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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 work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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procedures used to develop this document and those intended for its further maint
cribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteriameé
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this document may be the
ent rights. ISO shall not be held responsible for identifying any or all suchpatent rightg
patent rights identified during the development of the document will.be'in the Introduct
he ISO list of patent declarations received (see www.iso.org/patents}):

trade name used in this document is information given for the,eonvenience of users ar
Stitute an endorsement.

an explanation of the voluntary nature of standardsythe meaning of ISO specific
ressions related to conformity assessment, as wellas information about ISO's ad
World Trade Organization (WTO) principles in, the Technical Barriers to Trade
w.iso.org/iso/foreword.html.
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5 document was prepared by Technical CGommittee ISO/TC 44, Welding and allied|

1dardization (CEN) Technical Committee CEN/TC 121, Welding and allied processes, in
h the Agreement on technical cooperation between ISO and CEN (Vienna Agreement).

5 second edition cancels and replaees the first edition (ISO 17636-2:2013), which has been
sed.

main changes are as follows:
the normative references have been updated;
the figures have been updated;

manual arid~automated inspection with DDAs has been considered in 6.6, 6.7, and 7.8;

references to Figures 1 to 19 have been updated throughout the document;

bnance are
ded for the
e with the

 subject of
. Details of
ion and/or

d does not

terms and
herence to
[TBT), see

processes,

committee SC 5, Testing and inspection of'welds, in collaboration with the European Committee for

hccordance

technically

in6.7 a), the acceptance of a wire visibility shorter than 10 mm for pipes with an external

dlameter < oU mm has been added,

in 6.7.1, the use of ASTM wires and other IQIs by agreement of the contracting partie
added;

6.8, “Evaluation of image quality” for digital radiography has been added;
in 6.9 and 7.2.2, the lower thickness limit for Se-75 applications has been deleted;

in 6.8, 6.9 and 7.3.1, a clarification for the IQI usage for DWDI technique has been added;

s has been

permission to reduce SNRy if the tube voltage is reduced or energy-resolving detectors are used

to < 80 % of the values given in Figure 20 has been added in 7.3.1;
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— in 7.3.2, the compensation principle II (CP II) has been extended to three wire pairs without the

agreement of the contracting parties;

— Annex C has been shortened to avoid duplication with ISO 19232-5;

— inD.2,

a new note on fading has been added;

— anew Annex F has been added;

— anew Annex G has been added.
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body. A ¢
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partsin the ISQ 17636 series can he found on the ISO website

hck or questions on this document should be directed to the user’s national standqrds
bmplete listing of these bodies can be found at www.iso.org/members.html.-Offjcial

hmittee.iso.org/sites/tc44/home/interpretation.html.

ions of ISO/TC 44 documents, where they exist, are available froni|this ppge:
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Non-destructive testing of welds — Radiographic testing —

Part 2:
X- and gamma-ray techniques with digital detectors

1
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Scope

5 document specifies techniques of digital radiography with the object of enabling satist
batable results. The techniques are based on generally recognized practice andfundame
he subject.

5 document applies to the digital radiographic testing of fusion welded joints in metallig

actory and
htal theory

materials.

pplies to the joints of plates and pipes. Besides its conventional meaning, “pipe”, as u
Lument, covers other cylindrical bodies such as tubes, penstocks, beiler drums and pres

puted radiography (CR) or radiography with digital detecter arrays (DDAs) of the wd
hetallic plates and tubes for the detection of imperfections. It includes manual and

tal detectors provide a digital grey value image which can be viewed and evaluat
puter (Annex E). This document specifies the récommended procedure for detector se
ographic practice. Selection of computer, software, monitor, printer and viewing con
ortant, but are not the main focus of thistdocument. The procedure specified in thig
vides the minimum requirements for radiographic practice which permits exposure and

pcified in ISO 17636-1).

5 document does not specify.aeceptance levels for any of the indications found on
ographs. ISO 10675 providesinformation on acceptance levels for weld inspection.

er than when this document is strictly applied.

NormativeTeferences

following,documents are referred to in the text in such a way that some or all of th
Ktitutes-réquirements of this document. For dated references, only the edition cited 3
ated references, the latest edition of the referenced document (including any amendmen

ISO

sed in this
re vessels.

s
5 document specifies the requirements for digital radiographic%- and gamma-ray testirTg by either

Ided joints
automated

bd using a
ection and
Hitions are
document
hcquisition
hdiography

the digital

ntracting parties applylower test criteria, it is possible that the quality achieved will be significantly

Pir content
pplies. For
[s) applies.
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ISO

v-octroottrT

9712, Non-destructive testing — Qualification and certification of NDT personnel

ISO 16371-1:2011, Non-destructive testing — Industrial computed radiography with storage phosphor
imaging plates — Part 1: Classification of systems

ISO 19232-1, Non-destructive testing — Image quality of radiographs — Part 1: Determination of the
image quality value using wire-type image quality indicators

ISO 19232-2, Non-destructive testing — Image quality of radiographs — Part 2: Determination of the
image quality value using step/hole-type image quality indicators

[SO 19232-4, Non-destructive testing — Image quality of radiographs — Part 4: Experimental evaluation
of image quality values and image quality tables
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ISO 19232-5, Non-destructive testing — Image quality of radiographs — Part 5: Determination of the
image unsharpness and basic spatial resolution value using duplex wire-type image quality indicators

EN 12543 (all parts), Non-destructive testing — Characteristics of focal spots in industrial X-ray systems
for use in non-destructive testing

EN 12679, Non-destructive testing — Radiographic testing — Determination of the size of industrial
radiographic gamma sources

ASTM E747, Standard Practice for Design, Manufacture and Material Grouping Classification of Wire Image
Quality Indicators (1Q1) Used for Radiology

JIS Z2306, Radiographic image quality indicators for non-destructive testing

3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 5576 and the following apply.
[SO and IE€ maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Elgctropedia: available at https://www.electropedia.org/

31
computed|radiography
CR
complete slystem comprising a storage phosphor imaging plate (1P) (3.2) and a corresponding readjout
unit (scantjer or reader), which converts the information.from the IP into a digital image

3.2
storage phosphor imaging plate
IP
photostimyilable luminescent material capable of storing a latent radiographic image of a matdrial
being testdd and which, upon stimulation by“a source of red light of appropriate wavelength, genergtes
luminescence proportional to radiation‘absorbed

Note 1 to enptry: When performing coimptited radiography (3.1), an IP is used in lieu of a film. When establishing
techniques [related to source size (3.20) or focal geometries, the IP is referred to as a detector, i.e. sourcé-to-
detector disance (3.21).

3.3
digital detector array
DDA
electronic |device~converting ionizing or penetrating radiation into a discrete array of analdgue
signals wh(Fch arésubsequently digitized and transferred to a computer for display as a digital inflage

correspondling to the radiologic energy pattern imparted upon the input region of the device

34

structure noise

<imaging plate> local sensitivity variations due to inhomogeneities in the sensitive layer (structure,
graininess) and surface of an imaging plate

Note 1 to entry: After scanning of the exposed imaging plate, the inhomogeneities appear as overlaid fixed
pattern noise in the digital image.

Note 2 to entry: This noise limits the maximum achievable image quality of digital CR images and can be
compared with the graininess in film images.

2 © IS0 2022 - All rights reserved
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3.5
structure noise
<digital detector array> local sensitivity variations due to different properties of detector elements

(pixels)

Note 1 to entry: After read-out of the exposed uncorrected digital detector array (DDA) (3.3) image, the
inhomogeneities of the DDA appear as overlaid fixed pattern noise in the digital image. Therefore, all DDAs
require, after read-out, a software-based image correction (software and guidelines are provided by the
manufacturer). A suitable correction procedure reduces the structure noise.

Note 2 to entry: The image correction is also called “calibration” in other documents.

3.6
grey value
GV
numeric value of a pixel in a digital image

» o«

Note 1 to entry: This is typically interchangeable with the terms “pixel value”, “detectorTesponse”, “qnalogue-to-
digifal unit” and “detector signal”.

Note 2 to entry: For further information, see Annex E.

3.7
lingarized grey value
numeric value of a pixel which is directly proportional to the)detector exposure dose, having a value of
zer¢ if the detector was not exposed

Notg 1 to entry: This is typically interchangeable with the terms “linearized pixel value” and “linearized detector
signjal”.

3.8
basiic spatial resolution of a digital detector
SRb Hetector

half of the measured detector unsharpness in a digital image, which corresponds to the effg¢ctive pixel
sizg and indicates the smallest gepmetrical detail which can be resolved with a digital fletector at
magnification equal to one

Note 1 to entry: For this measurenient, the duplex wire 1QI is placed directly on the digital detector array (3.3) or
imaging plate.

Not¢ 2 to entry: The meastrement of unsharpness is described in ISO 19232-5. See also ASTM| E1000 and
ASTIM E2736.

3.9
basiic spatial-resolution of a digital image
SRb mage

half of the'measured image unsharpness in a digital image, which corresponds to the effective pixel size
and|indicates the smallest geometrical detail which can be resolved in a digital image

Note 1 to entry: For this measurement, the duplex wire IQI is placed directly on the object (source side).

Note 2 to entry: The measurement of unsharpness is described in ISO 19232-5. See also ASTM E1000 and
ASTM E2736.

3.10

signal-to-noise ratio

SNR

ratio of mean value of the linearized grey values (3.7) to the standard deviation of the linearized grey
values (noise) in a given region of interest (3.25) in a digital image

©1S0 2022 - All rights reserved 3
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3.11

normalized signal-to-noise ratio

SNRy

signal-to-noise ratio (3.10) normalized by the basic spatial resolution of a digital image, SR,™mag¢, (3.9)
and calculated from the measured signal-to-noise ratio by:

SNRy = SNR -

88,6
image
SR,

Note 1 to entry: If the duplex wire IQI is positioned directly on the detector without a test object, SR, ™age is equal

to the meas

red S'RLdEteCtor which can be used instead of S‘Rbimage

3.12
contrast-t
CNR
ratio of th
deviation d

Note 1 to enftry: Signal levels are measured in grey values (3.6) or linearized grey values{3.7).

Note 2 to er]
on the prod
for a digital
of interest.

3.13
normalizéd
CNRy

contrast-to
as measur
from the ni

CNRy, -

3.14
aliasing
artefacts t
capable of

Note 1 to enftry: Aliasing often-appears as jagged or stepped sections in a line or as moiré patterns.

3.15
cluster ke
CKP
bad pixel (3

p-noise ratio

b difference of the mean signal levels between two image areas to the avetaged stand
fthe signal levels

try: The contrast-to-noise ratio describes a component of image qualjtyand depends approxima
ict of radiographic attenuation coefficient and SNR. In addition to adequate CNR, it is also neces
radiograph to possess adequate unsharpness or basic spatial resolution to resolve desired feat

d contrast-to-noise ratio
Lnoise ratio (3.12) normalized by the basic spatialresolution of a digital image, SR ™age, (}

bd directly in the digital image with the duplex wire IQI on the object side and calculz
easured contrast-to-noise ratio, CNR, i.e.

88,6
image
SR,

=CNR -

reproducing

rnel pixel

.29) which does not have five or more good neighbourhood pixels

ard

tely
bary
ires

.9),
ted

hat appear in an image (when the spatial frequency of the input is higher than the outpyt is

dCD

Noteltoe

3.16

S [ datail £l H 1
ry. octT OTOCTaTTS OT Oat PTACTS oIt GIs T«

nominal thickness

t

thickness of the parent material only where manufacturing tolerances do not have to be considered

3.17

penetration thickness change

At

change of penetrated thickness (3.18) relative to the nominal thickness (3.16) due to beam angle

© IS0 2022 - All rights rese
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3.18

penetrated thickness

w

thickness of material in the direction of the radiation beam, calculated on the basis of the nominal
thicknesses (3.16) of all penetrated walls

3.19

object-to-detector distance
b

largest (maximum) distance between the radiation side of the radiographed part of the test object and
the sensitive layer of the detector, measured along the central axis of the radiation beam

Note 1 to entry: The abbreviated term ODD is used in other documents.

3.2p
source size
d
sizd of the radiation source or focal spot size

Note 1 to entry: See EN 12543 or EN 12679.

3.21
source-to-detector distance
SD
disfance between the source of radiation and the detector,méasured in the direction of the heam

Note¢ 1 to entry: SDD=f+b

whére

f  is source-to-object distance (3.22);
b is object-to-detector distance (3:19).

3.2p
source-to-object distance

f

disfance between the sounce-of radiation and the source side of the test object, measured along the
cenfral axis of the radiation.beam

Note 1 to entry: The abbreviated term SOD is used in other documents.

3.2B8
extprnal diameter
D
nSrLinal value of the external diameter of the pipe

3.2

geometric magnification

v

ratio of source-to-detector distance (3.21) to source-to-object distance (3.22)

3.25

region of interest

Rol

defined group of pixels from which measurements or statistics, or both, can be derived

© IS0 2022 - All rights reserved 5
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3.26

weld area to evaluate

WAE

area to be evaluated on the radiograph, which contains the weld and the heat-affected zone (3.30) on

both sides

3.27

area of interest

Aol

minimum area which should be evaluated on the radiograph and which contains the weld, the heat-

affected zope (3.30) on both sides and all lead letters, markers and image gquality indicators (I1QIs)

3.28

raw image

image acquired with digital detector arrays (3.3) or computed radiography (3.1) system§ Jafter injage

correction]if a correction has been performed

3.29

bad pixel

underperfgrming detector element (pixel) of a digital detector array (3.3)

Note 1 to enftry: Bad pixels are described in ASTM E2597.

3.30

heat affected zone

HAZ

area besid¢ the weld influenced by the heating and cooling precess of the welding, which is considdred

as the two preas beside the weld, each with the same width'@s the weld cap but at least 10 mm width to

be considefed for evaluation

4 Symbols and abbreviated terms

For the puiposes of this document, the symbels’and abbreviated terms given in Table 1 apply.

Table 1 —=Symbols and abbreviated terms
Symbol ¢r Definition
abbreviated
term

a angle subtended by half of the circumferential length of the Aol at the pipe centre, see Figure 22 a)

Aol area of interest

B opening angle of source window or collimator to central beam

b ebject-to-detector distance

b’ object-to-detector distance perpendicular to test object

bed llld)&illlulll didellLU fl UIII Lll€ UbjCLL SUl fclLU IISdITSL LU L}lc pldlldl LIULULLUI LU L}lc U‘UjULL saridace
most distant to the detector in the weld area to evaluate (WAE) of the pipe, see Figures 2 b), 8 b),
13 b), 14 b) and 22

bgap distance between the radiation sensitive layer of the detector and the outer pipe surface, see
Figures 2 b) and 22

C; factor to correct f,;,, for using planar detectors for curved objects, if b > t

CKP cluster kernel pixel

CNR contrast-to-noise ratio

CNRy normalized contrast-to-noise ratio

CR computed radiography

d source size, focal spot size (see the EN 12543 series and EN 12679)

6 © IS0 2022 - All rights reserved
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Table 1 (continued)
Symbol or Definition
abbreviated
term
D detector
D, external diameter
DDA digital detector array
DWDI double-wall double-image
DWSI double-wall single-image
f source-to-object distance (\q/
i minimum source-to-object distance QY
™ aln minimum source-to-object distance for testing of curved objects with plaﬁﬁrﬁetectors
f’ source-to-object distance perpendicular to test object ‘()\‘O'
GV grey value ‘/\‘Ou
HAE heat-affected zone f'\'\ )
I[P storage phosphor imaging plate \%V
IQI image quality indicator (_S\\ N
Te external radius /\<( -
r; internal radius
Rol region of interest L\\\\ i
S radiation source 0,\V
SDIp source-to-detector distance \\,\Q
SNR signal-to-noise ratio . 0,®
SNRy normalized signal-to-noise rat’i_(\JA\v
SRy, basic spatial resolution meMn be SR,image or SR, detector
SRy fdetector basic spatial resolutior}.Q@)\digital detector
SR, Jmage basic spatial resolutiou%a digital image
t nominal thickni® ’
At penetration ﬂaf‘sl)r;ess change
ug geometri(upzﬁarpness
Uy inher nsharpness of the detector system, excluding any geometric unsharpnesg, measured
fro e digital image with a duplex wire IQI adjacent to the detector
Uil We unsharpness, measured in the digital image at the object plane with a duplexjwire IQI
ur Q\ otal image unshgrpness, includ_ing geometric qnsharpness, measured in the digital image at the
detector plane with a duplex wire IQI at the object plane
1% &?Q geometric magnification
Vo 9o optimum magnification
w penetrated thickness
WAE weld area to evaluate

NOTE The source-to-detector-distance (SDD), as used in digital radiography, is equivalent to SFD (see
ISO 17636-1) in film radiography.

©1S0 2022 - All rights reserved 7
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5 C(lassification of radiographic techniques and compensation principles

5.1 Clas

The radiog

sification

raphic techniques are divided into two testing classes:

— testing class A: basic techniques;

— testing class B: improved techniques.

Testing cla

ss B techniques are used when testing class A techniques are insufficiently sensitive.

Radiograp
agreed bet

The choice

The visibil

class A ang testing class B techniques, respectively. The visibility shall be proven by the use of

according 1

If, for techy
class B, su
contractin
sensitivity
the DDA te
than that d
correct IQI
for test arn

5.2 Com

hic techniques providing higher sensitivity than testing class B are possible and (maj
ween the contracting parties by specification of all appropriate test parameters.

of digital radiographic technique shall be agreed between the contracting pazties.

ty of flaws using film radiography or digital radiography is equivalentwhen using tes

0 IS0 19232-1 or ISO 19232-2 and ISO 19232-5.

lical or industrial reasons, it is not possible to meet one of the conditions specified for tes
Ch as the type of radiation source or the source-to-object distance, f, it may be agreec
b parties that the condition selected can be that specifi€d)for testing class A. The los
shall be compensated by an increase of minimum grey'walue and SNRy for CR or SNRy
chnique (recommended increase of SNRy by a factor >1;4). Because of the better sensiti
f testing class A, the test specimen may be regarded‘as being tested to testing class B if]
sensitivity is achieved. This does not apply if thé\special SDD reduction as described ir
angements 7.1.4 and 7.1.5 (Figure 5 to Figure 10) are used.

pensation principles, CP I, CP II or €P III

neral

digital det

ensation principles (see 5.2.2 to 5.2.4) are applied in this document for radiography
ctors to achieve a sufficient'contrast sensitivity.

Application of these principles requires the achievement of a minimum contrast-to-noise ratio, CN
normalized to the detector basie’spatial resolution per detectable material thickness difference A
the requirgd normalized contrast-to-noise ratio (CNRy per Aw) cannot be achieved due to an insuffic
value of onf of the following parameters, this can be compensated by an increase in the SNR.

5.2.2 Compensation principle I (CP I)

Compensationdor reduced contrast (e.g. by increased tube voltage) by increased SNR (e.g. by increa

be

[ing

Qls

[ing
| by
s of
for
Vity
the
7.6

vith

RN'
. If
lent

sed

tube curreptor exposure time).

5.2.3 Compensation principle II (CP II)

Compensation for insufficient detector sharpness (the value of SR, is higher than specified) by increased

SNR (increase in the single IQI wire or step-hole value for each missing duplex wire pair value).

SR,

is SRy detector for detector selection (IQI on the detector without object) or SR,image for image quality

evaluation of a production radiograph with the IQI on the source side of the object.

5.2.4 Compensation principle III (CP III)

Compensation for increased local interpolation unsharpness, due to bad pixel correction for DDAs
increased SNR.

, by
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5.2.5 Theoretical background

These compensation principles are based on the approximation given in Formula (1) for small flaw
sizes (Aw << w):

CNRN —c. :ueff -SNR

Aw N image (1)
SR,
where
c isa constant (n’{mg 6 mm)’
Uetf is the effective attenuation coefficient, which is equivalent to the specific materipl contrast,
: 1.
in mm-;

CNRy  isthe normalized CNR, as measured in the digital image;

SR,image is the basic spatial image resolution, in mm.

6 [General preparations and requirements

6.1| Protection against ionizing radiation

WARNING — Exposure of any part of the human body.to X-rays or gamma rays can| be highly
injyrious to health. Wherever X-ray equipment or radioactive sources are in use, appropriate
hedlth and safety requirements shall be applied.

NOTE Local, national and international regulations and safety precautions provide additional information.

6.2| Surface preparation and stage ef- manufacture

In general, surface preparation is notnecessary, but where surface imperfections or coatingf can cause
difficulty in detecting defects, the surface shall be ground smooth or the coatings shall be removed.

Unlgss otherwise specified, digital radiography shall be carried out after the final stage of manufacture,
e.g.[after grinding or heat treatment.

6.3| Location of the-weld in the radiograph

Where the digital\vadiograph does not show the weld, high-density markers shall be placed on both
sidgs of the weld outside the weld area to evaluate (WAE).

6.4| Identification of radiographs

] ] images of
these symbols shall appear in the digital radiograph outside the WAE where p0551b1e and shall ensure
unambiguous identification of the section. Another identification system may be part of the contract
agreement.

6.5 Marking

Permanent markings on the object to be tested shall be made in order to accurately locate the position
of each digital radiograph, e.g. zero-point, direction, identification, measure.

Where the nature of the material and/or its service conditions do not permit permanent marking, the
location may be recorded by means of accurate sketches or photographs or from automated positioning
systems.

©1S0 2022 - All rights reserved 9
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6.6 Overlap of digital images

When digitally radiographing an area with two or more separate detectors (imaging plates), they shall
overlap sufficiently to ensure that the complete WAE is digitally radiographed. This shall be verified
by a high-density marker on the surface of the object which is to appear on each digital image. If the
radiographs are taken sequentially with CR or DDA, the high-density marker shall be visible on each of
the radiographs.

This applies also for DDA in manual testing and automated testing in start/stop mode. It does not
apply for automated testing in continuous mode. In the latter case, the use and number of high-density
markers should be subject to an agreement between the contracting parties.

6.7 Types and positions of image quality indicators (IQIs)

6.7.1 Gejneral

vith
sed
of

The quality of radiographs shall be verified by use of image quality indicators (IQIs)\inraccordance v
[SO 192325 and ISO 19232-1 or ISO 19232-2. IQIs according to ASTM E747 or JIS*Z2306 may be U

instead, if their material group fits better to the test object or component. Tables for the conversi;)!r

wire num

between contracting parties, other IQIs with the same radiographic attegyation as the test object
the same dfimensions as defined in ISO 19232-1 or ISO 19232-2 may be.tised.

6.7.2 Du

Following

basic spati
(ISO 19232
wire value
a function

inspection
the penetr

The use of
the geome
resolution,
specified a
inspection
start/stop
values of T

rs of ASTM E 747, ]IS Z2306 and ISO 19232-1 can be found in thesé.documents. By agree

plex wire IQIs

the procedure outlined in Annex C, a reference imidge is required for the verification of
al resolution of the digital detector system (SRjdetector) In this case, the duplex wire
-5) shall be positioned directly on the digital:detector. The basic spatial resolution or du
shall be determined to verify that the systenrhardware meets the requirements specifie
of the penetrated material thickness in¢fables B.13 and B.14. For double-wall double-in{
the SR, detector shall correspond to the values of Tables B.13 and B.14 chosen on the basis
hited thickness is twice the nominalsingle-wall thickness.

a duplex wire IQI (ISO 19232-5) on the object for production radiographs is require
[ric magnification technigue(see 7.7) is applied with v > 1,2. The value of the basic spz
measured in the digitalimage (see Annex C), shall not exceed the maximum SR, ™age va
5 a function of the penetrated material thickness in Table B.13 or Table B.14. Automated |
systems may use adetection mode as continuous movement (e.g. translation or rotation
acquisition. TheZitnage unsharpness of moving or start/stop systems shall not exceed
hble B.13 or Table B.14.

For single-
double-wa
the duplex
of f.,;, and

mage inspection, the single-wall thickness is taken as the penetrated material thickness,
1 doublesimage inspection in accordance with 7.1.6 and 7.1.7 (Figure 11 or Figure 12),
wire onrthe source side of the pipe, the pipe diameter is taken as the value b for determina
for, determination of the required basic spatial resolution (SR, ™28€) from Table B.13

ent
And

the

1QI
blex
 as
age
that

d if
tial
ues
DDA
) or
the

For
vith
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and

Table B.14*
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age

inspection shall correspond to the values of Table B.13 and Table B.14, chosen on the basis of twice the
nominal single-wall thickness as the penetrated material thickness.

The duplex wire IQI shall be positioned tilted by a few degrees (2° to 5°) to the digital rows or columns
of the digital image.

In historical cases, where the 1QI was positioned at 45° to the digital rows or columns, the obtained IQI
number shall be reduced by one.

6.7.3

Single wire or step-hole IQIs

The contrast sensitivity of digital images shall be verified by use of IQls, in accordance with the specific
application as given in Tables B.1 to B.12 (see also ISO 19232-1 or ISO 19232-2).

10
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The single wire or step-hole 1QIs used shall be placed on the source side of the test object at the centre
of the area of interest (Aol) on the parent metal beside the weld. The identification symbols and,
when used, the lead letter F shall not be in the WAE, except when geometric configuration makes it
impractical. The IQI shall be in close contact with the surface of the object. Its location shall be in a

section of uniform thickness characterized by a uniform grey value (mean) in the digital image.

According to the IQI type used, cases a) and b) shall be considered.

a)

When using a single wire IQI, the wires shall be directed perpendicular to the weld and its location
shall ensure that at least 10 mm of the wire length shows in a section of uniform grey value or
SNRy, which is normally in the parent metal adjacent to the weld. For exposures in accordance with

b)

For

be placed either on the source side (use Tables B.1 to B.4) or on the detector side. If the IQIs

plad
at I¢
sidg
of t

For
sha
the

For
on

Wh
visi
The
geo

If st
pro
val
of i

For
spa
rep

ple in the radiographic image and-this shall be stated in the test report.

7.1.6 and 7.1.7 (Figure 11 and Figure 12), the IQI should be placed with the wires acxo|
axis and they should not be projected into the image of the weld. The visible wire/ler
shorter than 10 mm for external pipe diameters smaller than 50 mm. In that case, the
length shall be = 20 % of the external pipe diameter.

When using a step-hole 1Q], it shall be placed in such a way that the requiredhole is plac
the weld.

single-wall exposures in accordance with 7.1.4 and 7.1.5 (Figures-5 to 10), the IQI typg

ed on the source side, they are placed on the detector side and the'image quality shall be g
ast once from comparison exposure with one IQI placed onthe source side and one on t}
under the same conditions. If filters are used in front of thedetector, the IQI shall be pla
he filter.

double-wall exposures in accordance with 7.1.6 and 7.1.7 (Figures 11 and 12), the 1Q]

ss the pipe
bth may be
isible wire

ed close to

used may
cannot be
etermined
e detector
ed in front

type used

1 be placed on the source side (use Tables B.5 t6.B.8). By agreement between contracting parties,

[QI may be placed on the detector side (use Tables B.9 to B.12).

double-wall exposures in accordance with'7.1.8 (Figures 13 to 16), the IQI type used ma
he detector side. When the 1QI is placed'en the detector side, refer to Tables B.9 to B.12.

ere the IQIs are placed on the detector side, the letter F shall be placed near the IQI a

identification numbers and, when used, the lead letter F shall not be in the WAE, e3
metric configuration makes it impractical.

eps have been taken-to guarantee that digital radiographs of similar test objects and 1
Huced with identical exposure and processing techniques, and no differences in the im
are likely, the)jimage quality does not need to be verified for every digital radiograph.

e
Ilage qualitywerification should be subject to agreement between the contracting parties

exposures of pipes with the source centrally located, at least three 1QIs should be plad
red,at~the circumference. The digital radiograph(s) showing IQI images are then
resentative for the whole circumference.

7 be placed

hd shall be

cept when

egions are
hge quality
The extent

p.

ed equally
considered

6.8

Evaluation of image quality

The digital images shall be evaluated on a monitor. The monitor and the viewing conditions shall fulfil
the requirements of 7.10.

From the testing of the radiographic image of the wire or step-hole 1QI, the number of the smallest wire
or hole which can be discerned shall be determined. The image of a wire is accepted if a continuous
length of at least 10 mm is clearly visible in a section of uniform grey values, typically in the HAZ near
the weld [see 6.7.3 a) for pipes with smaller diameters]. In the case of the step-hole-type IQ], if there are
two holes of the same diameter, both shall be discernible, in order that the step be considered as visible.
See also 6.7.3 a), for the exception of DWDI evaluation of small pipes.

©1S0 2022 - All rights reserved 11


https://standardsiso.com/api/?name=f5c37c2241b524f5ce822829afdc31a9

IS0 17636-2:2022(E)

The duplex wire IQI shall be evaluated with the profile function of the image processing system in the
linear or linearized grey value image, as stated in Annex C and ISO 19232-5.

The image quality shall be determined in the unprocessed image, which is also called the raw image. The
unprocessed (raw) image is considered to be the acquired image after image correction (calibration)
by offset and gain images and/or firmware corrections. If the images are evaluated after application
of digital filters, the wire or step-hole IQIs shall be evaluated and the achieved values shall fulfil the
requirements of the relevant tables in Annex B.

The IQI values obtained shall be indicated in the test report of the radiographic testing. In each case, the
type of indicator used shall be clearly stated, as shown on the IQI.

6.9 Minlmum image quality values

Tables B.1|to B.14 show the minimum IQI values for metallic materials. For other materials, these
requirements or corresponding requirements may be agreed upon by contracting parties and shalll be
noted in thie report. The requirements shall be determined in accordance with ISO 19232-4.

In the caselwhere Ir 192 or Se 75 sources are used for copper-based alloys, steelor nickel-based allpys,
IQI values poorer than the ones listed in Tables B.1 to B.12 may be accepted exceptionally as follgws.
This shall e noted in the report.

For DWDI [techniques, values shown in Tables B.5 to B.12, both tesfifig class A and testing clags B
(w=2t):

— 10 mnm < w < 25 mm: one wire value fewer or one step-holewalue more for Ir 192;
— w < 12Imm: one wire value fewer or one step-hole valugiore for Se 75.

For singletwall single-image and double-wall (w = @2t) single-image techniques, values shown in
Tables B.1,[B.2, B.9 and B.10, testing class A:

— 10 mm < w < 24 mm: two wire values fewer/or two step-hole values more for Ir 192;
— 24 mn] <w < 30 mm: one wire value fewer or one step-hole value more for Ir 192;
— w < 24/mm: one wire value fewer or\one step-hole value more for Se 75.

For single-wall single-image and double-wall single-image techniques, values shown in Tables B.3,|B.4,
B.11 and BJ12, testing class B:

— 10 mm < w < 40 mm: on@wire value fewer or one step-hole value more for Ir 192;
— w < 20|mm: one wire value fewer or one step-hole value more for Se 75.

For Se 75 and penetrated thicknesses with less than 12 mm, it can be difficult to achieve the IQI values
required for testing class B. The loss of sensitivity shall be compensated by an increase of minimpum
grey value fafid SNRy, for CR or SNRy, for the DDA technique. The increase in SNRy shall be > 1,4.

If the IQI values for Se 75 and penetrated thicknesses less than 12 mm cannot be achieved as described,
the required IQI values and test conditions shall be agreed by the contracting parties based on
ISO 19232-4.

6.10 Personnel qualification

Personnel performing non-destructive testing in accordance with this document shall be certified in
radiographic testing in accordance with ISO 9712 or an equivalent internationally or nationally accepted
certification scheme to an appropriate level in the relevant industrial sector. The personnel shall be
able to prove they have undergone additional training in digital industrial radiology (see Syllabuses in
ISO/TS 25107:2019, Clause 5).
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Recommended techniques
Test arrangements

1 General

Radiographic techniques in accordance with 7.1.2 to 7.1.9 (Figures 1 to 19) shall be used, if possible.

The elliptical technique (double-wall and double-image) in accordance with 7.1.6 (Figure 11) should
only be used for external diameter D, < 100 mm and wall thickness ¢t < 8 mm and weld width < D /4.
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90" displaced images are sufficient it /D, < 0,1Z; otherwise, three elliptical images, 3
distance between the two projected weld images shall be about one weld width. Due to
amic range of digital detectors than in film radiography, D, and t may exceed the\valu
0.

b1 it is not possible to carry out an elliptical testing for D, < 100 mm, theperpendicula
ccordance with 7.1.7 (Figure 12) may be used. In this case, three exposures 120° or 60
lired, depending on the access around the pipe.

test arrangements in accordance with 7.1.8 (Figures 13 and 14);the inclination of the
tept as small as possible and be such as to prevent superimposition of the two images. T
bject distance, f’, shall be kept as small as possible for the technique shown in Figures 1!
rdance with 7.6. The 1QI shall be placed on the detector side close to the detector with g

tal radiographic techniques other than those in Z.1.2 to 7.1.9 (Figures 1 to 19) may be
contracting parties when it is useful, for reasons such as the geometry of the piece or
naterial thickness. In 7Z.1.9 (Figures 17 to 19),.an example of such a case is presented. A
kness compensation with the same materialimay be applied.

Annex A, the minimum number of digital radiographs required is given in order to
bptable radiographic coverage of the'tetal circumference of a butt weld in pipe.

e geometric magnification technique is not used, the detector shall be placed as close as
object.

exible detectors are notrapplicable and rigid cassettes or planar DDAs are used, ag

dis
d, a

NOTE

fou

res 2 b), 8 b), 13 b),and 14 b), the SDD shall be calculated from the wall thickness, ¢,
ance of the detectar-to the source side surface of the object, b, and the focal spot size or 5
specified in 7.6{Formulae (2) to (13).

Unless.otherwise noted, definitions of the symbols used in Figures 1 to 24 and in the any
d in Clause 4.

re needed.
the higher
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beam shall
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7.1.2 Single-wall penetration of plane objects (see Figure 1)
S
S~
i — /L@g\r :
D +~
NOTE IIfthe distance, b, in Figure 1 is less than 1,2 ¢, then the nominal thickness, t, can be used for b and fcan
be considergd as the distance from the source to the parent material surface.
Figure 1 — Arrangement for testing of planar welds with radiation source on oné;side and the
detector on the opposite side
7.1.3 Single-wall penetration of curved objects with the source outside’the object (see
Figures 2 to 4)
S S S S
N N
< S oSSR R 4 ey [ s
D g f D
-A:g
a) With curved detectors b) With planar detectors
NOTE IIf the distance, b, in Figure(Z iSless than 1,2 ¢, then the nominal thickness, t, can be used for b and fcan
be considergd as the distance fromrthe source to the parent material surface.
Figure 2 4~ Arrangement for testing of curved objects with the radiation source outside and the

detector inside

SO

Figure 3 — Arrangement for testing of set-in welds with the radiation source outside and the

14

detector inside
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FiLure 4 — Arrangement for testing of set-on welds with the radiation source outside and the
detector inside

7.144 Single-wall penetration of curved objects with the source inside theobject for panoramic
expiosure (see Figures 5 to 7)

a) With curved detectors b) With planar detectoys

Figure 5 — Arrangement for testing of welds with centrally located radiation source| (central
projéction) and the detector outside

Figure 6 — Arrangement for testing of set-in welds with a radiation source, located on the
central pipe axis and perpendicular to the weld centre, and the detector outside
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Figure [7 — Arrangement for testing of set-on welds with a radiation source, located on thé
central pipe axis and perpendicular to the weld centre, and the detector outside

7.1.5 Single-wall penetration of curved objects with the source located off-centre’and inside
the object|(see Figures 8 to 10)

D D o
B SN <

Q L “— D D

A Ny g
-
; ~
S S
S S
a) With curved detectors b) With planar detectors
NOTE Iif the distance, b, in Figure 8 is less than 1,2 ¢, then the nominal thickness, ¢, can be used for b.

Figure 8 - Arrangement for testingof welds with the radiation source located off-centre ingide
thejobject and the detector outside

Figure 9 — Arrangement for testing of set-in welds with the radiation source located off-centre
inside the object and the detector outside
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Figure 10 — Arrangement for testing of set-on welds with the radiation source loc:Jted off-
centre inside the object and the detector outside

7.16 Double-wall penetration and double-image evaluation (DWDI) of pipes with the elliptic
technique and the source and the detector outside the object (see Figure\11)

NOTE The source-to-object distance can be calculated by the perpendicular distance f’, calculatied from b’.

Figure 11 — Arrangement fortesting of both walls of pipes with the elliptic technique

7.17 Double-wall penetration and double-image evaluation (DWDI) with the perpendicular
technique and source dnd detector outside the object (see Figure 12)

S S

= e
e 1 S

D D

\
il

Figure 12 — Arrangement for testing of both walls of pipes with the perpendicular technique
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7.1.8 Double-wall penetration and single-image evaluation (DWSI) of curved objects for
evaluation of the wall next to the detector (see Figures 13 to 16)

S

S

NOTE |
can be cons

Figure 1
eva

a) With curved detectors b) With planar detectors

If the distance, b’, in Figure 13 is less than 1,2 ¢, then the nominal thickness, ¢, can be used for b’ a
dered as the distance from the source to the parent material surfacet

luation of the wall next to the detector with the IQLplaced close to the detector

B — Arrangement for testing of curved objects with the radiation source outside and

hd [

NOTE |
can be cons

Figure
located

18

a) With curved deétectors b) With planar detectors

If the distance,b%.in Figure 14 is less than 1,2¢, then the nominal thickness, ¢, can be used for b’ a
dered as the.distance from the source to the parent material surface.

14 —<Arrangement for testing of curved objects with the radiation source outside
| directly on the surface and evaluation of the wall next to the detector with the IQ}

hd f

p]ar‘pd close to the detector
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ure 15 — Arrangement for testing of pipes with longitudinal welds with the radiat

Figure 16 — Arrangement for testing of set:in'welds with the radiation source outs
evaluation of the wall next to the deteetor with the IQI placed close to the detec

on source
detector

jde and
tor

pensating

19

7.1)9 Penetration of objects with different material thicknesses (see Figure 17 to 19)
S S
e i e g
~ \ﬂ +~
ez o4 ooxc 4.4
ZrRerzrrrA
D D
a) Arrangement for testing without compensat- b) Arrangement for testing with comj
ing edge edge
Key
1 LUlll}}CllDatills Cdsc
Figure 17 — Arrangement for testing of fillet welds with an oblique detector position
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To maintain a good flaw sensitivity, the X-ray tube voltage should be as low as possible and the S]

in the digi
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e 19 — Arrangement for testing with amulti-detector technique, applicable for CR

ce of tube voltage and radiation source

ay devices up to 1 000 kV

al image should be-as high as possible. Recommended values of X-ray tube voltage vel
thickness are given in Figure 20. These values are best-practice values for film radiogra

Fate detector(image correction (calibration), DDAs can provide sufficient image qualit
y highervoltages than those shown in Figure 20.

hteswith high structure noise in the sensitive IP layer (coarse grained) should be applied v
h dess X-ray voltage than indicated in Figure 20 for testing class B. High-definition imajg

18 — Arrangement for testing of fillet welds with a perpendicular detector positio]n
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exposed with the X-ray voltages of Figure 20 or higher if the SNRy is sufficiently increased.

NOTE CPIL

— An improvement in contrast sensitivity can be achieved by an increase in contrast at constant SNRy, by
reduction of tube voltage and compensation by higher exposure (e.g. milliampére minutes), or by an increase
in SNRy, by higher exposure (e.g. milliampére minutes), at constant contrast (constant kilovolt level).

— Increased tube voltage at a constant exposure (e.g. milliampére minutes) reduces the contrast and increases
the SNRy. The contrast sensitivity improves if the increase in SNRy is higher than the contrast reduction due
to the higher energy.

20
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Key
U X-ray tube voltage, kV 1 copper and nickel and its alloys
w penetrated thickness, mm 2 steel
3 titanium and its alloys
4 aluminium and its alloys
NOTE The calculations for the curves are described in Annex G.
Figure 20 — Recommended X-ray tube voltage for X-ray devices up to 1 000 KV as a fynction of
penetrated thickness and material
Forjsome applications where there is a thickness change across the area of the object being radiographed,
a mpdification of technique with a higher voltage may be used, but it should be noted that an gxcessively
high tube voltagedeads to a loss of defect detection sensitivity.
7.2{2 Othé€ryradiation sources
The recommended penetrated thickness ranges for gamma-ray sources and X-ray equiprhent above
1 M|Véaye given in Table 2.

On a thin specimen, gamma rays from Se 75, Ir 192 and Co 60 sources do not produce digital radiographs
having as good a defect detection sensitivity as X-rays used with appropriate technique parameters.
However, because of the advantages of gamma-ray sources in handling and accessibility, Table 2 gives
a range of thicknesses for which each of these gamma-ray sources may be used when the use of X-ray
tubes is impractical and shall be noted in the report.

For certain applications, wider material thickness ranges may be permitted if sufficient image quality
can be achieved.

In cases where digital radiographs are produced by CR using gamma rays, the total travel time to and
from the source position shall not exceed 10 % of the total exposure time. Using DDAs, the exposure
time shall start after the source is in position and shall end before the source is moved back.
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Table 2 — Penetrated thickness ranges for gamma-ray sources and X-ray equipment with X-ray
potential, U, above 1 MV for steel, copper and nickel-based alloys

Penetrated thickness
Radiation source v
mm
Testing class A Testing class B
Tm 170 ws5 w<5
Yb 1692 1=w<15 2sw<12
Se 75b 10 <sw<40 14 <sw <46
Ir 192 20=sw<100 20 = w=90
Co 60 40<w<200 60 s wi< 150
X-ray poterftials 1 MV < U <4 MV 30sw<200 505w <180
X-ray poterftials 4 MV < U< 12 MV w250 w =80
X-ray poterftials U> 12 MV w280 w2100
a2 For alupinium and titanium, the penetrated material thickness is 10 mm < w < 70.mm for testing class A [and
25 mm < w 55 mm for testing class B.
b For aluninium and titanium, the penetrated material thickness is 35 mm < w < 120 iy for testing class A.

By agreemlent between the contracting parties, the penetrated thickness for Ir 192 may further be
reduced to[10 mm for testing class A or testing class B, provided therequired image quality as stated in
6.9 is achigved.

By agreemlent between the contracting parties, the penettated thickness for Se 75 may furthef be
reduced fof testing class A or testing class B, provided the required image quality as stated in 69 is
achieved.

It is recommended to use higher SNR for testing'of penetrated thicknesses below 10 mm with S¢ 75
than requifed in Tables 3 and 4.

7.3 Detgctor systems and metal screens

7.3.1 Mipimum normalized sighal-to-noise ratio (SNRy)
SNRy is calculated from SR detector or SR, image;

— SNRy if determined from SR, detector if the magnification is < 1,2. This includes the test arrangem¢nts
shown|in Figure 1¥and Figure 12 (DWDI).

— SNRy is determined from SR;mage if the magnification is > 1,2.

For digital Fadiographic testing, minimum SNRy, values as given in Table 3 and Table 4 or minimum grey
values (CR|orly) shall be achieved (evaluable area). Annex D describes the procedure for measurenpent
of SNRy and provides a conversion table for users who prefer to use unnormalized measured SNR
values instead of SNRy values.

Equivalent minimum grey values for CR may be used instead of minimum SNRy values if they are
determined by means of the procedure of Annex D for the IP used, the scanner used and its settings and
the required SNRy of Table 3 and Table 4.

The SNRy value shall be determined preferably beside the weld near the wire or step-hole IQI in the
thicker part of the parent material, in a zone of homogeneous wall thickness and constant grey values.
Alternatively, the SNRy can be determined in the weld root if there are homogeneous areas. The grey
values in CR (only) shall be measured in the WAE in the weldment near the wire or step-hole IQI.

NOTE1 If the SNRy is measured in the weld root, it is typically measured in the region of average root
thickness.
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As an exception, the determined SNRy may fall to > 80 % of the values of Table 3 or Table 4 provided the
image quality as required in Annex B is achieved and the X-ray voltage is reduced down to 80 % or less of
the values as provided in Figure 20 (CP I) or energy-resolving detectors are used for scatter reduction.
The exception may be applied due to possible roughness (e.g. corrosion) or geometric distortions of the
material, which influences the image noise and the achievable SNRy.

The SNRy values shall be increased by a factor of 1,4 from those in Table 3 and Table 4 if the SNRy
measurement is performed adjacent to the weld in the heat-affected zone or parent material, except if
the weld cap and root are flush with the parent material. If the SNRy measurement in the weld provides
sufficient values in accordance with Table 3 or Table 4, no measurement in the heat affected zone (HAZ)

or |

arent material is required
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Table 3 — X-ray potentials, U, minimum SNR,, values (CR and DDA) and metal-front screens
(screens for CR only) for digital radiography of steel, copper and nickel-based alloys

Penetrated
material thick- i -
eSS Minimum SNR,¢ Type and thickness of metal-front
L. screens
Radiation source
w
mm Testing | Testing mm
classA | classB
X-ray potentials < 50 kV 100 150 None
X-ray poterjtialsd
70 120 0to 0,1 (Pb)
50 kV < U <[150 kV
X-ray poterjtialsd
70 100 0to 0,1 (Rb)

150 kV < Uk 250 kV
X-ray poterjtialsd w <50 70 100 0 to,0,3)(Pb)
250kV<UE1000KkV w>50 70 70 0.to'0,3 (Pb)
Yb 1694 ws5 70 120 0to 0,1 (Pb)
Tm 1704 w>5 70 100 0to 0,1 (Pb)

w<50 70 100 0to 0,3 (Pb)
Ir 1924, Se 754

w>50 70 70 0,1to 0,4 (Pb)
Co 60ab w<100 70 100 0,3t0 0,8 (Fe or Cu) + 0,6 to 2 (Ply)
X-ray poternjtialsaP

w>100 70 70 0,3 t0 0,8 (Fe or Cu) + 0,6 to 2 (Ply)
1IMV<U<$ MV

) w<100 70 100 0,6 to 4 (Fe, Cu or Pb)

X-ray poterftials b > 5 MV

w>100 70 70 0,6 to 4 (Fe, Cu or Pb)

weld.

times the Pb|thickness.

a  Inthe cgdse of multiple screens (Fe+Pb), the steel screen shall be located between the IP and the lead screen.

b Instead pf Fe or Fe+Pb, copper, tantalum or tungstei screens may be used if the image quality can be proven.

¢ If the SNRy is measured in the HAZ/parent material, these values shall be multiplied by 1,4. No multiplication is
required if the weld cap and root are flush withthe parent material or if sufficient SNRy, is measured in the centre off the

d  Pb scregns may be replaced completely or partially by Fe or Cu screens. The equivalent thickness for Fe or Cu is three

Table 41— X-ray poteftials, U, minimum SNR), values (CR and DDA) and metal-front screen$
(screens for€R only) for the digital radiography of aluminium and titanium

Radiation source Minimum SNR b Type and thickness of metal-fromt
N screens

Testing Testing

elassA———elass B mm
X-ray potentials
U< 150 kv 70 120 < 0,03 (Pb)

<
X-ray potentials
70 100 <0,2 (Pb)2

150 kV < U <500 kV
Yb 169, Tm 170 70 100 <0,2 (Pb)2
Se75 70 100 < 0,3 (Pb)?

weld.

a  Instead of 0,2 mm lead, a 0,1 mm screen with an additional filter of 0,1 mm may be used outside of the cassette.

b [f the SNRy is measured in the HAZ/parent material, these values shall be multiplied by 1,4. No multiplication is
required if the weld cap and root are flush with the parent material or if sufficient SNRy, is measured in the centre of the
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7.3.2 Compensation principle II

If the required duplex wire IQI sensitivity of Table B.13 or Table B.14 cannot be achieved by the detector
system and exposure conditions used, an increase in single IQI wire visibility or step-hole visibility
shall compensate for the exceeded unsharpness values (or exceeded SR, values, which can be SR detector
or SR, mage),

For example, if the required values of W16 and D12 (for 5 mm thickness, testing class B, see Table B.3
and Table B.14) are not achieved at the same time for a specific detector set-up, then the values W17
and D11 provide an equivalent detection sensitivity. The compensation shall be limited to a maximum
increase of three single wires for three missing resolved duplex wire pairs.

DDAs, the contrast sensitivity depends on the used frame time, number of frames and #]be current
liamperes) for acquisition of the radiographic images for a given distance and tubevoltfage, so the
le wire or step-hole IQI visibility can be increased by increased exposure timeand/or tybe current
ing. This applies also for CR, but with a limitation due to the maximum achjevable SNRy due to
structure noise of the sensitive layer of imaging plates. The maximum achievable SNRy for DDA
ography is limited by the quality of the image correction procedure (calibration).

For
(mi
sing
sett
the
rad

The SR, detector of the DDA is fixed by design and hardware parameterss

If the magnification technique is used, the SR, ™age¢ shall be takenAfrom the magnified image with the

t
dujllex wire IQI on the object (see 7.7).

7.3{3 Metal screens for IPs and shielding

Wh
isr
SCI¢
obt
rad

en using metal-front screens for CR, good contact between the sensitive detector layer and screens
bquired. This can be achieved either by using*acuum-packed IPs or by applying preqsure. Lead
ens not in intimate contact with the IPs can.contribute to image unsharpness. The intgnsification
hined by use of lead screens in contact with imaging plates is significantly smaller than in film

ography.

Many IPs are very sensitive to low-ehergy backscatter and X-ray fluorescence of bac
from lead. This effect contributes significantly to edge unsharpness and reduced CNR and
mirlimized. It is recommended that steel or copper shielding is used directly behind the IPs.
a steel or copper shielding between a backscatter lead plate and the IP can improve the im3
Modglern cassette and detector.designs can consider this effect and can be constructed in
that additional steel or copper shielding outside the cassette is not required.

k-shielding
should be
n addition,
1ge quality.
h way such

NOTE Due to the protection layer between the lead and the sensitive layer of an IP, the effect of ingensification

by ¢
prot
at ty

Thd
by
in (

lectrons is congiderably reduced and appears at higher energies. Depending on the radiation
ection layer desigh, the effect of intensification amounts to between 20 % and 100 % (compared {
pical X-ray energies.

smallsintensification effect generated by a lead screen in contact with an IP can be co
ncréased exposure time or milliampere minutes if no lead screens are used. Since le|

energy and
D no screen)

Impensated
ad screens

ontact with IPs can generate scratches on IPs if not carefully separated for the sc3

n process,

lead screens should be used for Intermediate I1ltering of scattered radiation outside of cassettes. No
intermediate filtering is recommended for inspecting steel specimen having a thickness < 12 mm.

Table 3 and Table 4 show the recommended screen materials and thicknesses for different radiation
sources and CR. Other screen thicknesses and material types may also be agreed between the
contracting parties provided the required image quality is achieved. The usage of metal screens is
recommended in front of IPs and they can also reduce the influence of scattered radiation when used
with DDAs.

7.4 Alignment of beam
The beam of radiation shall be directed to the centre of the area being tested and should be perpendicular

to the object surface (except for arrangements of Figures 11, 13 and 14) at that point, except when it can
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be demonstrated that certain imperfections are best revealed by a different alignment of the beam. In
this case, an appropriate alignment of the beam is permitted. Other ways of digital radiographing may
be agreed between the contracting parties.

For better detection of lack of side wall fusion, the beam direction should be aligned with the weld
preparation angles.

7.5 Reduction of scattered radiation

7.5.1 Metal filters and collimators

In order tg reduce the effect of scattered radiation, direct radiation shall be collimated as muclll as
possible to[the section under testing.

With Se 7§, Ir 192 and Co 60 radiation sources or X-ray sources above 1 MV, or in the,cdse of gdge
scatter, a sheet of lead may be used as a filter of low-energy scattered radiation betweénthe object and
the cassetfle or DDA. The thickness of this sheet is 0,5 mm to 2 mm in accordance with the penetrdted
material thickness. Materials other than lead, such as tin, copper or steel, can also'be used as a filtgr. A
thin steel dr copper screen should be positioned between the lead sheet and thé detector.

7.5.2 Ingerception of backscattered radiation

The preserjce of backscattered radiation shall be checked for each agw CR test arrangement by mdans
of a lead lptter B (with a minimum height of 10 mm and a minimum thickness of 1,5 mm) plgced
immediately behind each cassette. This shall be outside the image of the weld and HAZ in the Adl. If
the image pf this symbol records as a lighter image on the digital radiograph (negative presentation,
i.e. decreaged linearized grey value), it shall be rejected. If the symbol is darker (increased linearized
grey value] or invisible, the digital radiograph is acceptable and demonstrates good protection agajnst
backscattefred radiation.

If necessarjy, the detector shall be shielded from backscattered radiation by a sheet of lead of at l¢ast
1 mm thickness or a sheet of tin of at least 1,5amm thickness placed behind the detector. An additi¢gnal
shielding of steel or copper (about 0,5 mm(thickness) shall be applied between the lead shield and|the
detector td reduce the influence of lead X-ray fluorescence radiation. No lead screens shall be usef in
contact with the backside of the detector*for X-ray potentials above 80 kV.

7.6 Source-to-object distance

The mininjum source-to-objeet distance, f,;,, depends on the source size or focal spot size, d, anq on
the object-fo-detector distance, b or b’ (measured from source side of object to sensitive detector layer).
The sourcd size or focal'spot size, d, shall conform to EN 12543 or EN 12679.

The manufacturer’s.values may be used if they conform to these documents.

When the Jource size or focal spot size is defined by two dimensions, the larger one shall be used.

For all exposure geometries, except for those in Figures 2 b), 8 b), 13 b) and 14 b), the distance, for f,
shall be chosen so that the ratio of this distance to the source size or focal spot size, d, i.e. f/d or f/d, is
not less than the values given by Formulae (2) and (3).

For simplification, the following formulae use only fand b. The formulae apply also for f’and b’as shown
in Figures 11, 13 and 14.
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For testing class A use Formula (2):

£27,5~b2/3
d

For testing class B use Formula (3):

wh

S 515.p23
d

red. fand b are expressed in millimetres

If tH
rep

For|determination of the source-to-object distance, f,,;, or f°,,;,,, the nomogram inigtre 21 c
Thif nomogram is based on Formulae (2) and (3).

For

the[distance, f’, shall be chosen so that the ratio of this distance to the source size, d, i.e. f/d, i
thevalues given by Formula (4) and Formula (5) if b/t > 1,2.

For|testing class A use Formula (4):

For

where d, £ t and b are expressed in milljmetres.

For
obje

unsharpness by a factor of two:

In d

thah testing class B shallbe used.

e distance, b, is less than 1,2 ¢, then the dimension, b, in Formulae (2) and (3) and Figuré
aced by the nominal thickness, t.

exposure geometries on the basis of Figures 2 b), 8 b), 13 b) and 14 b) (with magnificati

fo b
I >75
d a3

testing class B use Formula (5):
S 5152
d Ie

testing class A, if detection of\planar imperfections is a requirement, the minimum
ct distance, f;, or f,ip, Shall be the same as for testing class B in order to reduce the

ritical technical applications of crack-sensitive materials, more sensitive radiographic

(2)

3

21 shall be

hn be used.

pon v < 1,2),
5 not below

(4)

(5)

source-to-
geometric

techniques
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Figure ZT — Nomogram for the determination of minimum source-to-object distance,
fmin» in relation to object-to-detector distance, b, and the source size, d, except for the test
arrangements as shown in Figures 2 b), 8 b), 13 b) and 14 b)
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If f..i, is too small to expose the complete detector area, an increased SDD is recommended. In this case,
the SDD is calculated from the opening angle 28 of the X-ray tube window or the collimator of gamma
sources and the detector size (d,) by Formula (6).

SDD>0,5- dy (6)
tan ()

The typical opening angle of X-ray tube windows for NDT is 23 = 40° (¥20°). Formula (6) is simplified
for these tubes to Formula (7):

DD > 1.4-d, (7)

Tabje B.13 and Table B.14 provide the maximum values for SR,image with the duplex.wirg IQI in the
image or the SR, detector yalue of a reference exposure (if v < 1,2) for sufficient image quality|for testing
clags A and testing class B, respectively.

The calculation of b for the geometry of Figures 2 b), 8 b), 13 b) and 14 b) depends on the diftance, b,
of the planar detector at the edge for Figures 8 b), 13 b) and 14 b) or at the centre for Figurd 2 b) of the
Aolf the gap between sensitive detector layer and closest pipe surface (b,,,) and the wal| thickness
at the edge of the Aol. The value b shall be calculated as shown in, Figure fbased on Formula (8) to
Formula (10) or from a scaled drawing.

Testing class A:

b=beq +1,2-t+bg,, (8)

Testing class B:

b=beq +1,1-t+bg,, €)]
with
beq =(1_C05(a))'re (10)

where r,, boq and by, , are expressed in millimetres.

S S

T ERL L

\Q;L@\«Q/ t Mi\y// : =
= 77777

a
o)
=)

Q

TN

i
]

|

a) Arrangement for testing of curved objects b) Magnified presentation of the curved object to
and DWSI evaluation for rigid detectors evaluate and the detector

NOTE The value b4 is measured in Figure 2b) in the centre of the WAE.

Figure 22 — Scheme for the determination of b for DWSI exposures with rigid cassettes or rigid
DDAs [Figures 13 b) and 14 b)] shown for Figure 13 b) and testing class A
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The calculation of b for application of DDAs for panoramic testing in accordance with Figure 5 b) (central
projection) depends on the distance of the planar detector at the edge (b,4) of the Aol, the gap between
detector and outer pipe surface (b,,,) and the wall thickness at the edge of the Aol. The value b shall be
calculated in accordance with Formula (11) and Formula (12) or from a scaled drawing.

Testing class A and B:

b=beq +t+bgy, (11)
with
b=— (o +bgay ) 12)
T cog ¢ gp/

where b, by, b r;and t are expressed in millimetres.

gap’ rel

Since Fornpula (10) is difficult to handle for practitioners, Figure 23 can be used\to’determine| b4
depending|on the number of exposures (N) and the external diameter (D,) of\the pipe to test, in
accordance¢ with Figures 2 b), 8 b), 13 b) and 14 b). See Annex A for the determination of the requjred
number of exposures (N).
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Key)
i N=4
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1l _ _ N=6
4 ____ N=7
1l ____ N=8
1l . N=9
Y PR, N=10
beq distance of the planar detector at the edge of the pipe for Figures 8 b), 13 b), 14 b) anfl 22 b) or in
the centre for Figure 2 b), in mm
D, external diameter of the pipe, in mm
Fighire 23 — Graphfor determination of b_; depending on the required number of exppsures (N)
and theexternal diameter (D,) of the pipe to test with the DWSI technique
If (4/t) > 1,25then the f;, for b = t, as determined from Figure 21, shall be increased by the increase
factor, Cswrhich is calculated by Formula (13) to conform to the unsharpness requirements|for curved
detgctors’' in contact with the object depending on material thickness t [see also Formyla (4) and
- " - . *
Fluula r|5\[]. Cuuacqucutl_y, the—minmmmr-soutree—to UIUJC\,t distance fmin for plaual detectors [See

Figures 2 b), 5 b), 8 b), 13 b) and 14 b)] is calculated by Formula (13).

1

b f fonin (b=0) (13)

t

fr;in =Ci* fmin (b:t)Z(

* - - .
where .. fiin, b and t are expressed in millimetres.
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The determination of f;lin shall be performed as follows:

— Determine the value of b,,, from the requirements of the mechanical set-up, considering weld cap
thickness, detector casing thickness or cassette thickness and location of the sensitive detector
layer.

— Determine, for the planar detectors or planar cassettes, b4 as function of the detector size and the
number of required exposures:

— Consider the required overlap in the images, which reduces the effective detector size.

— Ddtermine b, for the exposure geometries as given in Figures 2 b), 8 b), 13 b) or 14 b)-using
Formula (10), or determine b using Formula (12) for the exposure geometry given in Figlire’d b).

— Alfernatively, b4 can be estimated from Figure 23 for the exposure geometriés’given in
Figures 8 b), 13 b) or 14 b).

— Alfernatively, b4 can be determined from scaled drawings.

— b} corresponds to the increase in b due to the curvature of the object, if the exposure geomgtry
is pased on Figure 2 b).

— Calculate b considering ¢, bgap and b4 [see Formulae (8), (9) or (11)}.

— Use Figure 21 or Formula (2) or Formula (3) (depending on testing class) to calculate f, ;.

— Use Figure 24 to determine C; from the ratio b/t (if b/t > 1,23:dnd calculate fr;in using Formula ([13).

— Alternatively, Formula (4) or (5) can be used depending on the testing class.

1,8

1,6 P

1,4

1 3 5 7 9 10 X

Key
X ratiob/t
Y factor for increase, C;

Figure 24 — Factor for increase of f,; as determined from Figure 21 if b/t > 1,2, as considered

in Formulae (4), (5) and (13)
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If the detector unsharpness is close to the permitted geometric unsharpness, the [QI visibility as defined
in Tables B.1 to Table B.12 is achieved only by increased f;,, or f*;, (see Annex F) and/or higher SNR
(CPID).

When using the elliptical technique specified in 7.1.6 (Figure 11) or the perpendicular technique
specified in 7.1.7 (Figure 12), b or b’ shall be replaced by the external diameter, D, of the pipe in
Formula (2) and Formula (3) and in Figure 21.

When the source is outside the object and the detector is on the other side [the technique described in
7.1.8 (Figures 13 to 16) as double-wall penetration and single-image evaluation], the minimum source-
to-object distance is determined only by the wall thickness (i.e. not by the pipe diameter).

Wh
pla

bre possible, it is preferable to avoid usage of a double-wall technique (see 7.1.8, Figuresi
ing the radiation source inside the object to be radiographed, to achieve a more suitable (

3 to 16) by
lirection of

pen|
sho
cen
tha
min
by t
For

one
of 1

etration [see 7.1.4 and 7.1.5 (Figures 5 to 10)]. The reduction in minimum source-tg-obje
1ld not be greater than 20 % provided that IQI requirements are met. When-the sourcq
frally inside the object and the detector outside (technique shown in 7.1.4, Eigure 5) an

the IQI requirements are met, this percentage may be increased., However, the re
imum source-to-object distance shall not be greater than 50 %. A further reduction may
he contracting parties provided that the IQI requirements are met;

the central projection (Figure 5), an increased geometric unshaspness may be accepted,

ables B.1 to B.4 are met. This permits either the reduetion of f as described (max 50

ct distance
 is located
d provided
duction in
r be agreed

permitting

duplex wire pair value less than required in Table B.13 or B\14, provided that the IQI requirements

%) or the
.13 or B.14.

application of a detector with one basic spatial resolution value less than required by Table B
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Geometric magnification technique

usage of the magnification technique, as described in this subclause, is recommended if a
metry is applied with v > 1,2.

bbstacle to the application of CR and DDA systems for weld radiography is the large (=5
of most DDAs and most IP-scannér systems compared with the small grain size in
e a very low inherent unsharpness). This difficulty can be circumvented by taking ad

ded.

E
etric magnificationprovides a reduction in image unsharpness.

required IQJ-sénsitivity (proven by single wire or step-hole IQI) and SR, ™ag¢ (prove
e 1Q], see also.Ahnex C) do not meet the requirements given in the appropriate Tables

1 exposure

) um) pixel
film (films
vantage of

property of DDAs to increase the SNRy (CP II) in the image and/or the geometric magnfification, if

Geometric magnifieation is different from digital magnification (zoom) of displayed images. Only

by duplex
B.1 to B.14,

option is t@’increase the image SNR (see 7.3.2, CP II).

ther .option is the application of the geometric magnification technique with increase

veen the [P or DDA and the object combined with usage of an X-ray tube with a small foc

d distance
ql spot or a

gamna-ray source with small source size.

Finally, if the required IQI values are still not visible after employing both methods, the CR system or
the DDA shall not be used for that testing.

The correct selection of magnification shall be proven by usage of the duplex wire IQI on the object in
all production radiographs. The duplex wire IQI shall be positioned on the side of the object nearer to
the detector, if 2-SRjdetector < g, Otherwise, the duplex wire IQI shall be positioned on the source side
of the object. It is recommended that duplex wire IQIs are positioned on both sides of the object for
selection of the magnification value, but only one needs to be seen in the final production radiographs
after selection of the correct magnification factor and source size.

IQIs can disturb digital images if automated defect recognition is applied. If no IQIs are used for a series
of production radiographs, the image quality shall be proven periodically by reference images with
wire IQIs or step-hole 1QIs and duplex IQls.
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The image unsharpness, u;,,, can be estimated from the magnification, v, the geometric unsharpness,

ug, and the

where

.

The magni
unsharpne
This shall

Magnificat|
provides b

v, =1

The magn
Therefore,
magnificat
magnificat

7.8 Max

The numbyq
17,18 and
to 10 and 1

SDD _,

+(

fication factor is typically different for the source and_thé detector sides of the object.

SRy detector ysing Formula (14) and Formula (15).

2
1\/(uG )2+(2.SRgetector)

Um ==
1%

7 )dz(v—l)d

(14)

(15)

fication shall be increased and/or the focal spot size shall be decreased to reduce the'in
5s so thatitis less than or equal to the appropriate value specified in Table B.13 or Tahlé H

age
14.

e proven by a duplex wire IQI, positioned on the object, as described earlier in this subcla

bst sharpness for a given source size, d, and SRydetector js given by Formula‘(16).
Z_SRI()ietector 2
d

the magnification, v, should be selected for the object centre. The variation of
ion value between the source side and the detector side should be within * 25 %. Sma
ion values may be chosen if the CP I, as described in<Z3.2, is used.

imum area for a single exposure

r of digital radiographs for complete testing and evaluation of flat welds (see Figures 1}
19) and of curved welds with the radiation source arranged off-centre (see Figures 2 to
3 to 16) should be specified in accordance with technical requirements.

The ratio df the penetrated thickness at the.outer edge of an evaluated area of uniform thickness to

thickness 4
the area to

The SNRy
indicated i
of SNRy va

The size o
(WAE). Ea
lettersint

The deter

t the centre beam shall not be more than 1,1 for testing class B and 1,2 for testing class |
be evaluated per exposure\(WAE).

yalues resulting from-any variation of penetrated thickness should not be lower than th
h Table 3 or Table 4CThis is the evaluable area. Alternatively, grey values may be used inst
lues for CR, as shown in Annex D.

[ the weld akea to be tested and evaluated includes the weld and the heat-affected zq
Ch single-exposure shall comprise the WAE and all required IQIs, marks and identifica
e Aol.

ination of the numbers of radiographs that provide an acceptable testing of a circumferer]

[1S€e.

jon can be used to minimize the image unsharpness. The optimum magnifi¢ation, v, which

16)
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butt weld dhall be carried gut as described in Annex A

This subclause applies for manual testing and automated testing in start/stop mode. It does not apply
for automated testing in continuous mode.

7.9 Processing

7.9.1 Scan and read-out of images

Detectors or scanners shall be used in accordance with the conditions recommended by the detector or
scanner manufacturer to obtain the selected image quality. The digital radiographs should be free from

artefacts d

34

ue to processing and handling or other causes which interfere with interpretation.
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7.9.2 Correction of acquired DDA images

If using DDAs, the detector image correction procedure (calibration) as recommended by the
manufacturer shall be applied. The detector images shall be corrected with a background image
(without radiation) and at least with one gain image (X-rays on and homogeneously exposed). Multi-
gain image correction will increase the achievable SNRy and linearity but takes more time. To minimize
the noise due to image correction, all correction images (gain images and background image) shall be
taken with an exposure dose (milliampere minutes or giga becquerel minutes) at least twice as large
as the dose used for the inspection radiographs. Corrected images should be treated as original images

for quality assurance if the procedure has been documented. The image correction shall be performed
per odicallvy and if the exposure conditions r‘hnngp Qignifir‘nn‘rlv

It i§ recommended that the DDA image correction is repeated if different frame times,afe selected
sepprately. The number of frames of the correction images should be at least two times Higher than
usef for the production radiographs.

7.9{3 Bad pixel interpolation

If uping DDAs, the detector shall be mapped to determine the bad pix€lymap in accordange with the
manufacturer guideline. This bad pixel map shall be documented. Bad-pixel interpolation is|acceptable
and| an essential procedure for radiography with DDAs. It is recon¥mended that only DDA{ having no
clugter kernel pixels (CKPs) in the Aol be used.

DDAs without CKPs and CR which have a basic spatial resglution (SR detector) of less than pr equal to
that required in Table B.13 or Table B.14 shall be applied for inspection. If the magnificatior} technique
is ulsed then the SR;mage shall be determined from the measured image, as described in Apjinex C, but
with the duplex IQI directly on the test object (see ZZJ. This SR, ™ag¢ value shall be less than or equal
to the values given in Table B.13 or Table B.14. If the detector or image SR, is higher than gpecified in
Tabje B.13 or Table B.14, the CP II, as described in7.2.3, may then be applied.

If uping DDAs or imaging plates for inspegction of flaw sizes of the order of the SR,™mage, tHe required
SNRy shall be increased significantly. The inspection shall be performed on the basis of anfagreement
betfveen the contracting parties. The'specified increase in SNRy can compensate for locally increased
unsharpness due to bad pixel interpolation.

Thd evaluation for bad pixels shall be performed periodically.

NOTE By analogy to the CPI, the increased SNRy also compensates for the local unsharpness cqused by bad
pixdl interpolation. This js'‘considered as CP III.

7.914 Image processing

79.4.1 The digital data of the radiographic detector shall be evaluated with linearized [grey value
representation, which is directly proportional to the radiation dose for determination of §NR, image
or detector SR, and SNRy. For optimal image display, contrast and brightness should be interactively
adjystable. Optional filter functions, profile plots and an SNR, SNRy tool shall be integratgd into the
software for image display and evaluation. For critical image analysis, the operator shall interpret the
image with a zoom factor between 1:1 (meaning one pixel of the digital radiograph is presented by one
monitor pixel) and 1:2 (meaning one pixel of the digital radiograph is presented by four monitor pixels).

79.4.2 Further means of image processing applied on the stored raw data (e.g. high-pass filtering for
image display) shall be documented, be repeatable and be agreed between the contracting parties.

79.4.3 If further image processing (e.g. high-pass filtering) is used when evaluating single wire or
step-hole 1QI values, then the same filter parameters shall be used for both weld evaluation and IQI
value determination.
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7.10 Monitor viewing conditions and storage of digital radiographs

The digital radiographs shall be evaluated in a darkened room. The monitor set-up shall be verified

with a suitable test image.

The display for image evaluation shall fulfil the minimum requirements a) to d):
a) minimal brightness of 250 cd/m?;

b) display of at least 256 shades of grey;

c) minim,

d) display of at least 1 million pixels of a pixel size < 0,3 mm.

The original images shall be stored at the full resolution as delivered by the detector system) Only inf
processing connected with the detector image correction [e.g. offset (background) dorTection, §
correction|for detector equalization and bad pixel correction, see ASTM E2597] to provide artefact-
detector images shall be applied before storage of these raw data.

The data storage shall be redundant and supported by suitable back-up strategies to ensure long-t
storage using lossless data compression only.

8 Test feport

For each ekposure or set of exposures, a test report shall be quade giving information on the dig
radiograpllic technique used and on any other special circumstances which allow a better understanc
of the results.

The test report shall include at least the following infexmation:
a) areference to this document, i.e. ISO 17636-2:2022;

b) name ¢f the testing body;

c) testobject;

d) material;

e) produgtion stage, e.g. heat freatment, machining;

f) type of weld; optional photograph;

g) material thickness,¢,and total weld thickness;

h) welding process;

i) testing specification, if different or additional to this document;

age
bain
Tee

ime

ital
ling

j) requirements for acceptance (e.g. ISO 10675-1 or ISO 10675-2);

k) radiographic technique in accordance with 7.1 (Figures 1 to 19) and testing class, required
achieved image quality values (IQI values) in accordance with this document (Annex B);

1) magnification;

m) system of marking used;

n) detector position;

0) type of radiation source and size of focal spot and identification of equipment used;

p) detector, screens and filters and detector basic spatial resolution;

and
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q) achieved and required SNRy for DDAs or achieved and required grey values and/or SNRy for CR;

r) for CR: scanner type and set-up parameters, such as pixel size, scan speed, gain, laser intensity and
laser spot size, if available;

s) for DDAs: type and parameters, such as gain, frame time, frame number, pixel size and image
correction procedure (calibration), if available;

t) tube voltage used and current or source type and activity;

u) time of exposure and source-to-detector distance;

v) [type and position (detector or source side) of IQls;

w) |results of evaluation, including data on software used and IQI readings;
x) |image-processing parameters used, for example of the digital filters;

y) |any deviation from this document, by special agreement;

z) |name, certification and signature of the responsible person(s), e.g. RT operator or| RT image
interpreter;

aa) |any unusual features observed;

bb

Nt

date(s) of exposure and test report.
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Annex A
(normative)

Number of exposures for acceptable testing of a circumferential
butt weld

The minimum number of exposures required is presented in Figures A.T to A.4, which are valid forp]pes
except those tested using double-wall double-image techniques according to 7.1.6 and 7.1.7 (Figur¢ 11
and Figure[12).

When the dleviation of the wall thickness, At/t, of the joint to be tested using a single exposure does|not
exceed 20 Vo (testing class A), Figure A.3 and Figure A.4 are used. This technique is recommended ¢nly
when the possibility of having transverse cracks is small or the weld is tested for such-imperfectionf by
other non-glestructive test methods.

When At/tfis less than or equal to 10 % (testing class B), Figure A.1 and FigureA.2 are used. In this cpse,
it is likely lhat transverse cracks are also detected.

If the objgct is tested for single transverse cracks then the required minimum number of digital
radiograpls shall be higher than the values in Figures A.1 to A.4.
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Figure A.1 — Minimum number of exposures, N, for single-wall penetration with source outside
considering a maximum permissible increase in penetrated thickness of At/t = 10 % (testing
class B) as a function of ratios ¢/D, and D,/f, due to inclined penetration in the evaluable areas of
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Figure A.2 — Minimum number of exposures, N, for off-centre penetration with source inside
and for double-wall penetration considering a maximum permissible increase in penetrated
thickness At/t = 10 % (testing class B) as a function of ratios ¢/D, and D_./SDD, due to inclined

penetration in the evaluable areas of sufficient SNR
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Figure@ A.3 — Minimum number of exposures, N, for single-wall penetration with sourfe outside
considering a maximum permissible increase in penetrated thickness At/t = 20 % (testing class
A) as a function of ratios t/D, and D,/f, due to inclined penetration in the evaluable areas of
sufficient SNR),
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Figure A.4 — Minimum number of exposures, N, for off-centre penetration with source inside
and for double-wall penetration considering a maximum permissible increase in penetrated
thickness At/t = 20 % (testing class A) as a function of ratios t/D, and D,/SDD, due to inclined

penetration in the evaluable areas of sufficient SNR
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B.1

Annex B

(normative)

Minimum image quality values

General
Fenera:

IS0 17636-2:2022(E)

The
exc

B.2

minimum image quality indicator values (IQI values) of Tables B.1 to B.14 shall~be dchieved or
beded for acceptance of testing class A or testing class B testing quality.

Single-wall technique — IQI on source side

Table B.1 — Wire IQI

Minimum IQI values for testing class A
Nominal thickness 1QI value?
t
mm

to 1,2 W 18
above 1,2 to 2,0 W17
above 2,0 to 3,5 W16
above 3,5 to 5,0 W15
above 5,0 to 7 W 14
above 7 to 10 W13
above 10 to 15 W12
above 15 to 25 w11
aboyve 25 to 32 W10
above 32 to 40 w9
above 40 to 55 w8
above 55 to 85 w7
above 85 to 150 W6
above 150 to 250 W5
above 250 W4

a2 For exceptions when using gamma ray sources, see 6.9.

Table B.2 — Step and hole IQI

Minimum IQI values for testing class A

Nominal thickness 1QI value?
t
mm
to 2,0 H3
above 2,0 to 3,5 H4
above 3,5 to 6 H5
above 6 to 10 H6

a For exceptions when using gamma ray sources, see 6.9.
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Table B.2 (continued)

Minimum IQI values for testing class A

Nominal thickness IQI value?
t
mm
above 10 to 15 H7
above 15 to 24 H8
above 24 to 30 H9
above 30 TO 70 H 10
above 40 to 60 H11
above 60 to 100 H12
above 100 to 150 H 13
above 150 to 200 H 14
above 200 to 250 H 15
above 250 to 320 H 16
above 320 to 400 H 17
above 400 H 18

a For exceptions when using gamma ray sources, se€ 6.9.

Table B.3 — Wire IQI

Minimum IQI values for testing class B

44

Nominal thickness IQI value?
t
mm

to 1,5 w19
above 1,5 to 2,5 W 18
above 2,5 to 4 W17
above 4 to 6 W16
above 6 to 8 W 15
above 8 to 12 W 14
above 12 to 20 W13
above 20 to 30 w12
above 30 to 35 W11
above 35 to 45 W10
above 45 to 65 w9
above 65 to 120 W8
above 120 to 200 w7
above 200 to 350 W6
above 350 W5

a

For exceptions when using gamma ray sources, see 6.9.
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Table B.4 — Step and hole IQI

Minimum IQI values for testing class B

IS0 17636-2:2022(E)

Nominal thickness IQI value?
t
mm

to 2,5 H2
above 2,5 to 4 H3
above 4 to 8 H 4
above o to 12 HS
above 12 to 20 H6
above 20 to 30 H7
above 30 to 40 H8
above 40 to 60 H9
above 60 to 80 H 10
above 80 to 100 H 11
above 100 to 150 B2
above 150 to 200 H 13
above 200 to 250 H 14

a

For exceptions when using gammaray sources, see 6.9.

B.3 Double-wall technique — Double-image evaluation (DWDI): IQI on s¢urce

sidle

Table B.5 — Wire IQI

Minimtim IQI values for testing class A

Penetrated thickness IQI value?

w

mm
to 1,2 W18
above 1,2 to 2 W17
above 2 to 3,5 W16
above 3,5 to 5 W15
above 5 to 7 W 14
above 7 to 12 W13
above 12 to 18 W12
above 18 to 20 W11
above 30 to 40 W10
above 40 to 50 W9
above 50 to 60 w8
above 60 to 85 w7
above 85 to 120 W6
above 120 to 220 W5
above 220 to 380 W 4
above 380 W3

a

For exceptions when using gamma ray sources, see 6.9.
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Table B.6 — Step and hole IQI

Minimum IQI values for testing class A

Penetrated thickness 1QI value?

w

mm
to H3
above 1 to 2 H 4
above 2 to 3,5 H5
above 3,0 to 5,0 HO6
above 5,5 to 10 H7
above 10 to 19 H8
above 19 to 35 HO9

a

For exceptions when using gamma ray sources, see 6.9.

Table B.7 — Wire IQI

Minimum IQI values for testing class B

Penetrated thickness 1QI valued
w
mm

to 1,5 W19
above 1,5 to 2,5 W18
above 2,5 to 4 W17
above 4 to 6 W16
above 6 to 8 W 15
above 8 to 15 W 14
above 15 to 25 W13
above 25 to 38 W12
above 38 to 45 W11
above 45 to 55 W10
above 55 to 70 W9
above 70 to 100 w8
above 100 to 170 w7
above 170 to 250 We
above 250 W5

a

For exceptions when using gamma ray sources, see 6.9

46

Table B.8 — Step and hole IQI

Minimum IQI values for testing class B

Penetrated thickness IQI value?
w
mm
to 1 H 2
above 1 to 2,5 H3
above 2,5 to 4 H 4
above 4 to 6 H5

a

For exceptions when using gamma ray sources, see 6.9
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Table B.8 (continued)
Minimum IQI values for testing class B
Penetrated thickness IQI value?
w
mm
above 6 to 11 H6
above 11 to 20 H7
above 20 to 35 H8

IS0 17636-2:2022(E)

B.4
(D

< rorexceptions wnen using gamind ray sources, see 6.7

Table B.10 — Step and hole IQI

Double-wall technique — Single-image (DWSI) or double-image levaluation
WVDI): IQI on detector side
Table B.9 — Wire IQI
Minimum IQI values for testing class A
Penetrated thickness 1QI value?
w
mm

to 1,2 W18
above 1,2 to 2 W17
above 2 to 3,5 W16
above 3,5 to 5 W15
above 5 to 10 W 14
above 10 to 15 W13
above 15 to 22 W12
above 22 to 38 w11
above 38 to 48 W10
above 48 to 60 w9
above 60 to 85 w8
above 85 to 125 w7
above 125 to 225 W6
above 225 to 375 W5
above 375 W4
a  For exceptions when using gamma ray sources, see 6.9

©IS

Minimum IQI values for testing class A

Penetrated thickness IQI value?

w

mm
to H3
above 2 to H 4
above 5 to H5
above 9 to 14 H6
above 14 to 22 H7

a2 For exceptions when using gamma ray sources, see 6.9

02022 - All rights reserved
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Table B.10 (continued)

Minimum IQI values for testing class A

Penetrated thickness IQI value?
w
mm
above 22 to 36 H8
above 36 to 50 H9
above 50 to 80 H 10

T

For exceptions when using gamind ray sources, see 6.7

Table B.11 — Wire IQI

Minimum IQI values for testing class B

Penetrated thickness IQI value?
w
mm

to 1,5 w19
above 1,5 to 2,5 W18
above 2,5 to 4 WY
above 4 to 6 W 16
above 6 to 12 W 15
above 12 to 18 W 14
above 18 to 30 W13
above 30 to 45 W12
above 45 te 55 W11
above 55 to 70 W10
above 70 to 100 W9
above 100 to 180 w8
above 180 to 300 w7
above 300 A9

Eor exceptions when using gamma ray sources, see 6.9

Table B.12 — Step and hole IQI

Minimum IQI values for testing class B

48

Penetrated thickness IQI value?

w

mm
to 2,5 H2
above 2,5 to 5,5 H3
above 5,5 to 9,5 H 4
above 9,5 to 15 HS5
above 15 to 24 H6
above 24 to 40 H7
above 40 to 60 H8
above 60 to 80 HO9

a

For exceptions when using gamma ray sources, see 6.9
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B.5 Unsharpness

Table B.13 — Maximum image unsharpness for all techniques, testing class A

Testing class A: Duplex wire ISO 19232-5

Minimum IQI value and maxi- Maximum basic spatial resolution
Penetrated thickness (equivalent to wire thickness and
mum unsharpness < b
wa spacing)®
(IS0 19232-5)bc SRbdeteCtor
mm mm mm
D 13
w<1,0 0,05
0,10
D12
1,0kw<1,5 0,063
0,125
D11
1,5kw<2 0,08
0,16
D 10
2<w<5 0,10
0,20
D9
5<w<10 0,13
0,26
D8
10 fw<25 0,16
0,32
D7
25 xw<55 0,20
0,40
D6
55 xw<150 0,25
0,50
D5
154 <w < 250 0,32
0,64
D 4
w>250 0,4
0,80
a  |For double-wall technigue, single-image, the nominal thickness, ¢, shall be used instead of the penetrated §hickness, w.
b |The IQI readingdor-System selection (see Annex C) applies for contact radiography. If the geometric njagnification
teclinique (see 7.7)isused, the IQI reading shall be performed in the corresponding reference radiographs.
¢ |If magnification, v, is > 1,2, then SR,image shall be used instead of SR detector,
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Table B.14 — Maximum image unsharpness for all techniques, testing class B

Testing class B: Duplex wire ISO 19232-5

L. . Maximum basic spatial resolu-
Penetrated thickness Minimum IQI value and maxi- |jop (equivalent to wire thickness
mum unsharpness and spacing)b-c
v (IS0 19232-5)b« detector
SR
mm mm mm
D 14 (D 13+)d
w<1,5 0.04
0,08
D13
1,5<w<4 0,05
0,10
D12
4<w<8 0,063
0,125
D11
8<w<12 0,08
0,16
D 10
12 <w <40 0,10
0,20
D9
40<w<120 0,13
0,26
D8
120 <w < 200 0,16
0,32
D7
w> 200 0,20
0,40

a  Fordou

b The IQI
technique (s

d  D13+is

NOTE  Th¢
effectively a
results will
values.

¢ Ifmagnffication, v, is > 1,2, then SR,i™mage shall be used instead of SR, detector,

le-wall technique, single-image, the nominal thickness, ¢, shall be used instead of the penetrated thicknesq, w.

reading for system selection (see Annex'C) applies for contact radiography. If the geometric magnificafion
pe 7.7) is used, the IQI reading shall be performed in the corresponding reference radiographs.

achieved if the duplex wire pair.D 13 is resolved with a dip larger than 20 %.

duplex wire IQIs can beused effectively with tube voltages up to 600 kV. The wire pairs > 13 can be ysed
tube voltages lower than225 kV. When using source voltages in the megavolt range, it can be possible thaf the
ot be completely satisfactory. SR, detector yalues can be determined but it will be difficult to measure SR,i[rage
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Annex C
(normative)

Determination of basic spatial resolution

Lineariz |
valyes;

age. T

ed grey levels are the precondition for the measurement of correct basic spatia

his is tpically supported by the manufacturer's software.

Sompe digital filters modify the unsharpness measurement. It is recommended that SR{age o
is measured in the raw images only.

The
be ¢
SR,
dat

duplex wire IQI shall be positioned directly on the detector surface or,cassette surfac
valuated in accordance with ISO 19232-5 for determination of the detector basic spatial
letector, The evaluation shall be performed using the corrected unfiltered digital radiog
h) of the duplex wire IQI with a profile function without interpolation;as described in ISC

NOTE If the duplex wire IQI is positioned on a test object instead of directly on the detector, a m
of the image basic spatial resolution SR, /™mage is then obtained, not thedetector basic spatial resolutio

The
orie

duplex wire IQI shall be positioned at an angle of appreximately 2° to 5° towards the row
ntation in order to avoid aliasing effects as shown [SO19232-5.

Aut
orr
exc

pmated DDA inspection systems may use a detection mode as continuous movement (e.g.
otation) or start/stop acquisition. The image uisharpness of moving or start/stop systen
bed the values of Table B.13 or Table B.14.

Hen
isa

ce, for automated inspection systems, awadditional SR,imag¢ measurement, where duple
cquired with the continuous movement on, shall be provided too.

The
per

a)

determination of the basic spatial resolution for a digital detector system (SR, detect
formed under one of the following exposure conditions without object:

inspection of light alloys:
— tube voltage 90 kV;
— prefilter mm Al;

b) |inspectionefsteel and copper alloys < 20 mm penetrated thickness:
— tube voltage 160 kV;

prefilter 1 mm Cu;

resolution
tion of the

L SRbdetector

e and shall
resolution
raphs (raw
19232-5.

leasurement
h SRbdetector_

or column

franslation
s shall not

k [QI image

) shall be

c) inspection of steel and copper alloys > 20 mm penetrated thickness:
— tube voltage 220 kV;
— prefilter 2 mm Cu;

d) gamma-radiography or high-energy radiography:

— use the gamma-ray source as specified or X-ray source > 1 MV;

— prefilter 2 mm Cu or 4 mm steel for Se 75, Ir 192 and 4 mm Cu or 8 mm steel for Co 60 or X-ray

voltage > 1 MV.

© IS0 2022 - All rights reserved

51


https://standardsiso.com/api/?name=f5c37c2241b524f5ce822829afdc31a9

	Foreword 
	1 ​Scope 
	2 ​Normative references 
	3 ​Terms and definitions 
	4 ​Symbols and abbreviated terms 
	5 ​Classification of radiographic techniques and compensation principles 
	5.1 ​Classification 
	5.2 ​Compensation principles, CP I, CP II or CP III 
	5.2.1 ​General 
	5.2.2 ​Compensation principle I (CP I) 
	5.2.3 ​Compensation principle II (CP II) 
	5.2.4 ​Compensation principle III (CP III) 
	5.2.5 ​Theoretical background 


	6 ​General preparations and requirements 
	6.1 ​Protection against ionizing radiation 
	6.2 ​Surface preparation and stage of manufacture 
	6.3 ​Location of the weld in the radiograph 
	6.4 ​Identification of radiographs 
	6.5 ​Marking 
	6.6 ​Overlap of digital images 
	6.7 ​Types and positions of image quality indicators (IQIs) 
	6.7.1 ​General 
	6.7.2 ​Duplex wire IQIs 
	6.7.3 ​Single wire or step-hole IQIs 

	6.8 ​Evaluation of image quality 
	6.9 ​Minimum image quality values 
	6.10 ​Personnel qualification 

	7 ​Recommended techniques 
	7.1 ​Test arrangements 
	7.1.1 ​General 
	7.1.2 ​Single-wall penetration of plane objects (see Figure 1) 
	7.1.3 ​Single-wall penetration of curved objects with the source outside the object (see Figures 2 to 4) 
	7.1.4 ​Single-wall penetration of curved objects with the source inside the object for panoramic exposure (see Figures 5 to 7) 
	7.1.5 ​Single-wall penetration of curved objects with the source located off-centre and inside the object (see Figures 8 to 10) 
	7.1.6 ​Double-wall penetration and double-image evaluation (DWDI) of pipes with the elliptic technique and the source and the detector outside the object (see Figure 11) 
	7.1.7 ​Double-wall penetration and double-image evaluation (DWDI) with the perpendicular technique and source and detector outside the object (see Figure 12) 
	7.1.8 ​Double-wall penetration and single-image evaluation (DWSI) of curved objects for evaluation of the wall next to the detector (see Figures 13 to 16) 
	7.1.9 ​Penetration of objects with different material thicknesses (see Figure 17 to 19) 

	7.2 ​Choice of tube voltage and radiation source 
	7.2.1 ​X-ray devices up to 1 000 kV 
	7.2.2 ​Other radiation sources 

	7.3 ​Detector systems and metal screens 
	7.3.1 ​Minimum normalized signal-to-noise ratio (SNRN) 
	7.3.2 ​Compensation principle II 
	7.3.3 ​Metal screens for IPs and shielding 

	7.4 ​Alignment of beam 
	7.5 ​Reduction of scattered radiation 
	7.5.1 ​Metal filters and collimators 
	7.5.2 ​Interception of backscattered radiation 

	7.6 ​Source-to-object distance 
	7.7 ​Geometric magnification technique 
	7.8 ​Maximum area for a single exposure 
	7.9 ​Processing 
	7.9.1 ​Scan and read-out of images 
	7.9.2 ​Correction of acquired DDA images 
	7.9.3 ​Bad pixel interpolation 
	7.9.4 ​Image processing 

	7.10 ​Monitor viewing conditions and storage of digital radiographs 

	8 ​Test report 
	Annex A (normative) Number of exposures for acceptable testing of a circumferential butt weld 
	Annex B (normative) Minimum image quality values 
	Annex C (normative) Determination of basic spatial resolution 
	Annex D (informative) Determination of minimum grey values for CR practice 
	Annex E (informative) Grey values — General remarks 
	Annex F (informative) Considering the detector unsharpness for fmin 
	Annex G (informative) Calculation of recommended X-ray tube voltages from Figure 20 
	Bibliography 

