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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
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entat, in_fiaison with IS0, also take part In the Work. SO collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

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

Ask of technical committees is to prepare International Standards. Draft Interriational Stand
the technical committees are circulated to the member bodies for voting.“Publication ag
| Standard requires approval by at least 75 % of the member bodies casting'a.vote.

drawn to the possibility that some of the elements of this document may be the subject of pd
shall not be held responsible for identifying any or all such patent rights.

P was prepared by the European Committee for Standardization (CEN) in collaboration with
ommittee TC 44, Welding and allied processes, Subcommittee SC 5, Testing and inspectio
cordance with the Agreement on technical cooperation between ISO and CEN (Vienna Agreem

ition, together with 1ISO 17636-1, cancels and replaces 1SO 17636:2003, of which it constitut
vision.

consists of the following parts, under the\ general title Non-destructive testing of welq
ic testing:

X- and gamma-ray techniques with-film

X- and gamma-ray techniquestwith digital detectors
nanges are that:

mative references have been updated;

cument has been divided into two parts — this part of ISO 17636 is applicable to radiogra
with digital detectors;

evices up'to 1 000 kV have been included;
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Annex

D on determination of minimum grey values for CR practice has been introduced;

E with general remarks on grey values has been added;

the text has been editorially revised.

Requests for official interpretations of any aspect of this part of ISO 17636 should be directed to the
Secretariat of ISO/TC 44/SC 5 via your national standards body. A complete listing of these bodies can be

found at www.iso.org.
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Introduction

This International Standard specifies fundamental techniques of radiography with the object of enabling
satisfactory and repeatable results to be obtained economically. The techniques are based on generally
recognized practice and fundamental theory of the subject, inspection of fusion welded joints with digital
radiographic detectors.

Digital detectors provide a digital grey value image which can be viewed and evaluated with a~cotpputer only.
The| practice describes the recommended procedure for detector selection and radiogpaphfic practice.
Selgction of computer, software, monitor, printer and viewing conditions are important but“are npt the main
focys of this part of ISO 17636.

Thel| procedure specified in this part of ISO 17636 provides the minimum requitements and prdctice which
pernits exposure and acquisition of digital radiographs with equivalent “sensitivity for detection of
imperfections as film radiography, specified in ISO 17636-1.
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Part 2:

X-

and gamma-ray techniques with digital detectors
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requirements for radiographic jpractice which permit exposure and acquisition of digital radio
valent sensitivity for detection of imperfections as film radiography, as specified in ISO 17636-1.
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Scope

part of ISO 17636 specifies fundamental techniques of digital radiography, with the object
sfactory and repeatable results to be obtained economically. The techniques are based o
gnized practice and fundamental theory of the subject.

part of ISO 17636 applies to the digital radiographic examination of fusion welded joints
brials. It applies to the joints of plates and pipes. Besides its conventional meaning, “pipe”, as

rnational Standard, covers other cylindrical bodies such as tubes, penstocks, boiler drums, a
bels.
E This part of ISO 17636 complies with EN 14784-2.[6]

part of ISO 17636 specifies the requirements for, digital radiographic X- and gamma-ray testi
puted radiography (CR) or radiography with djgital detector arrays (DDA) of the welded joints
ps and tubes for the detection of imperfections:

tal detectors provide a digital grey value((GV) image which can be viewed and evaluated using
part of ISO 17636 specifies the recotnmended procedure for detector selection and radiograp

s of this part of ISO 17636. The procedure specified in this part of ISO 17636 provides th

bgraphs.

ntracting parties apply lower test criteria, it is possible that the quality achieved is significantly
n this part-of ISO 17636 is strictly applied.

of enabling
n generally

in metallic
used in this
nd pressure

ng by either
5 of metallic

a computer.
hic practice.
ot the main
e minimum
jraphs with

part of ISO 17636-does not specify acceptance levels for any of the indications found on the digital

lower than

2

Nermative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO

ISO

5576, Non-destructive testing — Industrial X-ray and gamma-ray radiology — Vocabulary

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
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https://standardsiso.com/api/?name=b5c39e7392613f732072b99da6ca1a80

ISO 17636-2:2013(E)

ISO 19232-1, Non-destructive testing — Image quality of radiographs — Part 1: Image quality indicators

(wire type) —

Determination of image quality value

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

1SO 19232-4, Non-destructive testing — Image quality of radiographs — Part 4: Experimental evaluation of
image quality values and image quality tables

ISO 19232-5, Non-destructive testing — Image quality of radiographs — Part 5: Image quality indicators
(duplex wire type) — Determination of image unsharpness value

EN 12543
use in non-

EN 12679,
Radiograph

Hestructive testing

Non-destructive testing — Determination of the size of industrial radiographic source
ic method

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 5576"and the following apply.

3.1
computed
CR
storage ph
complete s
(scanner or,

3.2
storage ph
IP
photostimul
examined g
proportiona

NOTE \
to source siz

3.3

digital detg
DDA syste
electronic d
are subseq
radiologic €

3.4

radiography

osphor imaging plate system
ystem comprising a storage phosphor imaging, plate (IP) and a corresponding read-out
reader), which converts the information from the 1P into a digital image

losphor imaging plate

pble luminescent material capable)of storing a latent radiographic image of a material b
nd, upon stimulation by a soutce-of red light of appropriate wavelength, generates luminesce
to radiation absorbed

Vhen performing computed radiography, an IP is used in lieu of a film. When establishing techniques re
b or focal geometries, the-P is referred to as a detector, i.e. source-to-detector distance (SDD).

ctor array system

m

evice converting ionizing or penetrating radiation into a discrete array of analogue signals w|
Lientlycdigitized and transferred to a computer for display as a digital image corresponding to
hergy pattern imparted upon the input region of the device

all parts), Non-destructive testing — Characteristics of focal spots in industrial X-ray system$

for

unit

bing
nce

ated

hich
the

structure noise of imaging plate
structure noise of IP
structure due to inhomogeneities in the sensitive layer (graininess) and surface of an imaging plate

NOTE 1
digital image

NOTE 2
graininess in

film images.

After scanning of the exposed imaging plate, the inhomogeneities appear as overlaid fixed pattern noise in the

This noise limits the maximum achievable image quality of digital CR images and can be compared with the

© 1SO 2013 — All rights reserved
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3.5

structure noise of digital detector array

structure noise of DDA

structure due to different properties of detector elements (pixels)

NOTE After read-out of the exposed uncalibrated DDA, 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 calibration (software and
guidelines are provided by the manufacturer). A suitable calibration procedure reduces the structure noise.

3.6

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

NOTE This is typically interchangeable with the terms pixel value, detector response, analogue<to-didital unit, and
detegctor signal.

3.7
linefprized grey value
oV,

numjeric value of a pixel which is directly proportional to the detector expesure dose, having a valyie of zero if
the detector was not exposed

NOTE This is typically interchangeable with the terms linearized pixé€l value, and linearized detector signal.

3.8
basjc spatial resolution of a digital detector

Hetector
SR}

corresponds to half of the measured detector unsharpness in a digital image and corresponds to the effective
pixgl size and indicates the smallest geometrical~detail, which can be resolved with a digital|detector at
magnification equal to one

NOTE 1 For this measurement, the duplex wire 1Ql is placed directly on the digital detector array or imaging plate.

NOTE2 The measurement of unsharpness is described in 1SO 19232-5, see also ASTM EZ3736[13] and
ASTM E1000.[8]

3.9
basjc spatial resolution of a digital image

SR|mage

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

NOTE 1 For this measurement, the duplex wire 1Ql is placed directly on the object (source side).

NOTE2 The measurement of unsharpness is described in 1SO 19232-5, see also ASTM E2736,['3] and

AS L4000 181
LAAJN = RvAvAv L ag)

3.10

signal-to-noise ratio

SNR

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

© 1SO 2013 — All rights reserved 3
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3.1

normalized signal-to-noise ratio

SNRy,

signal-to-noise ratio, SNR, normalized by the basic spatial resolution, SR, as measured directly in the digital
image and/or calculated from the measured SNR, SNR,casuredr PY

SNRy,

3.12

88,6 um

= SNRmeasured SRb

contrast-to
CNR

ratio of the
of the signa

NOTE L
of radiograpli
to possess a

3.13
normalized
CNRy
contrast-to-
digital imag

CNRy

3.14
aliasing
artefacts th
of reproduc

NOTE

3.15
cluster ker,
CKP
bad pixel w

[«
v

NOTE

3.16
nominal th
t

thickness o

-noise ratio

difference of the mean signal levels between two image areas to the averaged standard\devis
| levels

he contrast-to-noise ratio describes a component of image quality and depends approximately on the prg

ic attenuation coefficient and SNR. In addition to adequate CNR, it is also necessaryfforia digital radiog
Hequate unsharpness or basic spatial resolution to resolve desired features of interest.

contrast-to-noise ratio

noise ratio, CNR, normalized by the basic spatial resolutiort, SR, as measured directly in
b and/or calculated from the measured CNR, i.e.

88,6 um
SRy

= CNRx

bt appear in an image when the spatial frequency of the input is higher than the output is cap
ng

Aligsing often appears as jagged or stepped sections in a line or as moiré patterns.

hel pixel

nich does not havefive or more good neighbourhood pixels

ee ASTM E2597111 for details on bad pixels and CKP.

ckness

tion

duct
raph

the

hble

the parent material only where manufacturing tolerances do not have to be taken into account

3.17

penetration thickness change

At

change of penetrated thickness relative to the nominal thickness due to beam angle

3.18
penetrated
w

thickness

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

© 1SO 2013 — All rights reserved
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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 along the central axis of the radiation beam

3.20

source size

d

size of the radiation source or focal spot size
NOTE See EN 12679 or EN 12543

3.21

source-to-detector distance

SD

distance between the source of radiation and the detector, measured in the directionf®fthe beam
NOTE SDD =/+5b

whefe

3.2%

|/ source-to-object distance

S

object-to-detector distance

source-to-object distance

S
dist
mea

3.23

hnce between the source of radiation and the source'side of the test object, most distant from t
sured along the central axis of the radiation beam

extérnal diameter

De
nom

3.24

inal external diameter of the pipe

geometric magnification

%
ratid

of source-to-detector\distance SDD to source-to-object distance, 1

ne detector,

4 |Symbols and abbreviated terms
Forthe purpeses of this standard, the symbols given in Table 1 apply.
Table 1 — Symbols and abbreviated terms

Symbol Term

b object-to-detector distance

b object-to-detector distance perpendicular to test object

d source size, focal spot size

Dg external diameter

f source-to-object distance

f’ source-to-object distance perpendicular to test object

SNR signal-to-noise ratio

© 1SO 2013 — All rights reserved
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SNRy normalized signal-to-noise ratio
t nominal thickness
At penetration thickness change
ug geometric unsharpness
u; inherent unsharpness of the detector system, excluding any geometric unsharpness, measured from
the digital image with a duplex wire IQI adjacent to the detector
Uim required image unsharpness measured in the digital image at the object plane with a duplex wire I1Ql
ut total image unsharpness, including geometric_unsharpness, measured in the digital image at the
detector plane with a duplex wire 1QI at the object plane
v geometric magnification
w penetrated thickness
CKP cluster kernel pixel
CNR contrast-to-noise ratio
CNRy normalized contrast-to-noise ratio
CR computed radiography
D detector
DDA digital detector array
IP storage phosphor imaging plate
Ql image quality indicator
S radiation source
SDD source-to detector-distance
SRy, basic spatial resolution as determined with~a duplex wire 1QI adjacent to the detector
SRgetector basic spatial resolution of a digital deteletor
SRL:nage basic spatial resolution as determined with a duplex wire 1QIl on the source side of the object
5 Classjification of radiographic techniques and compensation principles
5.1 Classification
The radiogrpphic techniques are divided into two classes:
— Class A: basic teehniques;
— Class B: improved techniques.
Class B technigues-are-used-when-class-A-mightbeinsufficiently-sensitive:

Better techniques compared to class B are possible and may be agreed between the contracting parties by

specification of all appropriate test parameters.

The choice of digital radiographic technique shall be agreed between the contracting parties.

Nevertheless, the visibility of flaws using film radiography or digital radiography is equivalent when using class
A and class B techniques, respectively. The visibility shall be proven by the use of IQls according to
ISO 19232-1 or ISO 19232-2 and ISO 19232-5.

If, for technical reasons, it is not possible to meet one of the conditions specified for class B, such as the type
of radiation source or the source-to-object distance, £, it may be agreed between the contracting parties that

© 1SO 2013 — All rights reserved


https://standardsiso.com/api/?name=b5c39e7392613f732072b99da6ca1a80

ISO 17636-2:2013(E)

the condition selected may be that specified for class A. The loss of sensitivity shall be compensated by an
increase of minimum grey value and SNR, for CR or SNRy, for the DDA-technique (recommended increase of
SNRy by a factor >1,4). Because of the better sensitivity compared to class A, the test specimen may be
regarded as being examined to class B, if the correct 1QI sensitivity is achieved. This does not apply if the
special SDD reduction as described in 7.6 for test arrangements 7.1.4 and 7.1.5 are used.

5.2 Compensation principles, CP I, CP Il or CP lll

5.21 General. Three rules (see 5.2.2 to 5.2.4) are applied in this part of ISO 17636 for radiography with
digital detectors to achieve a sufficient contrast sensitivity.

Appllication of these rules requires the achievement of a minimum contrast-to-noise ratio, CNRy, nchmaIized to
the Hetector basic spatial resolution per detectable material thickness difference Aw. If the required| normalized
conjrast-to-noise ratio (CNRy per Aw) cannot be achieved due to an insufficient value of oné of the following
parameters, this can be compensated by an increase in the SNR.

5.2 CPI. Compensation for reduced contrast (e.g. by increased tube voltage) by increased SNR (e.g. by
increased tube current or exposure time).

5.2.3 CPIl. Compensation for insufficient detector sharpness (the value of SRy higher than specified) by
increased SNR (increase in the single 1QI wire or step hole value for eactirmissing duplex wire pair|value).

5.2. CP lll. Compensation for increased local interpolation unsharpness, due to bad pixel cgrrection for
DDAs, by increased SNR.

5.2. Theoretical background. These compensation principles are based on the following approximation
for gmall flaw sizes (Aw << w):

CNRN —c ,ueffSNR
Aw SRb

whdre
¢ is aconstant;

ueff is the effective attenuation coefficient, which is equivalent to the specific material contrast

CNRp is the normalized CNR, as measured in the digital image.

6 |General preparations and requirements

6.1|Protection against ionizing radiation

WA — = - be highly
injurious to health. Wherever X-ray equipment or radioactive sources are in use, appropriate legal
requirements shall be applied.

Local or national or international safety precautions when using ionizing radiation shall be strictly applied.

6.2 Surface preparation and stage of manufacture

In general, surface preparation is not necessary, but where surface imperfections or coatings can cause
difficulty in detecting defects, the surface shall be ground smooth or the coatings shall be removed.

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

© 1SO 2013 — All rights reserved 7
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6.3 Location of the weld in the radiograph

Where the digital radiograph does not show the weld, high density markers shall be placed on either side of

the weld.

6.4 Identification of radiographs

Symbols shall be affixed to each section of the object being digitally radiographed. The images of these
symbols shall appear in the digital radiograph outside the region of interest where possible and shall ensure
unambiguous identification of the section.

6.5 Markin

Permanent
each digital

Where the
may be rec

6.6 Overldp of digital images

When digita
sufficiently
high density
are taken s

6.7 Types

The quality
and I1ISO 19

Following the procedure outlined in Annex C, a-reference image is required for the verification of the b

spatial resg
determined
penetrated
directly on
compulsoryj
radiographs
the duplex

image (SR

penetrated
taken as th
the duplex

hature of the material and/or its service conditions do not permit permanent/marking, the locza
brded by means of accurate sketches or photographs.

g

markings on the object to be examined shall be made in order to accurately locate the.positio
radiograph (e.g. zero point, direction, identification, measure).

lly radiographing an area with two or more separate detectors~(imaging plates), they shall ove
0 ensure that the complete region of interest is digitally radiographed. This shall be verified

marker on the surface of the object which is to appear en each digital image. If the radiogrs
equentially, the high density marker shall be visible on each of the radiographs.

and positions of image quality indicators

of image shall be verified by use of image quality indicators (1Qls) in accordance with ISO 192
P32-1 or ISO 19232-2.

lution of the digital detector system. The basic spatial resolution or duplex wire value shal
to verify whether the systemyhardware meets the requirements specified as a function of
material thickness in Tables~B:13 and B.14. In this case, the duplex wire 1QI shall be positid
he digital detector. The use-of a duplex wire 1Ql (ISO 19232-5) for production radiographs is
The requirement for-using a duplex wire IQl additionally to a single wire 1QI for produg
may be part of the agreement between the contracting parties. For use on production radiogra

wire 1Ql shall be“positioned on the object. The measured basic spatial resolution of the di
ig“age) (see Annex C), shall not exceed the maximum values specified as a function of

material thickness (Tables B.13 or B.14). For single image inspection, the single wall thicknes
b penetrated material thickness. For double wall double image inspection (Figures 11 or 12),
vire on-the source side of the pipe, the penetrated material thickness is taken as the pipe diam

for determi||1ation of the required basic spatial resolution (SRE“age) from Tables B.13 and B.14. The b

tion

rlap
Dy a
phs

B2-5

asic

be
the
ned
not
tion
phs,
pital
the
s is
Wwith
eter
asic

spatial reso

lution of the detector (SRgetector)

for double wall double image inspection shall correspond to the

values of Tables B.13 and B.14 chosen on the basis of twice the nominal single wall thickness as the
penetrated material thickness.

If the geometric magnification technique (see 7.7) is applied with v > 1,2, then the duplex wire 1QI (ISO 19232-
5) shall be used on all production radiographs.

The duplex wire 1Ql shall be positioned tilted by a few degrees (2° to 5°) to the digital rows or columns of the
digital image. If the 1QI is positioned at 45° to the digital lines or rows the obtained IQl number shall be

reduced by

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

The single wire or step hole 1Qls used shall be placed preferably on the source side of the test object at the
centre of the area of interest on the parent metal beside the weld. The 1QIl 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

valu

e (mean) in the digital image.

According to the 1QI type used, cases a) and b) shall be considered.

a) When using a single wire 1Ql, 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 SINF

normally in the parent metal adjacent to the weld. For exposures in accordance with 7.3.6-an
IQI can be placed with the wires across the pipe axis and they should not be projected into t
the weld.

Ry Which is
d 7.1.7, the
he image of

b) |When using a step hole IQ], it shall be placed in such a way that the hole numberrequired is glaced close
to the weld.

For [exposures in accordance with 7.1.6 and 7.1.7, the QI type used can bé-placed either on the qource or on
the Hetector side. If the 1Qls cannot be placed in accordance with the above conditions, the 1Qls are placed on
the detector side and the image quality shall be determined at least onceé from comparison exposyre with one
IQI placed at the source side and one at the detector side under the.same conditions. If filters are ysed in front
of the detector, the 1QIl shall be placed in front of the filter.

Foridouble wall exposures, when the 1Ql is placed on the détector side, the above test is not necegsary. In this
caseg, refer to the correspondence tables (Tables B.9 to B(14).

Where the 1Qls are placed on the detector side, the-letter F shall be placed near the IQl and it shall be stated

in th

The
geo

If st
with
the
sho

For

sho
the

6.8

e test report.

identification numbers and, when used; the lead letter F, shall not be in the area of interest, &
metric configuration makes it impractical:

bps have been taken to guarantee that digital radiographs of similar test objects and regions a
identical exposure and processing techniques, and no differences in the image quality valu
image quality need not be.verified for every digital radiograph. The extent of image quality
Ild be subject to agreement between the contracting parties.

exposures of pipes\with diameter 200 mm and above with the source centrally located at leas

ild be placed equally spaced at the circumference. The IQl images are then considered repres
whole circumference.

Minimum’image quality values

xcept when

e produced
e are likely,
verification

t three IQls
entative for

shall be determined in accordance with ISO 19232-4.

rials these

Tabjes-B:1 to B.14 show the minimum quality values for metallic materials. For other mat
reqmwmm-mmmmwwm-mbﬂmiquirements

In the case where Ir 192 or Se 75 sources are used, IQl values worse than the ones listed in Tables B.1 to
B.12 may be accepted by agreement of contracting parties as follows:

Double wall, double image techniques, both class A and B (w = 2¢):

10 mm < w <25 mm 1 wire or step hole value less for Ir 192;

5 mm <w <12 mm 1 wire or step hole value less for Se 75.
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Single wall single image and double wall single image techniques, class A:

10 mm

24 mm

<w <24 mm 2 wire or step hole values less for Ir 192;

<w <30 mm 1 wire or step hole value less for Ir 192;

5 mm < w <24 mm 1 wire or step hole value less for Se 75.

Single wall single image and double wall single image techniques, class B:

10 mm

40 mm 1 wira or ctan - haola valuae lacses for Ir 1Q92-
ro-HH T YWHE-B-5te PO a8 185510955

5 mm

6.9 Personnel qualification

Personnel

in accordamce with 1SO 9712 or equivalent to an appropriate level in the relevant industrial sector.

personnel g
radiology.

7 Reco

NOTE {
7.1 Testa

711 Gen

Normally di

The elliptical technique (double wall and double image) in accordance with Figure 11 should not be useq

external dig
are sufficie
weld image

When it is

accordance
required.

For test arr.
small as po
£, shall be |

w <20 mm 1 wire or step hole value less for Se 75.

erforming non-destructive examination in accordance with this part of ISO 17636 shall be qual

hall be able to prove they have undergone additional training and qualification in digital indus

mmended techniques for making digital radiographs

nless otherwise explained, definitions of the symbols used in Figures 1 to 21 can be found in Clause 4.
‘rangements

eral

pital radiographic techniques in accordance with 7.1.2 to 7.1.9 shall be used.

meter Dg > 100 mm or wall thickness > 8 mm or weld width >D, / 4. Two 90° displaced ima
nt if 1/ Dy < 0,12, otherwise three images are needed. The distance between the two proje

5 shall be about one weld'width.

difficult to carry eut-an elliptical examination for Dg < 100 mm, the perpendicular techniqu
with 7.1.7 may be used (see Figure 12). In this case, three exposures 120 ° or 60 ° apart

hngements’in accordance with Figures 11, 13, and 14, the inclination of the beam shall be ke
5sible\and be such as to prevent superimposition of the two images. The source-to-object diste
ept as small as possible for the technique shown in Figure 13, in accordance with 7.6. The

fied
The
trial

for
ges
cted

E in
are

t as
nce,
Ql

shall be pla

cedclose-to-the-detectorwith-alead-letterE-

Other digital radiographic techniques may be agreed by the contracting parties when it is useful, e.g. for
reasons such as the geometry of the piece or differences in material thickness. In 7.1.9, an example of such a
case is presented. Additionally, thickness compensation with the same material may be applied.

NOTE
radiographic

coverage of the total circumference of a butt weld in pipe.

In Annex A the minimum number of digital radiographs necessary is given in order to obtain an acceptable

If the geometric magnification technique is not used, the detector shall be placed as close to the object as

possible.

10
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If flexible detectors are not applicable and rigid cassettes or planar digital detector arrays are used as shown
in Figures 2 b), 8 b), 13 b), and 14 b), the source-to-detector distance SDD shall be calculated from the wall
thickness ¢ and the largest distance of the detector to the source side surface of the object 5 and the focal spot
size or source size d, as specified in 7.6, Formulae (3) and (4).

7.1.2 Radiation source located in front of the object and with the detector at the opposite side
(see Figure 1)

Figure 1 — Test arrangement for plane welds and single ‘wall penetration

7.1.3 Radiation source located outside the object and detector inside (see Figures 2 to 4)

S s S S
= ~
= w%i&jh S eSS e
D = = 2 D bz D -
‘ D
a) with curved detectors b) with planar detectors

Figure 2 — Test-arrangement for single wall penetration of curved objects

Figure 3 —Test arrangement for single-wall penetration of curved objects (set-in weld)
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Figure 4 —Test arrangement for single wall penetration of curved objects (set-on weld)

7.1.4 Radiation source centrally located inside the object and with the detector outside
(see Figureg 510 7)

Figure|5 —Test arrangement for single wall penetration. of curved objects, planar detectors not
applicable

S SONNNNNN

S

t

Figure 7 — Test arrangement for single wall penetration of curved objects (set-on weld)
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7.1.5 Radiation source located off-centre inside the object and detector outside (see Figures 8 to 10)

D D D D
] T V7 C
S g S S

a) with curved detectors

Figure 8 — Test arrangement for single wall penetration of curved.©objects

Figure 10 <Test arrangement for single wall penetration of curved objects (set-on w

b) with planar detectors

© 1SO 2013 — All rights reserved
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7.1.6 Elliptic technique (see Figure 11)

b!

Figure 11 —Test arrangement for double wall penetration double image of curved.objects for
evaluation of both walls (source and detector outside of the test object)

NOTE The source-to-object distance can be approximated by the perpendicular distance 1, calculated from &'.

7.1.7 Perpendicular technique (see Figure 12)

(.
ek

Figure 12 —Test arrangement for double.wall penetration double image of curved objects for
evaluation of both walls (source and detector outside of the test object)

7.1.8 Radiation source located outside the object and detector on the other side (see Figures 13 to 18)

S S S S

- | |
N I/ - _‘i‘_ Wt_'/ I/ - _‘i‘_
el T L TN

a) with curved detectors b) with planar detectors

Figure 13 — Test arrangement for double wall penetration single image of curved objects for
evaluation of the wall next to the detector with the 1Ql placed close to the detector

14 © 1SO 2013 — Al rights reserved
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S S
N 4 N 4
_ _ ~ _ _ S~
_ IN A | IN A
a) with curved detectors b) with planar detectors

Figure 14 — Test arrangement for double wall penetration single image

Figure 16 —Test arrangement for double wall penetration single image of curved objeq
evaluation of the wall next to the detector

welds

ts for

© 1SO 2013 — All rights reserved
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TR TR TR R

Key
1  compensating edge

a) Test a||rangement without compensating edge b) Test arrangement with compensating edgla

Figure 17 —Test arrangement for penetration of fillet welds

D
725N
\
o

Figure 18 —Test arrangement for penetration of fillet welds

S

7.1.9 Technique for different material thicknesses-(see Figure 19)

S

ZATY

Figure 19 —Multi-detector technique, applicable for CR

7.2 Choice of tube voltage and radiation source

7.21 X-ray devices up to 1 000 kV

To maintain good flaw sensitivity, the X-ray tube voltage should be as low as possible and the SNRy in the
digital image should be as high as possible. Recommended maximum values of X-ray tube voltage versus
penetrated thickness are given in Figure 20. These maximum values are best practice values for film
radiography.
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After accurate calibration, DDAs can provide sufficient image quality at significantly higher voltages than those
shown in Figure 20.

Imaging plates with high structure noise in the sensitive IP layer (coarse grained) should be applied with about
20 % less X-ray voltage than indicated in Figure 20 for class B testing. High definition imaging plates, which
are exposed similarly to X-ray films and having low structure noise (fine grained) can be exposed with the
X-ray voltages of Figure 20 or significantly higher if the SNR\ is sufficiently increased.

NOTE CP I

— an improvement in contrast sensitivity can be achieved by an increase in contrast at constant SNRyj [by reduction of
tUbU VU:thU Cllld \JUIIIPUIIDdt;UII by hIUhUI UAPUDUIU (UH III;“;CIIII'J&IU '|||;||utca)], Ul

— |improvement in contrast sensitivity by an increase in SNRy [by higher exposure (e.g. milliampere fminutes)] at
constant contrast (constant kilovolt level);

— |increased tube voltage [at a constant exposure (e.g. milliampére minutes)] reduces the contrast and increases the
SNRp. The contrast sensitivity improves if the increase in SNRy is higher than the ceptrast reductign due to the
higher energy.

U/kV
1 000 -7
» ,/ P
700 A
500 A ji=
400 7 /’/’ /’ >
N A L~
300 >~ o =
s ved ]
////,/(2 ‘/ /,/
— ~— /
. /// 4/ ///
100 i 3 —
_~
70 ]
//

50 — 4

40

30

20

10

1 2 3 45 7 10 20 30 4050 70 100 200 300 (500 | 1000
400 700
wimm

Key

U X-ray voltage 1 copper and nickel and alloys

w penetrated thickness 2 steel

3 titanium and alloys
4 aluminium and alloys

Figure 20 —X-ray voltage for X-ray devices up to 1 000 kV as a function of penetrated thickness and
material

For some applications where there is a thickness change across the area of the object being radiographed, a

modification of technique with a higher voltage may be used, but it should be noted that an excessively high
tube voltage leads to a loss of defect detection sensitivity.
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7.2.2 Other radiation sources

The recommended penetrated thickness ranges for gamma-ray sources and X-ray equipment above 1 MeV
are given in Table 2.

On thin steel specimens, 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 difficult.

By agreemént between the contracting parties, the penetrated material thickness may be further reduced to
10 mm for If 192 and 5 mm for Se 75.

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 capture time shall $tart
after the solirce is in position and shall end before the source is moved back.

Table 2 — Penetrated thickness range for gamma-ray sources and X-ray equipment with energy abpve
1 MeV for steel, copper and nickel base alloys

Penetrated thickness
Radiation source mwm
Class A Class B
Tm 170 w<b w<b
Yb 1692 1<w<15 2<w<12
Se 75b 10<w<40 14 <w<40
Ir 192 20 <w<100 20<w<90
Co 60 40 <w <200 60 <w <150
A-ray equipment with energy(from 1 MeV to 4 MeV 30 <w <200 50 <w <180
Xtray equipment with energy/from 4 MeV to 12 MeV w>50 w >80
X-ray equipment‘with energy above 12 MeV w >80 w>100

a

For alunjinium and titaniums; the penetrated material thickness is 10 mm <w <70 mm for class A and 25 mm <w <55 mnj} for
class B.

b

For alumjnium and-titahium, the penetrated material thickness is 35 mm < w < 120 mm for class A.

The maximum penetrated thiCKnesses as given in Table 2 may be exceeded It sutficient IQI sensitivity can be
proven.

7.3 Detector systems and metal screens

7.3.1  Minimum normalized signal-to-noise ratio

For digital radiographic examination, minimum SNRy values as given in Tables 3 and 4 or minimum grey
values (CR only) shall be achieved. Annex D describes the procedure for measurement of SNRy and provides
a conversion table for users who prefer to use unnormalized measured SNR values instead of normalized
SNRy values.
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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 Tables 3 and 4.

The SNRy value shall be measured beside the weld near the wire or step hole IQlIs in the thicker part of the
parent material in a zone of homogeneous wall thickness and grey values. The grey values in CR (only) shall
be measured in the region of interest in the weldment near the wire or step hole 1Ql. Since the roughness of
the material influences image noise and SNRy, the values in Table 3 are recommended values only. The
minimum SNRy, values shall be increased by a factor of 1,4 in comparison to Tables 3 and 4 if the SNR
measurement is performed adjacent to the weld in the heat-affected zone, except if the weld cap and root are
flush with the parent material.

ffected zone
weld, which
heat-affected

N

NOTE 1 In film radiography, the optical density is typically between 3,5 and 4 if measured in the heat-3
(HAZ)/parent material. This corresponds to a higher SNRy by about 1,4 in comparison to the centre\of the
shodld have an optical density of 2 or higher. It is highly recommended that the SNR be measured lin the
zong, because this is typically an area of constant grey level and enables accurate measurements ofthe SNR

An n lieu of the

req

x D describes the method for determination of equivalent minimum grey values_{for CR only) i
ired SNRy.

blized SNR
for and the

Annex D also provides a conversion table for users who prefer the measurement of unnorm
instead of SNRy. The minimum unnormalized SNR is determined from the SR, of the detec
required SNRy, values in Tables 3 and 4.

The)

digi
for

vall
Tab)

NOT

and

7.3.

If b

resd

the
sha

For
not

equ
for

app
of th

user shall define minimum grey values or SNRy or SNR values for CR (see Annex D) for ac
Lal images. The user shall define minimum SNRy or SNR values (see Annex D) for radiography

cceptance of digital images in analogy to the minimum ‘optical density for film radiography. |
es are defined, the values of Tables 3 and 4 shalkbe achieved. The minimum SNRy values
es 3 and 4 for different radiation sources and material thicknesses.

E2 For details of SNRy measurement, see ISO 16371-1, ASTM E 2446[19] (for CR) or ASTM E2597
Annex D.

P Compensation principle Il
bth 1QI sensitivities (contrastisensitivity by single IQl wires or step holes on the one hand

Hetector system and exposure conditions used, an increase in single 1Ql wire visibility or step h
| compensate for the-exceeded unsharpness values (or exceeded SR, values).

example, if thedequired values of D12 and W16 (for 5 mm thickness, class B — Tables B.3 ar
achieved at<the” same time for a specific detector set-up, then the values D11 and W17
valent detegtion sensitivity. The compensation shall be limited to a maximum increase of two
wo missing resolved duplex wire pairs. If the required flaw sensitivity can be demonstrated for
ication;-by agreement between the contracting parties, the compensation may be extended to
ree single wires for three missing resolved duplex wire pairs.

ceptance of
with DDAs

f no special

bre given in

1] (for DDA)

and spatial

lution of the detector by duplex wire 1Qls on the other) of Table B.1 to Table B.14 cannot be achieved by

ole visibility

d B.14) are
provide an
single wires
the specific
A maximum

For digital detectors (DDA), the contrast sensitivity depends on the used integration time and tube current
(milliampéres) for acquisition of the radiographic images for a given distance and tube voltage, so the single
wire or step hole 1QlI visibility can be increased by increased exposure time and/or tube current setting. This
applies also for CR, but with a limitation due to the maximum achievable SNRy due to the structure noise of
the sensitive PSL layer of imaging plates. The maximum achievable SNRy, for DDA radiography is limited by
the quality of the calibration procedure.

The SR, of the detector is fixed by design and hardware parameters.

If the magnification technique is used, the SR, shall be taken from the magnified image (SR, of the image)
and the duplex wire IQl measurement with the duplex wire 1Ql on the object (see 7.7).

© 1SO 2013 — Al rights reserved 19


https://standardsiso.com/api/?name=b5c39e7392613f732072b99da6ca1a80

ISO 17636-2:2013(E)

7.3.3 Metal screens for IPs and shielding

When using metal front screens, good contact between the sensitive detector layer and screens is required.
This may be achieved either by using vacuum-packed IPs or by applying pressure. Lead screens not in
intimate contact with the IPs may contribute to image unsharpness. The intensification obtained by use of lead
screens in contact with imaging plates is significantly smaller than in film radiography.

Many IPs are very sensitive to low energy backscatter and X-ray fluorescence of back-shielding from lead.
This effect contributes significantly to edge unsharpness and reduced CNR, and should be minimized. It is
recommended that steel or copper shielding be used directly behind the IPs. Also a steel or copper shielding
between a backscatter lead plate and the IP may improve the image quality. Modern cassette and detector

designs mg
shielding oy

NOTE [
electrons is ¢
design, the 4
energies.

The small i
increased ¢
with IPs m4g
be used fg
recommendg

Tables 3 apd 4 show the recommended screen materials and thicknesses for different radiation sour

Other scred
quality is aqg
influence of]

7.4 Alignment of beam

The beam ¢
to the obje
revealed by
permitted. (

EXAMPLE
preparation 3

7.5 Reduc

7.51 Met

In order to
the section

y consider this effect and can be constructed in a way such that additional steel or co
tside the cassette is not required.

ue to the protection layer between the lead and the sensitive layer of an IP, the effect of intensificatiol
onsiderably reduced and appears at higher energies. Depending on the radiation energy andprotection
ffect of intensification amounts to between 20 % and 100 % only (compared to no scréen) at typical

htensification effect generated by a lead screen in contact with an IP can be compensated fo
xposure time or milliampére -minutes, if no lead screens are used. SinCe lead screens in cor
y generate scratches on IPs, if not carefully separated for the scanprocess, lead screens sh
r intermediate filtering of scattered radiation outside of cassettes. No intermediate filterin
ed for inspecting steel specimen having a thickness < 12 mm:

n thicknesses may be also agreed between the contracting parties provided the required im
hieved. The usage of metal screens is recommended.in front of IPs, and they may also reduce
scattered radiation when used with DDAs.

f radiation shall be directed to the centre of the area being examined and should be perpendiq
bt surface at that point, except whentit can be demonstrated that certain imperfections are

a different alignment of the beam’ In this case, an appropriate alignment of the beam can
Dther ways of digital radiographing may be agreed between the contracting parties.

For better detection ofi\lack of side wall fusion, the beam direction should be aligned with the
ngles.

tion of scattered’radiation

al filters and collimators

educerthe effect of scattered radiation, direct radiation shall be collimated as much as possib
under examination.

bper

h by
ayer
-ray

r by
tact
buld
g is

ces.
age
the

ular
best
be

veld

e to

With Se 75, Ir 192, and Co 60 radiation sources or X-ray sources above 1 MW, or in the case of edge scatter,
a sheet of lead can be used as a filter of low energy scattered radiation between the object and the cassette
or DDA. The thickness of this sheet is 0,5 mm to 2 mm in accordance with the penetrated thickness. Other
materials than lead, e.g. tin, copper or steel, can also be used as a filter. A thin steel or copper screen should
be positioned between the lead sheet and the detector.
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Table 3 — Minimum SNRy values (CR and DDA) and metal front screens (screens for CR only) for

digital radiography of steels, copper and nickel based alloys

Radiation source Penetrated material | Minimum SNRNC Type and thickness of metal front
thickness screens
v Class A | Class B
mm mm
X-ray potentials
<50 KV 100 150 None
g ials d
X-ray potentials 70 120 010 0.1 (Ph)
S50 KV 10 150 KV
X-ray potentials d
>150 KV to 250 KV 70 100 01001 (Rb)
X_ray potentia|s d <50 70 100 0to 0,3 (Pb)
>250 kV to 350 kV >50 70 70 0t0-0,3 (Pb)
X-ray potentia|s d <50 70 100 0to 0,3 (Pb)
>350 kV to 1 000 kV >50 70 70 0to 0,3 (Pb)
<5 70 120 0to 0,1 (Pb)
Yb 169 d
>5 70 100 0to 0,1 (Pb)
<50 70 100 0to 0,3 (Pb)
Ir192d,Se 754
>50 70 70 0,1to 0,4 (Pb)
Co60 2P <100 70 100 0,3 t0 0,8 (Fe or Cu) + 0,6 tp 2 (Pb)
I i ,b
Hyray potenials &5 >110'5 >100 £ 70 0,310 0,8 (Fe or Cu) + 0,6 th 2 (Pb)
X-ray potentials 2 b <100 70 100 0,6 to 4 (Fe, Cu or Pt)
>5 MV >100 70 70 0,6 to 4 (Fe, Cu or Pl)

a
b
c

flus
d

Pb

In the case of multiple screens (Fe+Pb), the steel.screen shall be located between the IP and the lead screen.
Instead of Fe or Fe+Pb also copper, tantalum'or'tungsten 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, except if the weld cap
h with the parent material.

Pb screens may be replaced completely or partially by Fe or Cu screens. The equivalent thickness for Fe or Cu is th
hickness.

and root are

ree times the

Ta

ly) for the

ble 4 — Minimum-SNRy, values (CR and DDA) and metal front screens (screens for CR or
digital radiography of aluminium and titanium
Radiation source Minimum SNRyP Type and thi(;l(cT::zsof metal filont
Class A Class B mm

X-ray potentials < 150 kV 70 120 <0,03 (Pb)
X-ray potentials > 150 kV to 250 kV 70 100 <0,2 (Pb)a
X-ray potentials > 250 kV to 500 kV 70 100 <0,2 (Pb)a
Yb 169 70 100 <0,2 (Pb)a
Se 75 70 100 <0,3 (Pb)?@

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 If the SNRy is measured in the HAZ/parent material these values shall be multiplied by 1,4, except if the weld cap

and root are flush with the parent material.
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7.5.2 Interception of backscattered radiation

The presence of backscattered radiation shall be checked for each new CR test arrangement by means of a
lead letter B (with a minimum height of 10 mm and a minimum thickness of 1,5 mm) placed immediately
behind each cassette. If the image of this symbol records as a lighter image on the digital radiograph
(negative presentation, i.e. decreased 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 against backscattered radiation.

If necessary, the detector shall be shielded from backscattered radiation by a sheet of lead of at least 1 mm
thickness or a sheet of tin of at least 1,5 mm thickness, placed behind the detector. An additional shielding of

steel or cofper (about 0,5 mm thickness) shall be applied between the lead shield and the detector to req

the influen

of the detedtor for radiation energies above 80 keV.

7.6 Sourc

The minimy
to-detector

of lead X-ray fluorescence radiation. No lead screens shall be used in contact with the back

-to-object distance

m source-to-object distance fyin depends on the source size or focal spot size'd and on the ob
Histance b. The source size or focal spot size d shall be in accordance with\EN 12543 or EN 12

uce
Side

ect-
679.

When the spurce size or focal spot size is defined by two dimensions, the larger’shall be used.
For exposufe geometries, except for those in Figures 2 b), 8 b), 13 b), and, 14 b), the distance f shall, where
practicable | be chosen so that the ratio of this distance to the source size“or focal spot size, d, i.e. fld, i not

less than th

L7,
d

for class A and for class B

L1
d

(@1]

where b is §

If the dista
replaced by

For determ
nomogram

For exposu
practicable,
given by Fo

e values given by Formulae (1) and (2):

5b2/3

b2/3

xpressed in millimetres.

nce b is less than 1,24 then the dimension 4 in Formulae (1) and (2) and Figure 21 shal
the nominal thickness;-.
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t  is the nominal thickness, in millimetres, to inspect;
b is the object-to-detector distance, in millimetres.

In class A, if detection of planar imperfections is a requirement, the minimum source-to-object distance fmin
shall be the same as for class B in order to reduce the geometric unsharpness by a factor of 2.

In critical technical applications of crack-sensitive materials, more sensitive radiographic techniques than
class B shall be used.

Class B Class A
d
8 — b
B — 1000
__ fmin fmin :: 800
_ 5000 —] — 600
4 — ——2000 =~ (500
— 3000—C 400
3 2 000 ——1 000 300
+ 200
2 — 1000—— 500
- —— @00
- 500 —* 100
] X 200 80
- 300+
1 — -+ 60
— 200 —— 100 50
_ | I 40
) 100—— 50 = 30
M) o 30 = 20
0.4 —| —— 20 =
- 30— -
03— 20—— 10 = 10
- — 8
_ 1 — 6
02— 10 5 -~ 5
= -1
. — 3
01— 2

Figure 21 — Nomogram for the determination of minimum source-to-object distance f,,, in relation to
object-to-detector distance » and the source size d

Both the inherent unsharpness (u; = 2SRIet%°" ) of a digital detector system and the geometric unsharpness
(ug) contribute to the total unsharpness (ug) in the image if not corrected by means of geometric
magnification:
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ut = u|2 +ué (5)

Therefore, it is recommended that the distance f,,, be increased to compensate for any additional
unsharpness of the detector system.

If digital detectors are used, which have a greater inherent unsharpness than X-ray film, conditions a) and b)
are recommended, if similar low total image unsharpness values, as defined by the procedure of ISO 17636-1
(film radiography), are to be achieved.

a) Provided_the thir:mt is in contact with the detector (thic is not valid for the gnnmpfri(‘ magnifir*:tion
technique), then select digital detectors so that the detector basic spatial resolution (SRy) is less thar] the
values given in Formulae (6) and (7) depending on the object to detector distance b:

¥

SR, ¥+ —
bT 15 (6)

for glass A and

b
SR, ¥+ —
b T 30 (7)

for ¢lass B.

b) If an upsharpness comparable to that obtained with film radiography (ISO 17636-1) is to be achieyed,
then f 1, should be increased compared with the values given by Formulae (1) or (2) (and Figure|21)

using the following Formulae (8) and (9) if Formula (6)cor (7) is fulfilled:

b2
Sefin =4 ®)
i (v?3/7.5%)-45R}

for ¢lass A and

b2
g ©)
" (v?2/152)<45RE

for ¢lass B.

Formula (1) or (2),er Figure 21 can determine f,,,, if the detector basic spatial resolution SRy, is much Jess

than required-by 'Formula (6) or (7) or the IQIl visibility as defined in Tables B.1 to B. 12 is achieveq by
increased SNR/(CP 1)

Tables B.13 and B.14 provide the maximum total image unsharpness values and SR, requirements for
sufficient image quality for class A and class B, respectively.

When using the elliptic technique specified in 7.1.6 or the perpendicular technique specified in 7.1.7, b shall be
replaced by the external diameter D, of the pipe in Formulae (1) and (2) and in Figure 21.

When the source is outside the object and the detector is on the other side (technique described in 7.1.8 as
double wall penetration and single image) the minimum source-to-object distance is determined only by the
wall thickness (i.e. not by the pipe diameter).
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Where possible it is preferable to avoid usage of a double wall technique (see 7.1.6 to 7.1.8) by placing the
radiation source inside the object to be radiographed, to achieve a more suitable direction of examination (see
7.1.4 and 7.1.5). The reduction in minimum source-to-object distance should not be greater than 20 %.When
the source is located centrally inside the object and the detector outside (technique shown in 7.1.4) and
provided that the IQI requirements are met, this percentage may be increased. However, the reduction in
minimum source-to-object distance shall not be greater than 50 %. A further reduction can be agreed by the
contracting parties provided that the IQI requirements are met.

7.7 Geometric magnification technique

pixel size of
film (which
lvantage of
pnification if

ly geometric

If the required 1Ql-sensitivity (proven by single wire or step hole IQl) and SRy, (proven by duplex wire IQl, see
alsq Annex C) do not meet the requirements given in the appropriatetTables B.1 to B.14, one |option is to
increase the image signal to noise ratio (see 7.3.2, CP ).

Angther option is the application of the geometric magnificatiofy/technique with increased distanfe between
the [P or DDA and the object combined with usage of an X-tay tube with a small focal spot or a|gamma-ray
soufce with small source size.

Finglly, after employing both methods, if the required™QI values are still not visible, that CR sygtem or the
DDA cannot be used for that examination.

Thel correct selection of magnification shall be, proven by usage of the duplex wire IQl on the pbject in all
prodluction radiographs. The duplex wire IQl| shall be positioned on the side of the object nearer to the detector,
if 2$R,, > d (source or focal spot size d)..Otherwise, the duplex wire QI shall be positioned on the [source side
of the object. It is recommended that duplex wire 1Qls 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 porrect magnification factorand'source size or focal spot size.

IQI4 may disturb digital images if automated defect recognition is applied. If no IQls are used forl a series of
prodluction radiographs,(the”image quality shall be proven periodically by reference images with wire IQls or
step hole 1Qls and duplex 1Qls.

Thelimage unsharpness u,,, can be estimated from the magnification v, the geometric unsharpnesg ug and the
SR{ by Formula'(10):

i = ()’ +(25Ry ) (10)
with
uG:(SID—D—1]d:(v—1)d (11)
f
where

SR, is the basic spatial resolution of the detector with a magnification of 1;

SDD is the source-to-detector distance;
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f is the source-to-object distance;

ug is the geometric unsharpness;

d is the focal spot size or source size in accordance with EN 12543 or EN 12679;

v is the geometric magnification given by the ratio SDD/f;

Uy, is the required maximum image unsharpness in accordance with Table B.13 or Table B.14 for

class A or B testing.

age
lhis

the
the

The magnifijcation factor is typically different for the source and the detector sides of the object-’Therefore
magnificatign v should be selected for the object centre. The variation of the magnificationvalue between

source side] and the detector side should be within £25 %. Smaller magnification values\may be chosen if the
CP Il as degcribed in 7.3.2 is used.

7.8 Maximum area for a single exposure

The numbef of digital radiographs for a complete examination of flat welds\(see Figures 1, 15, 17, and 18)[and

of curved V be

specified in

elds with the radiation source arranged off-centre (see.Figures 2 to 4 and 8 to 16) shoulg
accordance with technical requirements.
the

The ratio of|the penetrated thickness at the outer edge of an evaluated area of uniform thickness to that a

centre bearn

The SNRy
indicated in

The size of
of parent m

h shall not be more than 1,1 for class B and 1,2 fer class A.

values resulting from any variation of penetrated thickness should not be lower than th
Table 3 or 4. Alternatively, GVs may be,used for CR as shown in Annex D.

the area to be examined includes(the'weld and the heat-affected zones. In general, about 10
btal shall be examined on each side of the weld.

ose

mm

Recommen hble

examinatior

dations for the number of-digital radiographs are indicated in Annex A which gives an accept
of a circumferential butt weld.

7.9 Processing

7.9.1 Scah and read-out of image
ror

rom

Detectors qr scanners are to be used in accordance with the conditions recommended by the detectd
scanner manufacturer to obtain the selected image quality. The digital radiographs should be free
artefacts dye‘to processing and handling or other causes which would interfere with interpretation.

7.9.2 Calibration of DDAs

If using DDAs, the detector calibration procedure, as recommended by the manufacturer, shall be applied.
The detector shall be calibrated with a background image (without radiation) and at least with one gain image
(X-rays on and homogeneously exposed). Multi-gain calibration will increase the achievable SNRy and
linearity but takes more time. To minimize the noise due to calibration, all calibration images shall be taken
with an exposure dose (milliampére minutes or gigabecquerel minutes) at least twice as large as the dose
used for the inspection radiographs. Calibrated images should be treated as original images for quality
assurance if the procedure has been documented. The calibration shall be performed periodically and if the
exposure conditions change significantly.
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3 Bad pixel interpolation

-2:2013(E)

Bad pixels are underperforming detector elements of DDAs. They are described in ASTM E2597.[11]

If using DDAs, the detector shall be mapped to determine the bad pixel map in accordance 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 recommended that only DDAs having no cluster kernel
pixels (CKP) in the region of interest (ROI) be used.

DDAs without CKPs and CR shall be applied for inspection, which have a basic spatial resolution (SR, of the
detector less than or equal to that required in Table B.13 or B.14. If the magnification technique is used, then

the |SRy"%%° shall be determined from the measured image as described in Annex C but with thg
direptly on the test object (see 7.7). This SR, value shall be less than or equal to the values giV
B.13 or B.14. If the detector or image SR, is higher than specified in Table B.13 or B)14, th
desgribed in 7.2.3, may then be applied.

If using DDAs or imaging plates for inspection of flaw sizes of the order of the image SRibmage f
SNRy shall be increased significantly. The inspection shall be performed on the basis of an
between the contracting parties. The specified increase in SNRy may cempensate for locall
unsharpness due to bad pixel interpolation.

Thel|evaluation for bad pixels shall be performed periodically.

NOTE By analogy to the CP Il the increased SNRy, also compensates’also for the local unsharpness ca
pixe| interpolation. This is considered as CP lll.

7.9.4 Image processing

7.9.4.1 The digital data of the radiographic_ detector shall be evaluated with linearized
repriesentation which is directly proportional to the radiation dose for determination of SNR, SR

duplex 1Ql
en in Table
e CP I, as

he required
agreement
increased

used by bad

grey value
and SNRy.

Forloptimal image display, contrast and brightiess should be interactively adjustable. Optional filt¢r functions,

pro
For
pixg
radi

7.9.4.2 Further means of image processing applied on the stored raw data (e.g. high pass filterir]

disp

7.9.4.3

Ql
71

The)
suit

le plots and an SNR, SNRy, tool should-be integrated into the software for image display and
critical image analysis the operator.shall interpret the image with a zoom factor between 1:1
| of the digital radiograph is presented by one monitor pixel) and 1:2 (meaning 1 pixel o
bgraph is presented by four manitor pixels).

lay) shall be documented; be repeatable and be agreed between the contracting parties.

If further image' processing (e.g. high pass filtering) is used when evaluating single wire
Values, then thé.same filter parameters shall be used for both weld evaluation and 1Ql value de

D Monitor)viewing conditions and storage of digital radiographs

digital radiographs shall be examined in a darkened room. The monitor setup shall be ve
hble test image.

evaluation.
(meaning 1
f the digital

g for image

br step hole
fermination.

ified with a

The
a)
b)
c)

d)

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

display of at least 256 shades of grey;

minimum displayable light intensity ratio of 1:250;

display of at least 1 million pixels of a pixel size <0,3 mm.
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The original images (region of interest) shall be stored at the full resolution as delivered by the detector
system. Only image processing connected with the detector calibration (e.g. offset correction, gain calibration
for detector equalization and bad pixel correction, see ASTM E2597['1] for more details) to provide artefact-
free 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-time storage
using lossless data compression only.

8 Testreport

For each ¢
radiographi
understand
The test ref

a) nameo

b) object;

c) materia|;

d) heattre

e) geomefry of the weld;

f) materia
g) welding
h) specific

i) digital r
(ISO 17

j) testarrangement in accordance with'7.1;

k) magnifi
[) system
m) detecto
n) radiatio]

0) detecto

xposure, or set of exposures, a test report shall be made giving information on the‘di

pital

c technique used, and on any other special circumstances which would allowCa “better

ng of the results.
ort shall include at least the following information:

f the examination body;

atment;

thickness;
process;
ation of examination including requirements’for acceptance;

hdiographic technique and class, required QI sensitivity in accordance with this part of ISO 17
1636-2:2012);

cation;

of marking used;

[ position plan;

h source;type and size of focal spot and identification of equipment used;

F,(Sereens and filters and detector basic spatial resolution;

636

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

q) for CR: scanner type and parameters such as pixel size, scan speed, gain, laser intensity, laser spot size;

r) for DDAs: type and parameters such as gain, frame time, frame number, pixel size, calibration procedure;

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

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

u) type and position of image quality indicators;

28
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v) results of examination including data on software used, IQl readings;
w) image-processing parameters used, e.g. of the digital filters;

X) any deviation from this part of ISO 17636, by special agreement;

y) name, certification and signature of the responsible person(s);

z) date(s) of exposure and test report.

ISO 17636-2:2013(E)
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Annex A
(normative)

Recommended number of exposures which give an acceptable
examination of a circumferential butt weld

The minimum number of exposures required is presented in Figures A.1 to A.4, which are valid for pipes with
an external[diameter exceeding 100 mm.

When the deviation of the wall thickness of the joint to be examined, when using a single exposure At/t does
not exceed|20 %, Figures A.3 and A.4 are used. This technique is recommended only when the)possibilify of
having trangverse cracks is small or the weld is examined for such imperfections by otherinon-destrugtive
examination methods.

When At/t i$ less than or equal to 10 %, Figures A.1 and A.2 are used. In this case, it is likely that transverse
cracks are glso detected.

If the objert is examined for single transverse cracks, then the required) minimum number of dipital
radiographg increases compared with the values in Figures A.1to A.4.
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Figure A.1 — Minimum number of exposures N for single wall penetration with source outside, with a
maximum permissible increase in penetrated thickness Af/t due to inclined penetration in the areas to
be evaluated of 10 % (class B), as a function of ratios #/De and Dg/f
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Figure A.2 — Minimum number of exposures N for off-centre penetration with source inside and for
double wall penetration, with a maximum permissible increase in penetrated thickness As/t due to
inclined penetration in the areas to be evaluated of 10 % (class B), as a function of ratios /D, and

D,/SDD
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Figure A.3 — Minimum number of exposures N for single wall penetration with source outside, with a
maximum permissible increase in penetrated thickness A/t due to inclined penetration in the areas to
be evaluated of 20 % (class A), as a function of ratios /D¢ and D¢/f
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Figure A.4 — Minimum number of exposures N for off-centre penetration with source inside and for
double wall penetration, with a maximum permissible increase in penetrated thickness Ar/r due to
inclined penetration in the areas to be evaluated of 20 % (class A), as a function of ratios #/D¢ and

De/SDD
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Annex B
(normative)

Minimum image quality values
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B.1 Single wall technique; IQl on source side

Table B.1 — Wire 1Ql Table B.2 — Step and hole QI
Image quality class A Image quality class A
Nominal thickness ¢ 1Ql value Nominal thickness ¢ IQl value
mm mm

to 1,2 W18 to 2,0 H 3
above 1,2 to 2,0 W17 above 2,0 to 3,5 H'4
above 2,0 to 3,5 W 16 above 3,5 to 6 H 5
above 3,5 to 5,0 W 15 above 6 to 10 H 6
above 50 to 7 W 14 above 10 to 15 H 7
above 7 to 10 W 13 above 15 to 24 H 8
above 10 to 15 W 12 above 24 to 30 H 9
above 15 to 25 W 11 above 30 to 40 H 10
above 25 to 32 W10 above 40 to 60 H 11
above 32 to 40 W 9 above 60 to 100 H12
above 40 to 55 W 8 above 100 to 150 H13
above 55 to 85 w 7 aboyve 150 to 200 H14
above 85 to 150 W 6 above 200 to 250 H15
above 150 to 250 W 5 above 250 to 320 H 16
above 250 W 4 above 320 to 400 H17
above 400 H18

Table B.3 — Wire 1Ql Table B.4 — Step and hole QI

Image quality class B Image quality class B
Nominal thickness ¢ 1Ql value Nominal thickness ¢ IQl valye
mm mm
to 1,5 W19 to 25 H 2
above 1,5 to 2,5 W 18 above 2,5 to 4 H 3
above 2,5 to 4 W17 above 4 to 8 H 4
above 4 to 6 W 16 above 8 to 12 H 5
above 6 to 8 W15 above 12 to 20 H 6
above 8 to 12 W 14 above 20 to 30 H 7
above 42 to 20 W3 abeve 36 to 40 H—S
above 20 to 30 W12 above 40 to 60 H 9
above 30 to 35 W11 above 60 to 80 H 10
above 35 to 45 W10 above 80 to 100 H11
above 45 to 65 W 9 above 100 to 150 H12
above 65 to 120 W 8 above 150 to 200 H13
above 120 to 200 W 7 above 200 to 250 H 14
above 200 to 350 W 6
above 350 W 5
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B.2 Double wall technique; double image; IQl on source side

Table B.5 — wire IQl

Table B.6 — Step and hole I1Ql

Image quality class A Image quality class A
Penetrated thickness w 1Ql value Penetrated thickness w 1Ql value
mm mm
to 1,2 W18 to H3

above 1,2 to 2 W17 above 1 to 2 H4
aljove 2 to 3,5 W 16 above 2 to 3,5 H5
aljove 3,5 to 5 W 15 above 3,5 to 556 H6
aljove 5 to 7 W 14 above 55 to 10 H7
ahjove 7 to 12 W13 above 10 to 19 H8
aljove 12 to 18 W12 above 19 to 35 H9
aljove 18 to 30 W 11
aljove 30 to 40 W10
ahjove 40 to 50 W 9
aljove 50 to 60 W 8
ahjove 60 to 85 w 7
ahjove 85 to 120 W 6
aljove 120 to 220 W 5
ahjove 220 to 380 W 4
aljove 380 W 3

Table B.7 — Wire 1Ql Table B.8 — Step and hole 1QI

Image quality class B Image quality class B

Penetrated thickness w 1Ql value Penetrated thickness w 1Ql value
mm mm
to 15 W19 to 1 H2
atpove 1,5 to 2,5 W 18 above 1 to 2,5 H3
atbove 2,5 to 4 W17 above 2,5 to 4 H4
albove 4 to 6 W 16 above 4 to 6 H5
above 6 to 8 W15 above 6 to 11 H6
above 8 to 15 W 14 above 11 to 20 H7
above 15 to 25 W13 above 20 to 35 H8
above 25 to 38 W12
above 38 to 45 W 11
above 45 to 55 W10
above 55 to 70 W 9
above 70 to 100 w 8
above 100 to 170 w 7
above 170 to 250 W 6
above 250 W 5
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B.3 Double wall technique: single or double image; 1Ql on detector side

Table B.9 — Wire 1Ql Table B.10 — Step and hole QI
Image quality class A Image quality class A
Penetrated thickness w IQl value Penetrated thickness w IQl value
mm mm

to 1,2 W 18 to 2 H 3
above 1,2 to 2 W17 above 2 to 5 H 4
above 2 to 3,5 W 16 above 5 to 9 H-H
above 3,5 to 5 W 15 above 9 to 14 H" 6
above 5 to 10 W 14 above 14 to 22 H 7
above 10 to 15 W13 above 22 to 36 H 8
above 15 to 22 W12 above 36 to 50 H 9
above 22 to 38 W11 above 50 to 80 H 10
above 38 to 48 W10
above 48 to 60 W 9
above 60 to 85 W 8
above 85 to 125 w 7
above 125 to 225 W 6
above 225 to 375 W 5
above 375 W 4

Table B.11 — Wire IQl Table B.12 — Step and hole IQl
Image quality class B Image quality class B
Penetrated thickness w 1Ql value Penetrated thickness w 1Ql valpe
mm mm

to 1,5 W 19 to 2,5 H2
above 1,5 to 2,5 W 18 above 2,5 to 5,5 H3
above 2,5 to 4 W17 above 55 to 9,5 H4
above 4 to 6 W 16 above 9,5 to 15 H5
above 6 to 12 W15 above 15 to 24 H6
above 12 to 18 W 14 above 24 to 40 H7
above 18 to 30 W13 above 40 to 60 H8
above 30 to 45 W12 above 60 to 80 H9
above 45 to 55 W 11
above 55 to 70 W10
above 70 to 100 W 9
above 100 to 180 W 8
above 180 to 300 W 7
above 300 W 6
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B.4 Unsharpness

Table B.13 — Maximum image unsharpness for all techniques Class A

Image Quality Class A: Duplex wire ISO 19232-5
Penetrated thickness Minimum IQl value and Maximum basic spatial
wa maximum unsharpness resolution(equivalent to wire
(ISO 19232-5)P thickness and spacing)?
mm mm SRgnage
LLLLEA
D13
w<1,0 0.10 0,05
D12
1,0<w<1,5 0125 0,063
D 11
1,5<w<2 0.16 0,08
D10
2<w<bh 0.20 0,10
D9
5<w<10 0.26 0,13
D8
10<w<25 0.32 0,16
D7
25<w< 585 0,40 0,20
D6
55 <w< 150 0.50 0,25
D5
150 < w <250 0.64 0,32
D4
w > 250 0.80 0,4
a For double wall technique, single’image, the nominal thickness ¢ shall be used instead of the penetrated thickness w.
® | ThelQl reading for systeniselection (see Annex C) applies for contact radiography. If geometric magnification technifjue (see 7.7)
is Used, the IQI reading shall be performed in the corresponding reference radiographs.
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Table B.14 — Maximum image unsharpness for all techniques Class B

Image Quality Class B: Duplex wire ISO 19232-5
Penetrated thickness Minimum IQl value and maximum Maximum basic spatial resolution
wa unsharpness (equivalent to wire thickness and
(ISO 19232-5) b spacing)
mm SRgnage
mm
mm
D 13+
w<1,5 008 0,04
D13
1,5<w<4 0.10 0,05
D12
4<w<8 0.125 0,063
D 11
8<w<12 0,16 0,08
D10
12 <w <40 0.20 0,10
D9
40<w<120 0.26 0,13
D8
120 < w <200 032 0,16
D7
w > 200 0.40 0,20
@ For double wall technique, single image, the nominal thickness ¢ shallbe used instead of the penetrated thickness w.
®  The IQl feading for system selection (see Annex C) applies for contact radiography. If geometric magnification technique (see .7)
is used, the IQI reading shall be performed in the corresponding reférence radiographs.
NOTE “D 13+” is achieved if the duplex wire pair D 13 is resolved with a dip larger than 20 %.
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Annex C
(normative)

Determination of basic spatial resolution
Linearized grey levels are the precondition for the measurement of correct basic spatial resolution values. This

means the grey values need to be proportional to the radiation exposure at a given location of the image. This

H t H 1 kool o blo £ " (] £4
IS eaity SUppPUTicu Uy Ui TidruiaLiuit] o SUTwarc.

The| duplex wire 1QI shall be positioned directly on the detector surface or cassette surface @nd shall be read
in agcordance with ISO 19232-5 for determination of the detector basic spatial resolution SRy

NOTE If the duplex wire 1Ql {'%gogitioned on a test object, instead of directly on the deteetor, a meaaunerr%ent of the
image basic spatial resolution SRb 9€ is then obtained, not the detector basic spatial resolution SRy, SRbe ector,

If thie first unsharp wire pair cannot be recognized clearly (see ISO 19232-5), the 20 % dip method shall be
applied as follows.

On the digital radiograph, the first wire pair giving a modulation (dip)of less than 20 % in relation t¢ the double
peak size (see Figure C.1) shall be documented as result of the 1@l test [e.g. D8 as shown in Figure C.1 c)]. A
profifle function of the image-processing software shall be used te/recognize the first wire pair with & dip of less
than 20 % [when averaged over both minima — see Figure €1 d)]. The profile shall also be av¢raged [see
Figyre C.1 b) and c)] over at least 21 single line profiles to improve the SNR in the profile plot.

By pisage of the duplex wire 1Ql, conforming to I1ISQ 19232-5, the inherent image unsharpness| «; shall be
detgrmined and the basic spatial resolution SRy, of the detector shall be calculated with:

1
SRb :Eu[ (C1)

The| duplex wire 1QI shall be positioned at an angle of approximately 2° to 5° towards the pixel ling or column
orieptation in order to avoid aliasing effects as shown in Figure C.1.

The| determination of the basic’spatial resolution for a digital detector system (SRy) shall be perfgrmed under
one|of the following expesure conditions without object:

a) linspection of light alloys:

— tube~voltage 90 kV,

— , prefilter 1 mm Al;

b) inspnection of steel and conper allovs <20 mm nenetrated thickness:
L rr J — L

— tube voltage 160 kV,

— prefilter 1 mm Cu;
c) inspection of steel and copper alloys >20 mm penetrated thickness:

— tube voltage 220 kV,

— prefilter 2 mm Cu;
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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.

The duplex wire shall be positioned directly on the detector surface or cassette surface. The source to
detector distance shall be (100 £ 5) cm. The mean grey value in the digital image shall exceed 50 % of the
maximum grey value the SNR shall exceed 100 for standard systems with pixel size 280 um or 70 for high-
resolution systems with pixel size <80 um in the reference radiograph. The basic spatial resolution (see

Formula C.
shall be rec

The detectq
scanning di

basic spatiz

1) as measured in the reference radiograph for the digital system used and the system sett
prded in the test report.

r basic spatial resolution of CR systems shall be measured both perpendicular and qparallel td
rection of the laser. The higher value of the two SRy, values shall be used as the resulting detg

| resolution (SR, or SRgetector )
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