be is
d by

foups

probe position the A-scan shows an extended train of signals ("subsidiary peaks") wi

rising to its qwn maximum towards the centre of.the envelope, and then falling. The overall signal may show
large (> 6 dB) random fluctuations in amplitude.

Pattern 3 is |ndicative of a rough or irregularly shaped discontinuity which consists of a number of digcrete
reflecting fagets. An example would/be~a large rough-surfaced crack. It is an important characterisfic of
pattern 3 that each individual peak~within the overall echo reaches its maximum height in sequence, giving
rise to a "rolling echo".

Pattern 4

A typical regponse of~a multiple discontinuity with a normal beam and angle beam probe is shoyn in
Figure B.5. At any probe position the A-scan shows a cluster of signals which may or may not be well resplved
in range. Ag the probe is moved the signals rise and fall at random but the signal from each separate
discontinuity [element, if resolved, shows pattern 1 response.

Pattern 4 is indicative of a cluster of small, randomly distributed reflectors, and differs from pattern 3 in not

showing the '

'rolling echo" effect.

The use of these echo dynamic patterns in combination, and in conjunction with the information on directional
reflectivity and other parameters is considered in B.3.

16
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B.2.3 Directional reflectivity

This term is used to describe the variation in echo amplitude from a discontinuity in relation to the angle at
which the ultrasonic beam is incident upon it.

Discontinuities which show relatively constant echo heights over a wide range of incident angles are said to

have

a low directional reflectivity, and vice versa.

The echo height from a discontinuity depends upon its size, orientation and surface contour. By measuring the

echo
poss
direc

reflegtivity is likely to be a large smooth reflector lying perpendicular to the beam angle at which

echo

The

of its

B.3

Meta
beam
echo
accu

Tablg
B.2.1

The

maximum echo height is obtained, the. orientation being perpendicular to the beam axis.

The

close
betw

ble to obtain information about these characteristics. For example, a flaw which show:
ional reflectivity is likely to be spherical. Conversely, a discontinuity which shows a yéery hi

height was observed.

length can be made by noting the directional reflectivity in the lengthidirection.

Combination of data
lurgical discontinuities can have complicated shapes and give rise to complicated echo beh

Hynamic patterns and directional reflectivity supplefmented, in the case of large discontin
ate location of its individual facets or the extremities of its surface.

B.1 summarizes all features of the typical responses of all discontinuity types and shap
to combine the results of the classification:according to B.2.2 and B.2.3.

brientation of small planar discontinuities is generally determined by noting the beam angle

to it, generally show)a maximum echo height from both directions when the incid
pen 40° and 50°.

Table B.1 — Guide to detailed classification

height) it is
a very low
h directional
€ maximum

Hirectional reflectivity of very small flat reflectors is relatively low and increases with the size of the
reflegtor until it approaches the ultrasonic beam width. This effect can be uséd)to help estimate
discontinuity. For example, when carrying out an orbital scan of a short weldJinclusion, a qualitg

the size of a
tive estimate

aviour as the

is scanned over them. Nevertheless, it is possible in most cases to identify the basic slape from its

lities, by the

ps defined in

at which the

pjreater the number of anglés)from which the discontinuity is examined the greater will be Ime accuracy.
Discagntinuities that lie perpendicular to the surface of test object, and either break the surfac

or are very
ent angle is

Shipe/Type Echodynamic patterns Directional reflectivity Remarks
Transverse Lateral
movement movement
Point spherical Pattern 1 Pattern 1 Very low Point location
Point planar Pattern 1 Pattern 1 Moderate Point location only
Elongated Pattern 1 Pattern 2 Very low in transverse Point location by
cylindrical plane. High in lateral transverse movement
plane (see note)
Elongated planar | Pattern 1 Pattern 2 Moderate in transverse Ends may be individually
plane. High in lateral located by lateral
plane (see note) movement

© 1SO 2012 — All rights reserved
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Table B.1 (continued)

Shape/Type Echodynamic patterns Directional reflectivity Remarks
Transverse Lateral
movement movement
Large volumetric | Pattern 3 Pattern 2 or Moderate in transverse Approximate outline
pattern 3 plane. Moderate in lateral | generally possible
plane (see note)
Large smooth Pattern 2 Pattern 2 Very high Ends may be individually
planar located
Large rough Pattern 3 Pattern 3 Moderate Location of indiviflual
planar facets and.ends generally
possible
Multiple Pattern 4 Pattern 4 Very low Location of edges of
spherical cluster generally possible
Multiple planpr Pattern 4 Pattern 4 Moderate
NOTE THe transverse and lateral planes are defined as follows:

Transverse plane - perpendicular to the major axis of the discontinuity, or to a specified.direction;
Lateral plane { parallel to the major axis of the discontinuity, or at right angles to the transverse plane.

18
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Key

1 Discontinuity

2 $canning direction 1
3  Probe movements
4  $canning direction 2

Figure B.1 — Probe movements and scanning directions for simple classification of dis¢ontinuity

shape when using angle probes
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Amplitude
A-scan
Range
Variation in peak signal amplitude
Probe pgsition

Reflector
Weld
Typical pccurrence in through-thickness direction
Typical pccurrence indlateral (length) direction

Figure B.2 — Pattern 1 ultrasonic response
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A

Amplitude

\-scan

Range

ariation in peak signal amplitude
Probe position

Reflector

Typical occurrence in through-thickness direction

Typical occurrence in lateral{length) direction

Figure B.3 — Pattern 2 ultrasonic response
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Amplitug
A-scan
Range

e

Variation in peak signal amplitude

Probe p
Reflecto]
Typical
Typical

hsition
.
bccurrence in through-thickness direction
bccurrence in lateral\(length) direction

a) Pattern 3b ultrasonic response
Normal incidence to discontinuity
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Amplitude

A-scan

Pulse envelope

Range

Variation in peak signal amplitude

Probe position

Reflector

Reflector with through-thickness extent

lypical occurrence in through-thickness direction
l'ypical occurrence‘in-lateral (length) direction

b) Pattern 3b ultrasonic response

Oblique incidence to discontinuity

Figure B.4 — Patterns 3a and 3b ultrasonic response
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Amplitude
A-scan
Range
Variation in peak-signal amplitude
Short rahge echoes

Long range echoes

Probe position

Typical occurrence in through-thickness direction
Typical occurrence in lateral (length) direction

Figure B.5 — Pattern 4 ultrasonic response
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Annex C
(informative)

Maximum echo height sizing technique

C.1 Distance-gain-size (DGS) technique

CA.

In this technique the maximum echo height from a discontinuity is expressed in terms~of*tHe equivalent
diameter of a disk reflector perpendicular to the beam axis and at the same sound path range af the

discontinuity being measured. DGS curves showing the relationship between echo height, range|and reflector
diameter are generally determined theoretically for a particular probe type, transducér-diameter, gnd ultrasonic
frequency.

When applying a DGS diagram, an allowance has to be made for the effects-0n echo height of differences in
attenpation and transfer loss between the test object under examinationtand the calibration blogk. Details of
how the technique is applied are contained in ISO 16811.

C.1.2 Applications and limitations

1) The smaller and smoother the discontinuity, and the‘more nearly perpendicular it is to the beam axis,
the more accurate the measured equivalent sizewill be;

2) when testing at long ranges, the techniquehas the advantage over the DAC technigpe that large
calibration blocks are not required,;

3) its range of application extends «from the end of the near field as far in the magerial as the
discontinuity signals can be distinguished from the noise level. The following conditions shall be met:

the signal from the disgontinuity shall be maximized;
the indications utilized for the sizing shall be distinguishable from the noise level;

the indication) from the discontinuity shall not be subject to interference effects from other
echoes, é:g. reflections from the sides of the test object under examination;

4) the geometry of the test object under examination, or of a suitably representative sample of material,
should provide a back wall echo which can be used to determine material attenuation|and transfer
loss;

iR
~

since the echo height from a reflector is frequency dependent, only narrow band width probes should
be used:

C.2 Distance-amplitude-correction (DAC) curve technique

C.2.1 Principle

The technique is based on expressing the maximum echo height from a discontinuity in terms of the number
of dB it is above or below the echo from a reference target at the same range. The reference targets may be
side-drilled holes, flat-bottomed holes, or other shapes, e.g. square or V-shaped notches, when specified.

A DAC curve, showing the relationship between echo height and range, is determined experimentally for the

actual probe to be used for evaluation. It is plotted on a series of targets, either in a machined low attenuation
calibration block, or in a representative sample of the material to be examined. If the former is used, allowance
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should be made when applying the technique for differences in attenuation and transfer loss between the test
object under examination and the calibration block.

When used as a direct sizing technique, the maximum echo height from the discontinuity is expressed in
terms of the same width, diameter, or other relevant dimension, as that of the reference target giving the same
maximum echo height at the same range. Further details of the technique are contained in ISO 16811.

C.2.2 Applications and limitations

1) The range over which the technique may be applied depends upon the type of reference target.
When using flat-bottomed holes or other small reflectors, the technique can only be used outside the
neay-zone: HUVVCVCI, VV;IUII Ub;llg ciuuyatcu' tdlyctb, c.y. biu'u-u'li”cu' ilUiGb, ti 1< tcbhlliquc cdall di)O be
usefl within the near zone;

2) the pcho from the discontinuity to be sized shall be maximized;
3) the PAC curve shall be plotted for the probe to be used;
4) whgn using a calibration block, as distinct from a representative sample of material, the geomdtry of

the | test object under examination should provide a back-wall echofor the determinatipn of
attehuation and transfer loss.
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Annex D
(normative)

Probe movement sizing techniques

D.1 Fixed amplitude level techniques

D.1.

The technique measures the dimensions of a discontinuity over which the echo is equal tocoer gr¢ater than an

agregd amplitude assessment level. The amplitude level may be related to a DGS curye or ma
dB lejvel in relation to a DAC curve.

ake a measurement the beam is scanned over the discontinuity and the probe position an
, at which the echo has fallen to the assessment level, is noted. The, position of the

Altermpatively, the position of the edge of the discontinuity may be plettéd along the 12 dB or 20 dB
as illystrated in Figure D.2.

Whichever procedure is used it shall be repeated to position the opposite edge of the flaw.
D.1.2 Application and limitations
1) The measured size depends on the amplitude assessment level;

) the technique is simple to apply andLgives highly reproducible values;

DO

3) the technique may be applied\to large or small discontinuities but, in the latter case, t
length is more closely related to the beam width than to the actual discontinuity size;

4) the assessment level must be set equal to or below the amplitude level at which a di
infinite length is acceptable.

D.2 |6 dB drop from maximum technique
D.2.1 Principle

The amplitude assessment level in this technique is 6 dB below the maximum echo height obs
position-along the flaw, rather than at a constant, predetermined level as used in the previous tec

be at some

d beam path
edge of the
ple shown in

beam edge,

he measured

scontinuity of

erved at any
nique (D.1).

To make a measurement the maximum echo height is first measured and then the beam is scanned over the
discontinuity until the echo has fallen by 6 dB below this maximum. The position of the probe and the sound

path range are noted, and the edge of the discontinuity is plotted along the beam axis. The
repeated at the opposite edge of the discontinuity. The technique is illustrated in Figure D.3.

D.2.2 Application and limitations

procedure is

1) Where the discontinuity is perpendicular to the beam axis, where its surface is smooth, and where its
cross- section is equal to or greater than the beam, such that it gives a relatively constant echo
height along the direction to be measured, the technique can be used to measure its size with a

relatively high degree of accuracy.
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If, however, the discontinuity is irregular or of varying cross-section, significant sizing errors may
occur;

2)
leas

D.3 12dB

t equal to the 6 dB beam width at the relevant sound path range.

or 20 dB drop from maximum technique

D.3.1 Principle

the technique is only applicable where the dimension of the discontinuity to be measured is at

The amplitude assessment level is set at either 12 dB or 20 dB below the maximum echo height observed at

any position
edge of the ¢
the maximun
until the ech
noted and t
appropriate (

D.3.2 Appl

1) If th
dire
it is
targ
rest

the
acc
pos

3) the

equ
D.4 Drop

D.4.1 Pring

This techniqlie measures the dimensions of a discontinuity over which the echo can be observed abo

background

To apply thg

beam path rgange noted\at which the indication is only just discernable above the noise level. The edge

discontinuity

The procedu

jcation and limitations

along the discontinuity. It also differs from the 6 dB drop from maximum technique in tha
iscontinuity is positioned along the beam edge instead of the beam axis. To apply the_fech
h echo height from any position along the discontinuity is noted and the beam scanned o
b height falls by either 12 dB or 20 dB. The position of the probe and beam path-fiange are
ne edge of the discontinuity is positioned along the 12 dB or 20 dB edge-of ,the bear
see Figure D.4). The procedure is repeated to position the opposite edge.

e discontinuity is perpendicular to the beam axis and shows a uniform echo height alon
ction to be measured, the technique can be used to determine its’absolute dimensions. How
important that the edges of the beam have been previously\plotted using a smooth refe
et larger than the beam width. If these conditions do not apply the technique will give inaca
Its and is not recommended;
technique is potentially more accurate than thex6dB drop technique but the need tq
irately the beam edges before taking any measurements can introduce another sour
Sible sizing error;

technique is only applicable where the dimension of the discontinuity to be measured is at
al to the —12 dB or -20 dB beam widthatthe discontinuity distance.

o noise level technique

iple

noise level.

is thenplotted along the beam axis, as illustrated in Figure D.5.

re-is repeated to determine the position of the opposite edge of the discontinuity.

D.4.2 Appl
1)

ication and limitations

t the

nique
ver it

then

N, as

g the

ever,
ence

urate

plot

ce of

least

e the

technique,_the-ultrasonic beam is scanned over the discontinuity and the probe position and

bf the

The technique is not very reproducible, as the measured size will decrease with an increasing noise

level, and vice versa. However, it is useful for determining the overall size of a discontinuity, or group
of discontinuities, especially when the noise level is high in relation to the echoes from the
discontinuity;

2)
the

3)

28

risk of undersizing a particular discontinuity;
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D.5 6 dB drop tip location technique

D.5.1 Principle

This technique differs from the 6 dB drop technique in that the echo height local to each end of the

discontinuity is taken as the reference value on which the 6 dB drop is based.

To apply the technique the beam is scanned over the discontinuity and note is made of the echo height just

prior to its rapid fall as the beam passes over the edge of the discontinuity.

The position of the probe and the beam path range are then recorded at the point where the echo height has

fallef by 6 dB below the nofed value. The position of the line of the discontinuity 1S then plott
beam axis. The procedure is repeated at the opposite edge, working from the maximum
immagdiately adjacent to this edge. The technique is illustrated in Figure D.6.

D.5.2 Application and limitations

d along the
echo height

beam axis, which do not show rapid changes in echo height along.the direction to
Under these conditions it can measure discontinuity size to relatively-high degree of acc

3

2) the technique is better able to accommodate variations insecho height along the di
measured than the 6 dB drop from maximum. However, it\is'more subjective in its appli
not always easy for the operator to decide the echo height level on which the 6 dB dr
based;

beam width at the range of the discontinuity.

D.6 |Beam axis tip location technique

D.6.1 Principle

The fechnique is based on the principle than when an individual peak, within the overall
discontinuity, is at maximum amplitude, the facet of the discontinuity giving rise to that peak V
bean axis. The procedure is repeated to position the opposite edge.

The technique is illustrated.in’Figure D.7.

D.6.2 Application’and limitations

degree’of accuracy;

2)c.it'is only applicable to discontinuities having dimensions above the range resolution of th

measured.
racy;

1) The technique is only applicable to relatively smooth surfaced discontinuities, perpen%icular to the

ection to be
cation as it is
bp should be

3) the technique is only applicable where the dimensions to be measured are at least equal to the 6 dB

bcho from a
vill lie on the

1) The technique is capable of determining the actual discontinuity dimensions to a relatively high

e probe, and

or-more—amplitndepeake-aoithar an tha A _coan Aracantatinn Ar Alana tha A

(i.e. echo-dynamic patterns 3 or 4. See B.3);

ohu‘v‘vllly t‘v.v'c OT—TTTOoTT ulllplltuuu [SATA=LA eHReroehR—thre—-/—Seah ProsStmatior— o aromng—ric vuho envelope

3) the application of the technique requires experience and judgement in choosing the most suitable
angle of incidence and in identifying the correct peaks from the edges of the discontinuity. The

accuracy of the technique may be reduced if access for scanning from the optimum
restricted.
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D.7 20 dB

drop tip location technique

D.7.1 Principle

The technique is basically similar to the beam axis tip location technique except that the 20 dB beam edge is
used to position the edge of the discontinuity.

To apply the technique the individual peak, within the overall echo, from the tip of the discontinuity or the last
reflecting facet adjacent to its edge, is first identified. This peak is then maximized and probe movement
continued away from the edge until its echo height has fallen by 20 dB below its maximum value. The position
of the edge is then plotted out along the 20 dB edge of the beam that has been previously determined.

The technique is illustrated in Figure D.8.

D.7.2 Appljcation and limitations

1) The

degfee of accuracy;

2) itis
am
pat

technique is capable of determining the actual discontinuity dimensions (fo-a relatively

applicable to all discontinuities above the range resolution of the probe,-and showing two or
litude peaks, either on the A-scope presentation, or along the echoyenvelope (i.e. echodyrn
rns 3 or 4. See B.3);

high

more
amic

3) the |20 dB beam edge shall be plotted using a series of smalkcircular reflectors, such as 1,5 mpm or

3m

4) this
acc
errg

5) the
ang

m diameter side-drilled holes;

is potentially the most accurate technique for sizing‘multi-faceted discontinuities, but the ng
irately plot the beam edge before taking any measurement is an additional possible sout
r compared to the beam axis tip location technique;

application of the technique requires experience and judgement in choosing the most su
e of incidence and in identifying the individual peaks from the edges of the discontinuity.

ed to
ce of

table
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Transverse movement

Calibration curve

\ssessment level

Mlax echo

ositions and respective~echo amplitudes of dB drop

Figure D.1 — Fixed amplitude level technique using the beam axis
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A Lateral movement
B  Transvefse movement

C « B =1 dB beam width (for 12 dB drop)
or 20 dB beam width (for 20 dB drop)
D Maxecho
E Calibration curve
F 12 (or 20) dB
1, 2 Position$ and respective_écho amplitudes of dB drop

Figure’D.2 — Fixed amplitude level technique using the beam edges

32
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6dB

Key
A lateral movement

B Transverse movement
C Maxecho

1,2 PRositions and respective echo amplitudes of dB drop

Figure D.3 — 6 dB drop from maximum technique
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D
E

1, 2 Position$ and respective echaiamplitudes of dB drop

34

Lateral 1

Transve

05,,3= 17
Off

Max ech
12 (or 2

hovement
F'se movement

P dB beam width (for 12 dB drop)
20 dB beam width (for 20 dB drop)

(0]
D) dB

Figure’'D.4 — 12 dB or 20 dB drop from maximum technique
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B |
c 1
1,2H

Probe movement

Mlax echo

Noise level

Positions and respective echoamplitudes of dB drop

Figure D:5= Drop technique to noise level (illustrated for a straight beam probe)
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Measure

6dB

Variatio
Reflect
Directio
A-scan

e || || 1 } |4

— (4-6) dB

Il e
5

5 usas

b

A4dB
4,dB

d reflector length

in peak signal amplitude

of probe movement

Figure D.6 — 6 dB drop tip location technique
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X
xg
=

Key
1 [Echo 4 at maximum height
2 ariation on peak signal amplitude
3 [cho 44 at maximum height
4  A-scan
5 [Echo 4 will be the first to appear when moving probe backwards.
lEcho 44 will be the first to appear when moving probe forwards.
NOTE Discontinuity edges 4"and 44 are plotted along the beam axis when their individual echoes arg at maximum
height.

Figure D.7 — Beam axis tip location technique
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AN
e

20 dB NS

20dB

Echo 4 It 20 dB below maximum height

Variatio

on peak signal amplitude

Echo 44[at 20 dB below maximum_height

A-scan
20 dB edige

NOTE Dipcontinuity edges”4yand 4 are plotted along 20 dB beam edges.
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Figure D.8 — 20 dB drop tip location technique
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Annex E
(normative)

Iterative sizing technique

E.1 Scope

This annex describes a tprhniqup llqing a fnr‘lleing pmhp for ||Itmennir‘ally neepeqing the dimensions of a
reflegtor to a relatively high degree of accuracy. It is applicable to tests made at normal incidgnce using a
vertidal beam probe, or at oblique incidence using an angle probe.

E.2 |[Normal incidence testing

E.2.1 Principle

The $ize and shape of the reflector are assessed from a series of C-scantype images plotted| at threshold

leveld

of —6 dB, —12 dB, —18 dB etc., in relation to the maximum echo height from the reflector.

The threshold levels may be set in various ways, for example by marking the different levels on th

ScCreg

The s
the re

E.2.2

The
meas

L
y

E.2.

One

n or, as described below, by successive 6 dB increases in.the gain of the instrument.

canning pitch and scanning speed shall be set in relation to the effective size of the ultrason
quired accuracy of plotting.

) Adjustment of gain

nstrument gain is initially set such that*the maximum amplitude of the echo from the re
ured reaches a reference level N, lying‘between 20 % and 80 % of full-screen height.

b Procedure

possible method of plotting the reflector is described below:

The gain is increased by 6(dB above the reference level N, up to a new value of N,, and the fu

refled
autor
echo
by a
6 dB

Situd

natically, by noting_the positions of the transducer axis on a plane of rectangular co-ordina
height reaches reference level N4. The plotting procedure is repeated after the gain has be
further 6 dBjup to value N,. The plots at Ny and N, are then assessed in relation to each g
beam profile’ of the probe. The following situations may then be observed:

tion.1

tor is scanned in\thé x- and y-directions. The results of the scans are plotted, eithef

e instrument

¢ beam, and

flector to be

| area of the

manually or
es when the
Een increased
ther and the

At gain level N the plot reproduces the 6 dB beam profile of the probe [see Figure E.1.a)]. In this case, either:

a) the reflector is smaller than, or equal to, the 6 dB beam profile of the probe; or

b) the reflective zone of the reflector at the given gain setting N,, is smaller than the 6 dB beam profile.

The plot at gain setting N, allows these two possibilities to be resolved since, if the increase in size around the
periphery of the plot between gain settings N, and N, is not greater than the 6 dB half-width of the beam, the
hypothesis (a) above applies.
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If the increase in size around the periphery, at gain setting N5, in greater than the 6 dB half-beam width, it
indicates that additional less reflective zones have been revealed, which have contributed to new images
plotted. In this case, the reflector has to be considered under situation 2 (b) below.

Situation 2

At gain level N, the plotted size of the reflector exceeds the 6 dB beam profile of the probe. In this case
either a) or b) below apply.

a) the increase in size around the periphery of the plot between gain settings N, and N, is not greater than
the 6 dB half-beam width of the probe. In this case the size of the reflector in the plan concerned is

odta-be-aiven-bvthae-nlat-atth AL lavial la ioiea T 4 W\
assumegtooe Yo Uy e o at T IV IO VeT [STT T YU O =T 07T,

b) additional reflective zones appear when the plotting is carried out at gain level N,. If this occurs flirther
plots should be made after increasing the gain in 6 dB steps. The size of the reflector is then assumed to
be given by the plotted image at the gain setting 6 dB lower than that at which the increase in size afound
the periphery of the image ceases to exceed the 6 dB half-beam width of the probe [see Figures K.1.b)
and E.1)c)].

The whole operation may be represented by Figure E.3.

E.3 Obligpe incidence testing

The basic prpcedure is similar to that described above. It differs from.normal incidence testing in that whilst
the transducer is scanned in only one plane (i.e. parallel to the surface of the test object under examingtion)
the actual plptted image is that seen by the transducer (i.e. in a-plane normal to the axis of the ultrasonic
beam). Because of this the plotted image is distorted in one direction (that of the plane defined by the beam
axis) and nomal to the scanning surface.

The assessment of dimensions in oblique incidence testing thus follows the same rules as apply to nprmal
incidence tedgting insofar as the plotting procedure is cencerned. However, the relevant plotted dimension|shall
be multiplied by cos «, where o is the probe angle, in order to determine the size of the refldctor

perpendicular to the beam axis [see Figures E.2:a)-and E.2.b)].

a) Flaw smaller than the cross-section d of the useful ultrasonic beam
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b) Discontinuity greater than 4

Key

1 Imageiaty, level

2 Image at N, level

3 Image at N; level

4  Fresh reflective zone
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c) Appearance of a fresh reflective zone

Figure E.1 — Test by normal longitudinal waves
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Plane of

Plane of
Disconti

nuity

cross section of 1st beam

cross section of 2nd beam

a) Discontinuity smaller than ¢
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