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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.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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s drawn to the possibility that some of the elements of this document may be the subjeq
ts. ISO shall not be held responsible for identifying any or all such paténtrights. Detail
rights identified during the development of the document will be in the Introduction ang
ist of patent declarations received (see www.iso.org/patents).

hame used in this document is information given for the convenience of users and does
an endorsement.

s related to conformity assessment, as well as information about ISO's adherence to
e Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the follow
Liso.org/iso/foreword.html.
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Non-destructive testing — Industrial computed
radiography with storage phosphor imaging plates —

Pa

rt 2:

General principles for testing of metallic materials using
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rays

Fays and ganma rays

Scope

5 document specifies fundamental techniques of computed radiography twith the aim
sfactory and repeatable results to be obtained economically. The techhiques are ba
Hamental theory of the subject and tests measurements. This document specifies the ge|

sphor imaging plates (IP). It is based on the general principlés for radiographic exar
allic materials on the basis of films, as specified in ISO 5579. The basic set-up of radiat]
ector and the corresponding geometry are intended to be@pplied in accordance with IS
‘esponding product standards such as ISO 17636 for welding and EN 12681 for foundry.

5 document does not lay down acceptance criteria of'the imperfections. Computed radiog
ems provide a digital grey value image which canbe viewed and evaluated on basis of
. This practice describes the recommended ,procedure for detector selection and rg
Ctice. Selection of computer, software, monitor, printer and viewing conditions are imy
the main focus of this document.

procedure it specifies provides the mihimum requirements and practice to permit th
acquisition of digital radiographs.with a sensitivity of imperfection detection equival
ography and as specified in 1S0)5579. Some application standards, e.g. EN 16407, ¢
erent and less stringent practice conditions.

Normative references

following documents are referred to in the text in such a way that some or all of th
Ktitutes requirements of this document. For dated references, only the edition cited 4
ated refererices, the latest edition of the referenced document (including any amendmen

5579, Nen-destructive testing — Radiographic testing of metallic materials using film and X
} — Basic rules

bf enabling
sed on the
neral rules

industrial computed X-rays and gamma radiography for flaw détection purposes, using storage

hination of
jon source,
D 5579 and

raphy (CR)
h computer
diographic
ortant but

P exposure
ent to film
an require

bir content
pplies. For
[s) applies.

- orgamma

ISO

5580, Non-destructive testing — Industrial radiographic illuminators — Minimum requiren

hents

ISO

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

[SO 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

ISO 19232-3:2013, Non-destructive testing — Image quality of radiographs — Part 3: Image quality classes
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ISO 19232-5, Non-destructive testing — Image quality of radiographs — Part 5: Determination of image
unsharpness 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 — Determination of the size of industrial radiographic sources —
Radiographic method

3 Term

s and definitions

For the pui
ISO and [E
ISO On

IEC Ele

31

computed
CR system
complete s
(scanner of

3.2
storage pk
imaging p
IP

photostimyilable luminescent material capable of stering a latent radiographic image of a matd

being exan

luminescence proportional to radiation absorbed

Note 1 to er

poses of this document, the following terms and definitions apply.

[ maintain terminological databases for use in standardization at the following addresse

line browsing platform: available at http://www.iso.org/obp

ctropedia: available at http://www.electropedia.org/

radiography system
ystem comprising a storage phosphor imaging plate (3.2) and a corresponding read-out

reader) and system software, which converts the information from the IP into a digital im

josphor imaging plate
Jate

hined and upon stimulation by a source,of red light of appropriate wavelength, gener

try: When performing computed radiegraphy (3.1), an IP is used in lieu of a film. When establis

techniques
distance (S

3.3

structure
structure
fixed patt
sensitive |

Note 1 to
pattern noi

Note 2 to
compared

3.4

Felated to source size or focal geomiétries, the IP is referred to as a detector, i.e. source-to-dete
D).

oise of imaging plate

oise of IP
rn noise measured due to IP structure which is inherent from inhomogeneities in
yer (graininess)and surface of a storage phosphor imaging plate (3.2)

try: Aftéryscanning of the exposed imaging plate, the inhomogeneities appear as overlaid f|
e in therdigital image.

122}

1nit
age

rial
htes

hing
ctor

the

xed

ntry: This noise limits the maximum achievable image quality of digital CR images and ca

grey value

GV

numeric value of a pixel in a digital image

be

Note 1 to entry: This is equivalent to the term pixel value as defined in ASTM E 2033, E 2445, E 2446 and E 2007.
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linearized grey value
GVlin

numeric value of a pixel which is directly proportional to the detector exposure dose, having a value of
zero if the detector was not exposed

Note 1 to entry: This is equivalent to the term linearized pixel value as defined in ASTM E 2033, E 2445, E 2446

and

3.6
bas

E 2007.

ic spatial resolution of CR system

SR

cor
effe

Sys
Not

Not

etector

ctive pixel size and indicates the smallest geometrical detail, which can be reselved
em at magnification equal to one

e 1 to entry: For this measurement, the duplex wire IQI is placed directly on the CRyimaging plate

3.7

basfic spatial resolution of a digital image
SR- age
corresponds to half of the measured image unsharpness it a digital image and correspa

effdctive pixel size in the image and indicates the smallestygeometrical detail, which can be
a digital image

Not
Not

Not
pixq

3.8
SN

quo
dev|

Not

3.9
no
SN

sign

e 1 to entry: For this measurement, the duplex wire\IQl is placed directly on the object (source sig

e 3 to entry: The effective pixel size of the‘image (basic spatial resolution of the digital image)
| pitch, geometrical unsharpness, dete¢tor unsharpness and magnification.

sigltal-to-noise ratio

jiation of the linearized/grey values (noise) in a given region of interest in a digital image

e 1 to entry: The-SNR depends on the radiation dose and the CR system properties.

malized-signal-to-noise ratio
N
al=to-noise ratio (3.8), normalized by the basic spatial resolution, SRp, which may be

e 2 to entry: The measurement of unsharpness is described in ISO 19232-5;see also ASTM E 2003.

e 2 to entry: The measurement of unsharpnesslis described in ISO 19232-5; see also ASTM E 20032.

‘esponds to half of the measured detector unsharpness in a digital image and corresp¢nds to the

with a CR

nds to the
Fesolved in

e).

depends on

tient of mean value of the linearized grey values (3.5), which is the signal intensity to thie standard

SRLmage or

SRy, as measured directly in the digital image and/or calculated from the measured SNR,
SNRmeasured, by

88,6um

SNRy =SNR 4
measure SR b
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3.10

contrast-to-noise ratio

CNR

ratio of the difference of the mean signal levels between two image areas to the averaged standard
deviation of the signal levels

Note 1 to entry: The contrast-to-noise ratio describes a component of image quality and depends approximately
on the product of radiographic attenuation coefficient and SNR. In addition to adequate CNR, it is also necessary
for a digital radiograph to possess adequate unsharpness or basic spatial resolution to resolve desired features
of interest.

3.11
normaliz€dd contrast-to-noise ratio
CNRy
contrast-tofnoise ratio (3.10), normalized by the basic spatial resolution, SRy, as measured directly in
the digital jmage and/or calculated from the measured CNR, by

88,6
CNRy FCNR. 2R
Ry,
3.12
aliasing

artefacts that appear in an image when the spatial frequency of the input is higher than the outpyt is
capable of reproducing

Note 1 to enftry: Aliasing often appears as jagged or stepped sections¢n'a line or as moiré patterns.

3.13
nominal thickness
t
thickness ¢f the material in the region under examination

Note 1 to enftry: Manufacturing tolerances do not have to be taken into account.

3.14
penetratefl thickness
w
thickness ¢f material in the direction-of the radiation beam calculated on basis of the nominal thickhess
(3.13) of al] penetrated walls

Note 1 to erftry: For multiple wall techniques, the penetrated thickness is calculated from the nominal thickhess
of all penetijated walls.

3.15
source size
d
size of the fadiation source or focal spot size

Note 1 to entry: See EN 12543 (X-ray-sources) or EN 12679 (gamma ray sources). Manufacturer's values may be
used if they conform to these standards.

3.16

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

4 © IS0 2017 - All rights reserved
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source-to-detector distance

SDD

distance between the source of radiation and the detector, measured in the direction of the beam

Note 1 to entry: SDD = f + b, where f is the source-to-object distance (3.18) and b is the object-to-detector
distance (3.16).

3.18

source-to-object distance

f

disfance between the source of radiation and the source side of the test object, most distaht from the

detgctor, measured along the central beam

3.1
geometric magnification
1%
ratip of source-to-detector distance (3.17) to source-to-object distance (3.18)
4 (Symbols and abbreviated terms
For|the purposes of this document, the symbols and abbreviated terms given in Table 1 apply.
Table 1 — Symbols and abbreviated terms
$ymbol Term
b object-to-detector distance
CNR contrast-to-noise ratio
CNRy normalized contrast-to-noise ratio
CR computed radiography
d source size, focal spot size
D detector (imaging plate)
fd source-to-object distance
GV grey value
GViin linearized grey value
IP storage phosphor imaging plate
IQI image\quality indicator
S radiation source
SDI source-to detector-distance
SNR signal-to-noise ratio
SN]ilN normalized signal-to-noise ratio
1
SRp basic spatial resolution, which may be SRLmage or SRgetec'Eor depending on the context
SRgetector basic spatial resolution as determined with a duplex wire IQI adjacent to the detector
gRimage basic spatial resolution as determined with a duplex wire IQI on the source side of the object
b
t nominal thickness
ugt geometric unsharpness
uj inherent unsharpness of the detector system, excluding any geometric unsharpness, measured
from the digital image with a duplex wire IQI adjacent to the detector
ur total image unsharpness, including geometric unsharpness, measured in the digital image at the
detector plane with a duplex wire IQI at the object plane

© IS0 2017 - All rights reserved 5
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Table 1 (continued)

Symbol

Term

UIm

wire IQI at the object plane normalized to magnification

image unsharpness, including geometric unsharpness, measured in the digital image with a duplex

geometric magnification

penetrated thickness

5 Perso

nnel qualification

Personnel
in accorda
personnel

NOTE ’

6 Class

6.1 Clas
Computed
Class £

Class |

Class B tec

Better tecliniques, compared with class B, are possible and may be agreed between the contracg
specification of all appropriate test parameters.

parties by
The choice

Neverthelg
by using cl
IQIs accord

If, for tech

type of radiation sourceyor'the source-to-object distance, f, it may be agreed between the contrac
parties thdt the condition selected may be that specified for class A. The loss of sensitivity shal
compensated by adincrease of minimum grey value and SNRy (recommended increase of SNRy |
factor > 1,4). Because of the resulting improved sensitivity compared to class A, the test object ma]

regarded

berforming non-destructive examination in accordance with this document shall be quali
nce with ISO 9712 or equivalent to an appropriate level in the relevant industrial sector.
shall prove additional training and qualification in digital industrial radiology.

b

fication of computed radiographic techniques and compensation
principle¢s

sification
radiographic techniques are subdivided into two classes:

: basic technique;

hnique is used when class A may be insufficiently sensitive.

raining content for digital industrial radiology can be found in TCS-60 document of TAEA[10],

: improved technique.

of radiographic technique shall be agreed between the parties concerned.

ss, the perception of flaws using film radiography or computed radiography is compar
ass A and class B techniques, respectively. The perceptibility shall be proven by the us
ing to ISO 19232-1,150 19232-2 and ISO 19232-5.

ical reasons, itismot possible to meet one of the conditions specified for class B, such as

examined within class B if the correct IQI sensitivity is achieved.

fied
The

—-

ng

hble
e of

the
[ing
| be
Dy a
/ be

6.2 Com

pensation principles, CP I and CP II

6.2.1 General. Two rules (see 6.2.2 and 6.2.3) are applied in this document for radiography with CR to
achieve a sufficient contrast sensitivity.

Application of these rules requires the achievement of a minimum contrast-to-noise ratio, CNRy,
normalized to the detector basic spatial resolution per detectable material thickness difference, Aw. If
the required normalized contrast-to-noise ratio (CNRy per Aw) cannot be achieved due to an insufficient

value of on

e of the following parameters, this can be compensated by an increase in the SNR.

6.2.2 CP L. Compensation for reduced contrast (e.g. by increased tube voltage) by increased SNR (e.g.
by increased tube current or exposure time).

© ISO 2017 - All rights rese
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6.2.3 CP II. Compensation for insufficient detector sharpness (the value of SRSetecmr higher than

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

6.2.4 Theoretical background. These compensation principles are based on the following
approximation for small flaw sizes (Aw < < w) as shown in Formula (1):

CNRy  Uq -SNR
=C-
Aw SRLmage

ey

whére

c is a constant;

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

7 |General

7.1 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
legal requirements must be applied.

Locpl or national or international safety precautions when using ionizing radiation shall|be strictly
applied.
7.2| Surface preparation and stage ofimanufacture

In general, surface preparation is notmecessary, but where surface imperfections or coatfings might
caupe difficulty in detecting defects;*the surface shall be ground smooth or the coatings shall be
removed.

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

7.3| Identification,of radiographs

Symnbols shall_be-affixed to each section of the object being radiographed. The imagds of these
synmbols shathappear in the radiograph outside the region of interest where possible and shall ensure
unambigueus’identification of the section.

7.4 “Marking

Permanent markings on the object to be examined shall be made in order to accurately locate the
position of each radiograph.

Where the natures 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.

7.5 Overlap of phosphor imaging plates

When radiographing an area with two or more separate phosphor imaging plates (IP), the IPs shall
overlap sufficiently to ensure that the complete region of interest is radiographed. This shall be verified
by a high-density marker on the surface of the object that will appear on each image. If the radiographs
will be taken sequentially, the high density marker shall be visible on each of the radiographs.

© IS0 2017 - All rights reserved 7
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7.6 Types and positions of image quality indicators and IQI values

The quality of images shall be verified by use of image quality indicators (IQIs) in accordance with
ISO 19232-5 and ISO 19232-1 or ISO 19232-2. If not otherwise specified by the contracting parties, the
required IQI values of ISO 19232-3 shall be achieved. The IQIs shall be placed on the source side of the
object. If this is not possible, the 1QIs shall be placed on the detector side of the object with an additional
letter F.

NOTE Positioning of IQIs on the detector side would apply, for example, for double wall single image in-
service inspection.

the
be
Fion

. [The

phs

J|the

duplex wire IQI shall be positioned on the object. The measured basic spatialresolution of the digital
image (SR[™?°) (see Annex A), shall not exceed the maximum values specified as a function of{the

penetrated material thickness (Table 5). For single image inspectiong.the single wall thickness is taken
as the pen¢trated material thickness. For double wall double imagednspection (ISO 19232-3), with|the
duplex wirle on the source side of the object, the penetrated material thickness is taken as the ofiter

object dimension for determination of the required basic spatial resolution (SRibmage ) from Table 5. [The

R detector

basic spatfal resolution of the detector (S ) for, double wall double image inspection shall

correspond to the values of Table 5 chosen on the basisi6f twice the nominal single wall thickness as|the
penetrated material thickness.

If the geonjetric magnification technique is applied with v > 1,2, then the duplex wire IQI (ISO 1923p-5)
shall be us¢d on all production radiographs:

The dupley wire IQI shall be positionedtilted by a few degrees (2° to 5°) to the digitally achieved rpws
or columng of the digital image. If tHe)IQI is positioned at 45° to the digital lines or rows, the obtained
IQI number shall be reduced by one.

The contralst sensitivity of digital images shall be verified by use of IQIs, in accordance with the spe¢ific
application] as given in ISQ.19232-3.

The single|wire or step<hole 1QIs used shall be placed preferably on the source side of the test objject
at the centfe of the@rea of interest. The IQI shall be in close contact with the surface of the object] Its
location shill be in-a’section of uniform thickness characterized by a uniform grey value (mean) in{the

digital imajge.

According W

a) When using a single wire 1QI, the wires shall be on a location of constant thickness, which shall
ensure that at least 10 mm of the wire length shows in a section of uniform grey value or SNRy.

b) When using a step hole IQ], it shall be placed in such a way that the hole number required is placed
close to the region of interest.

For double wall double image exposures, the IQI type used can be placed either on the source or on the
detector side. If the IQIs cannot be placed in accordance with the above conditions, the 1QIs are placed
on the detector side and the image quality shall be determined at least once from comparison exposure
with one IQI placed at the source side and one at the detector side under the same conditions. If filters
are used in front of the detector, the IQI shall be placed in front of the filter.

8 © IS0 2017 - All rights reserved
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For double wall exposures, when the IQI is placed on the detector side, the above test is not necessary.
In this case, refer to the corresponding tables of ISO 19232-3.

Where the IQIs are placed on the detector side, the letter F shall be placed near the IQI and it shall be
stated in the test report.

The identification numbers and, when used, the lead letter F, shall not be in the area of interest, except
when geometric configuration makes it impractical.

If steps have been taken to guarantee that digital radiographs of similar test objects and regions are
produced with identical exposure and processing techniques and no differences in the image quality

valyie are likely,

:E Tikely, the 1image quallty nieed not be veritied for every dlgltal raalograpli. The exte

quallity verification should be subject to agreement between the contracting parties

For
thré
rep

If the IQI cannot be placed inside a hollow object or a pipe for inspection\[€.g. with sourg

locd
wit

8

8.1

Test

EN

8.2

8.2

To maintain good flaw sensitivity, the X-ray tube voltage should be as low as possible and t

the
thid

Imdging plates with high“structure noise of the sensitive IP layer (coarse grained) should

wit
plat
exp|

exposures of pipes with diameter 200 mm and above with the source centrallyilocat
be [QIs should be placed equally spaced at the circumference. The IQI images are then
Fesentative for the whole circumference.

ted), it can be located outside. The required IQI values shall be detetmiined by a referenc
h [QIs on the source and the detector sides of the pipe or a hollow-gbject.

Recommended techniques for making computed radiographs

Test arrangements

arrangements shall be determined from the specific application standards, e.g. ISO 1
12681.

Choice of X-ray tube voltage and radiation source

1 X-ray equipment

digital image should be aghigh as possible. Recommended maximum values of tube volf

h about 20 % less-X-ray voltage as indicated in Figure 1 for class B testing. High definiti
es, which are.gxposed similar to X-ray films and having low structure noise (fine grained|
psed with X-ray voltages of Figure 1 or higher if the SNRy is sufficiently increased (see N

ht of image

bd, at least
considered

e centrally
e exposure

¥636-2 and

he SNRy in
age versus

kness are given in Figufe 1" These maximum values are best practice values for film radipgraphy.

be applied
bn imaging

should be
bte below).
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Figur¢ 1 — X-ray voltage for X-ray devices up to 1 MV as function of penetrated material
thickness and material

NOTE An improvement in.eontrast sensitivity can be achieved by an increase in contrast at constant SNRy
[by reductign of tube voltage-and compensation by higher exposure (e.g. milliampére - minutes)]; or improvement
in contrast|sensitivity by aw'increase in SNRy [by higher exposure (e.g. milliampeére - minutes)] at consftant
contrast (cqnstant kiloyelt level); increased tube voltage [at a constant exposure (e.g. milliampére - minufes)]
reduces the|contrast@nd increases the SNRy. The contrast sensitivity improves if the increase in SNRy is higher
than the conptrastreduction due to the higher energy.

8.2.2 Other’radiation sources

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

By agreement of the contracting parties, the value for Ir-192 may be reduced furthermore to 10 mm and
for Se-75 to 5 mm penetrated wall thickness, provided the required image quality of ISO 19232-3 is met.

On thin specimens, gamma rays from Ir-192 and Co-60 will not produce computed radiographs having
as good 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
thickness for which each of these gamma ray sources may be used when the use of X-rays is difficult.

For certain applications, wider wall thickness ranges may be permitted, if sufficient image quality can
be achieved.
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In cases where radiographs are produced using gamma rays, the travel time to and from the source
position shall not exceed 10 % of the total exposure time.

Table 2 — Penetrated material thickness range for gamma ray sources and X-ray equipment
with energy from 1 MeV and above for steel, copper and nickel-based alloys

Radiation source Penetrated material thickness, w
mm
Class A Class B
Tm-170 ws<5 w<5
Yb-169 a 1sw<15 2sw<12
Se-75b 10sw=<40 14 < w40
Ir-192 20<w<100 20sw=<90
Co-60 40 sw<200 6Q'<w<150
X-rdy equipment with energy 1 to 4 MeV 30sw<200 50<w <180
X-rdy equipmentwith energy 4 to12 MeV 50w 80w
X-rgy equipment with energy > 12 MeV 80w 100w
a  |For aluminium and titanium, the penetrated material thickness is 10 < w < 70 for class A and 25 < w < 55 fgr class B.
b |For aluminium and titanium, the penetrated material thickness is 35 < w < 120 for class A.

Thd

maximum penetrated thicknesses as given in Table 2 may’be exceeded if sufficient 1QI

sensitivity

can|be proven.

8.3| CR systems and screens

8.3]11 Minimum normalized signal-to-noiseratio

For|digital radiographic examination, minimum SNRy values as given in Tables 3 and 4 of minimum
grey values shall be achieved. Annex C.describes the procedure for measurement of SNRy and provides a
confersion table for users who prefér fo use unnormalized measured SNR values instead of normalized
SNRy values.

Eqyivalent minimum grey values may be used instead of minimum SNRy values if they are determined
by means of the procedure ofAnnex C for the IP used, the scanner used and its settings and the required
SNRpy of Tables 2 and 3:

Theg SNRy value shall be measured in the region of interest near the wire or step hole [QIs in the
thidker part of £he’test object in a zone of homogeneous wall thickness and constant gfey values.
Singe the roughness of the material influences image noise and SNRy, the values in Tables $ and 4 are
recommended’values only. The values may fall short up to 20 % of the values of Tables 3 and #, provided
therequired image quality of ISO 19232-3 is met.

Annex C describes the method for determination of equivalent minimum grey values in|lieu of the
required SNRy.

8.3.

2 Metal screens and shielding

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

Many IPs are very sensitive to low energy back scatter and X-ray fluorescence of back shieldings
from lead. This effect contributes significantly to edge unsharpness and reduced CNR and should be
minimized. It is recommended to use steel or copper shielding directly behind the IPs. Also, a steel
or copper shielding between back scatter lead plate and IP may improve the image quality. Modern
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cassette and detector designs may consider this effect and are constructed in a way that additional
steel or copper shielding outside the cassette is not required.

NOTE Due to the protection layer between the lead and the sensitive layer of an [P, the effect of intensification
by electrons is considerably reduced and appears at higher energies. Depending on the radiation energy and
protection layer design, the effect of intensification amounts to between 20 % and 100 % only (compared to no
screen) at typical X-ray energies.

The small intensification effect generated by a lead screen in contact with an IP can be compensated
for by increased exposure time or milliampeére - minutes, if no lead screens are used. Since lead screens
in contact with IPs may generate scratches and abrasions on IPs, if not carefully separated for the scan

process, leqdscreens shoutd be used for intermedtate fiitering of scattered radiation outside of tasseltes.
No intermgddiate filtering is recommended for inspecting steel specimen having a thickness <12 mm,
Tables 3 arld 4 show the recommended screen materials and thicknesses for different radiation’sour|ces.
Other scregn thicknesses and materials may be also agreed between the contracting parti€s provided
the required image quality is achieved. The usage of metal screens is recommended in‘front of IPs.
Table 3 — Minimum SNRy and metal front screens for the computed radiography of steel
copper- and nickel-based alloys
Penetrated Recommended type and
Radiation source material Minimum SNRy thickness of metal
thickness, w front screens
mm Class A Class B mm
X-ray p¢tentials < 50 kV 100 50 None
X-ray potentialsc B
> 50[kV to 150 kV 70 120 0-0,1(Pb)
X-ray potentialsc B
> 150 kV to 250 kV ' 100 0-0,1(Pb)
X-ray potentialsc <50 70 100 0- 0,25 (Pb)
> 250 kV to 350 kV >50 70 70 0,1-0,3 (Pb)
X-ray potentialsc <50 70 100 0,1 - 0,3 (Pb)
>350kVto1000kV >5() 70 70 0,1-0,3 (Pb)
<5 70 120 0-0,1(Pb)
Yb-169¢
>5 70 100 0-0,1 (Pb)
<50 70 100 0,1-0,3 (Pb)
Ir-J92¢, Se-75¢
>50 70 70 0,1-0,4 (Pb)
<100 70 100 0,5 (Fe) + 1,5 (Pb
0602 b (Fe) (Pb)
>100 70 70 0,5 (Fe) + 2,0 (Pb)
X-ray poteiitialsab <100 70 100 0,5 (Fe) + 1,5 (Pb)
1MV >100 70 70 0,5 (Fe) + 2,0 (Pb)
a  In case of multiple screens (Fe + Pb), the steel screen shall be Tocated between the IP and the Tead screen.
b Instead of Fe or Fe + Pb, copper, tantalum or tungsten screens may also be used if the image quality can be proven.
¢ Pbscreens may be replaced completely or partially by Fe or Cu screens. The equivalent thickness for Fe or Cu is three
times the Pb thickness.
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Table 4 — Minimum SNRy values and metal screens for aluminium and titanium

Radiation source Minimum SNRy Type ar}g;rl::cslz;lszzgfmetal
Class A Class B mm
X-ray potentials < 150 kV 70 120 <0,03 (Pb)
X-ray potentials > 150 kV to 70 100 <0,2 (Pb)a
250 kV
X-ray potentials > 250 kV to 70 100 <0,2 (Pb)a
500 kV
Yb-169 70 100 <0,15 (Rb)a
Se-75 70 100 <03(Pb)p
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 casgette.
8.4 Maximum unsharpness and basic spatial resolution for CR system selectioh
8.4]1 System selection

bability of
5 and basic

Computed radiography systems shall provide sufficient image quality for a certain pra
detg¢ction of material inhomogeneities. Table 5 defines the required maximum unsharpnes
spatial resolution values and minimum duplex wire [QI-values®fithe CR system to be selected/depending
on penetrated material thickness and testing class. CR systenis for digital radiography shallfnot exceed
theminimum unsharpness and basic spatial resolution valties given in Table 5 or shall not fall below the
reqpired duplex IQI value.

Thd
the
be

9232-5) of
28 shall

unsharpness and basic spatial resolution (or the‘duplex wire IQI value according to ISO
used CR system shall be confirmed by a reféfence exposure to determine SRZetector gp
letermined if the magnification is > 1,2,

R getector

The basic spatial resolution of the detector (S ) or the basic spatial resolution in|the digital

image (SRLmage) is calculated froem the unsharpness value (ur) as determined by the priocedure of

ISO
3 x

digjtal image.

Tes

19232-5) and Annex A. Elaws should be inspected by a CR system which are larger or
3 pixels for spot like indicdtions and larger or equal than 2 x 6 pixels for linear indicat

[ing can be performed with CR systems, which have a higher unsharpness than required

equal than
ions in the

in Table 5,

if the compensatignjprinciple II is applied.

8.42 Comipensation principle II

If bpth<IQT sensitivities (contrast sensitivity by single IQI wires or step holes on the on¢ hand and

spatiabresolution of the detector by duplex wire IQIs on the other) of Table 5 cannot be achieved by
the d‘rﬁﬁi—d‘ﬁ—l_f@—b_l‘rale ECTorT System and exposure conditions used, an Increase in singte 19T wire visibility or step hole

visibility shall compensate for the exceeded unsharpness values (or exceeded SRy values).

For example, if the required values of D12 and W16 (for 5 mm thickness, class B — Table 5 or
[SO 19232-3:2013, Table 3) are not achieved at the same time for a specific detector set-up, then the
values D11 and W17 provide an equivalent detection sensitivity. The compensation shall be limited to a
maximum increase of two single wires for two missing resolved duplex wire pairs. If the required flaw
sensitivity can be demonstrated for the specific application, by agreement between the contracting
parties, the compensation may be extended to a maximum of three single wires for three missing
resolved duplex wire pairs.
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Table 5 — Maximum image unsharpness for all techniques

Maximum IQI value and Maximum basic spatial
Penetrated thickness wa maximum unsharpness resolution (equivalent to wire
(ISO 19232-5)b thickness and spacing)b
mm mm mm
Image quality class A
D13
t<1,0 0,10 0,05
10 t< 10 D 12 00632
o 0,125 ’
D11
1,5<t<2 0,16 0,08
D 10
2<t<5 0,20 0,10
D9
5<t<10 0,26 013
D8
10<t<25 0,32 0,16
D7
25<t<55 0,40 0,20
D6
55<t<150 0,50 0,25
D5
150 < t< 250 0,64 0,32
D4
t>250 0,80 0,4
Image quality class B
D 13+
t<1,5 0,08 0,04
D13
1,5<t<4 0,10 0,050
D12
4<t<8 0,125 0,063
D11
8<t=<12 0,16 0,08
D 10
12<t<40 0,20 0,10
D9
40 <t 2120 0,26 0,13
D8
120 < t< 200 0,32 0,16
D7
t>200 0,40 0,20
NOTE “D 13+”is achieved if the duplex wire pair D 14 of Table A.1 is achieved or D 13 is resolved with a dip larger than 20 %.
a  For double wall technique, single image, the nominal thickness, t, shall be used instead of the penetrated thickness, w.
b The IQI reading for system selection (see Annex B) applies for contact radiography. If geometric magnification
technique is used, the IQI reading shall be performed in the production radiographs.

The SRgeteCtor is fixed by design and hardware parameters.

image )

If the magnification technique is used, the SRp shall be determined from the magnified image (SR

measurement with the duplex wire IQI on the object.
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8.5 Alignment of beam

The beam of radiation shall be directed to the centre of the area being inspected and should be normal
to the object surface at that point, except when it can be demonstrated that certain flaws are best
revealed by a different alignment of the beam. In this case, an appropriate alignment of the beam can be

permitted. Other ways of digital radiographing may be agreed between the contracting parties.

8.6

8.6.

Reduction of scattered radiation

1 Metal filters and collimators

Ino
pos

Wit
afi

0,5
or (

8.6

Thd
lett

rder to reduce the effect of back-scattered radiation, direct radiation shall be collimated
sible to the section under examination.

h Se-75, Ir-192 and Co-60 radiation sources, or in case of edge scatter, a sheet.of léad can
ter of low energy scattered radiation between the object and the IP. The thickness of t
Imm to 2 mm in accordance with the penetrated thickness. Between lead@nd IP, a 0,5 mm
,2 mm Cu filter is recommended to shield X-ray fluorescence of the lead filter.

2 Interception of back scattered radiation

presence of backscattered radiation shall be checked for’éach new test arrangemen
br B (with a height of minimum 10 mm and a thicknessofuminimum 1,5 mm) placed in

be

(negative presentation, i.e. decreased linearized grey vdlue), it shall be rejected. If the symb

ind each cassette. If the image of this symbol recordsias‘a lighter image on the digital

as much as

be used as
his sheet is
steel filter

E by a lead
hmediately
Fadiograph
l is darker

(indreased linearized grey value) or invisible, the digital radiograph is acceptable and defnonstrates

good protection against backscattered radiation.

If npcessary, the detector shall be shielded fromy backscattered radiation by a sheet of lead
1 mfm thickness or a sheet of tin of at least 1,5 mm thickness, placed behind the detector. An

of at least
additional

shiglding of steel or copper (about 0,5 mm-*thickness) shall be applied between the lead shi¢ld and the
detg¢ctor to reduce the influence of lead X-ray fluorescence radiation. No lead screens shall[be used in
confact with the back side of the detegtor for radiation energies above 80 keV.

8.7| Source to object distance

8.711 General requirements

Thg minimum source-to-object distance, fmin, depends on the source size, d, and on thg¢ object-to-
detg¢ctor (IP) distance, b. The source size or focal spot size, d, shall be in accordance with EN 12543 or

EN

8.7

12679. Manufacturer's values may be used if they conform to these standards.

2 _Testing of planar objects and curved objects with flexible IPs

For

testing of planar objects and curved objects with flexible IPs on hasis of Figure 2 a), the

distance, f,

shall, where practicable, be chosen so that the ratio of this distance to the source size, d, i.e. f/d, is not
below the values given by Formula (2) and Formula (3):

For class A: f/d = 7,5 (b) 2/3

For class B: f/d = 15 (b) 2/3

(2)

3

where b is the maximum distance between the detector and the source side of the object (in mm).

If the distance b < 1,2 t, the dimension, b, in Formula (2) and Formula (3) and Figure 2 shall be replaced
by the nominal thickness, t.
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For determination of the source-to-object distance, fiin, the nomogram in Figure 3 may be used.

The nomogram is based on Formula (2) and Formula (3) and is valid for testing of objects with the [P in
contact [see Figure 2 a)] only.

In class A, if planar imperfections have to be detected, the minimum distance, fiin, 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, radiographic techniques more sensitive
than class B shall be used.

8.7.3 Testing of curved objects with IPs in cassettes

For exposyre geometries on the basis of Figure 2 b), the distance, f, shall, where practicables/be chdsen
so that the|ratio of this distance to the source size, d, i.e. f/d, is not below the values given by\Fetmuld (4)

ForclagsA: f/d>7,5— (4)

e

For clags B: f/leSi (5)

e
where
t is the nominal material thickness to inspect (mm);
b is the maximum distance between detector and the-source side of the object (in mm).

In class A, If planar imperfections have to be detected, the minimum distance, fiin, shall be the samg as
for class B |n order to reduce the geometric unshagpness by a factor of 2.

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

Both the ir]herent unsharpness (u; = 2SRE¢T ) of a CR system system and the geometric unsharppess

(ug) contribute to the total unsharpness (ut) in the image if not corrected by means of geomdtric
magnification as shown in Formula{6):

up =2 +12 ©)

Therefore,|it is recommended that the distance, fimin, be increased to compensate for any additignal
unsharpness of the*CR system. For more details, see ISO 17636-2.

If magnification technique is used with v > 1,2, the image unsharpness, uyy, shall be used instead olf ur
in Table 5 with-Fersma{A}:

Uim =ut /v (7)

8.7.4 Exceptions for panoramic projection exposures with the source in the centre of the pipe

Where possible, it is preferable to avoid usage of a double wall technique by placing the radiation
source inside the object to be radiographed, to achieve a more suitable direction of examination. 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 and provided that the IQI requirements
are met, this percentage may be increased and a CR system may be used with one duplex wire value
less than required in Table 5 based on the system qualification (see Note). However, the reduction in
minimum source-to-object distance shall not be greater than 50 %. A reference exposure under the
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same geometric conditions with the IQI on source size should be taken to verify the achieved image
quality in reference to ISO 19232-3, if the IQI cannot be placed in the pipe. A further reduction of SOD
can be agreed by the contracting parties provided that the IQI requirements are met.

NOTE The system qualification can be based on the manufacturer’s statement or on a reference exposure
with the duplex wire IQI directly on the detector.

S S S S

9 ; 20 7s SN Yy <
D} =~ ===} - D
T -

D
D D D D
7z 77 | iv = ~
e ~ é \ E “~ Q
S S S S
a) With flexible imaging plates b) With planar cassettes

Key
D |detector (imaging plate)
S [|radiation source

Figure 2 — Test arrangement for single-wall penetration of curved objects
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b  distanck detector to maximum object source side in mm
Figure¢ 3 — Nomogram for determination of minimum source-to-object distance, fyin, in
relation-to-the nhinr‘f IP distance (h) and the sgurce-size ((‘) for lr)lnncn' nl’\}'n{‘l‘c and curve

objects using flexible IPs as shown in Figure 2 a)

NOTE For testing of curved objects using planar cassettes, larger fyin values than those determined by this
nomogram are needed when b > t.

8.8 Maximum area for a single exposure

The ratio of the penetrated thickness at the outer edge of an evaluated area of uniform thickness to that
at the centre beam shall not be more than 1,1 for class B and 1,2 for class A.

The SNRy values resulting from any variation of penetrated thickness should not be lower than those
indicated in Table 2 or Table 3. Alternatively, GVs may be used for CR as shown in Annex C.
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8.9 Erasure of imaging plates

In order to avoid unduly high background intensities arising from exposure by natural radiation, IPs
shall always be erased before use if the last erasure was more than two weeks ago. If IPs are used for
high-energy application or gamma radiography, they shall be checked for sufficient erasure by a test
read out, after erasure.

8.10 Data processing

8.10.1 Image processing

The data of the digital radiographs shall be evaluated with linearized grey value representdtion which
is djrectly proportional to the radiation dose for determination of SNR, SR, "*&¢, SREFECtor | and SNRy.

For|optimal image display, contrast and brightness should be interactively adjustable. Optional filter
fungtions, profile plots and an SNR, the SNRy tool should be integrated into’the softwarg for image
display and evaluation. For critical image analysis, the operator shall interpret the image with a zoom
factior between 1:1 (meaning one pixel of the digital radiograph is presented by one monitof pixel) and
1:2 (meaning one pixel of the digital radiograph is presented by four monitor pixels).

Furfher 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.

If firther image processing (e.g. high pass filtering) is_used when evaluating single wire or step
hol¢ IQI values, then the same filter parameters shall beused for both weld evaluation anfd IQI value
det¢rmination.

8.10.2 Monitor, viewing conditions and storage of digital radiographs
Theg computed radiographs shall be examined-in a dimmed room on a monitor.

Altgrnatively, printed film hardcopies shdll be examined on a viewing station corresponding fo ISO 5580
and shall have a resolution better or.eqtral to the requirements of Table 5.

Theg monitor setup shall be verified-with a suitable test image.

The display for image evaluation shall fulfil the following minimum requirements:
a) |minimal brightness'of250 cd/m?2;

b) |display of minimmnal 256 shades of grey;

¢) |minimumsdisplayable light intensity ratio of 1:250; and

d) |display-ef minimal 1 million pixels of a size <0,3 mm.

Theariginal images (region of interest) shall be stored at the full resolution as delivered by the|CR system.

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

For each computed radiograph or set of computed radiographs, a test report shall be made giving
information on the radiographic technique used and on any other special circumstances which would
allow a better understanding of the results.
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Details concerning form and contents should be specified in special application standards or be agreed
on by the contracting parties. If inspection is carried out exclusively to this guideline, then the test
report shall contain at least the following information:

a)
b)
c)
d)
e)
f)
g)
h)
i)
j)
k)
)

20

name of the test house;

number of test report;

object

under test;

material tested;

stage of manufacture;

nomin

radiog

systenp of marking used;

[P pos

radiation source, type and size of focal spot or gamma source and equipment used;

selectgd IP system and its basic spatial resolution as qualified, screéns and filters;

tube v

time o

type a

readinig of IQIs, minimum SNRy or minimum greyvalue in ROI;

confor
any de|

name,

date of exposure and report;

a reference to this docuntent, i.e ISO 16371-2.

h] thickness;

raphic technique and class;

tion plan and photograph, if required;

bltage and current or source activity;
f exposure, b and SDD;

nd position of image quality indicators;

mity with this document;
viation from agreed standards dnd'this document;

certification and signatureofithe responsible person(s);
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Annex A
(normative)

Determination of basic spatial resolution, srgetectr

Linearized grey levels are the precondition for the measurement of correct basic spatial resolution

n location

e
of the image. This is typically supported by the manufacturer’s software.

Thd duplex wire IQI shall be positioned directly on the detector surface or casSette s
shall be read in accordance with ISO 19232-5 for determination of the deteetor ba
resélution, SR%eteCtor )

NOTE If the duplex wire 1QI is positioned on a test object, instead of directly on'the detector, a me3
the {mage basic spatial resolution SRi)mage is then obtained, not the detector basi¢ spatial resolution §
If the first unsharp wire pair cannot be recognized clearly (see ISO19232-5), the 20 % dip m
be dpplied as follows.

On
the

wir

pro
309

Formula (A.1):

Thd
colu

Thd
und

a)

b)

)

Fhe digital radiograph, the first wire pair giving a modulation (dip) of less than 20 % in

file shall also be averaged [see Figure A.1 b) and\c)] over atleast 21 single line profiles (rec
b to 60 % of duplex wire length) to improve the SNR in the profile plot.

1sage of the duplex wire IQI, conforming@to ISO 19232-5, the inherent image unsharpne
Hetermined and the basic spatial, réSolution, SRIC®C®OT of the detector shall be calcy

_

SRgeteCtor - :

i

duplex wire 1QI shall-be positioned at an angle of approximately 2° to 5° towards the p
mn orientation jn‘erder to avoid aliasing effects as shown in Figure A.1.

determinatiohof the basic spatial resolution for a CR system system (SR 3¢ ) sha]] be
er one of the following exposure conditions without object:

inspection of light alloys:

1) tube voltace 90 k-
7 5 7

double peak size (see Figure C.1) shall be documented-as result of the IQI test [e.g. D8 4
Figiire A.1 c)]. A profile function of the image-processing software shall be used to recognl
P pair with a dip of less than 20 % [when averaged over both minimal — see Figure /

irface and
sic spatial

surement of
R getector .

pthod shall

relation to
s shown in
ze the first
.1 d)]. The
bmmended

ss, uj, shall
lated with

(A1)

ixel line or

performed

2) prefilter 1 mm Al;

inspection of steel and copper alloys < 20 mm penetrated thickness:
1) tube voltage 160 kV;
2) prefilter 1 mm Cu;

inspection of steel and copper alloys > 20 mm penetrated thickness

1) tube voltage 220 kV;
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2) prefilter 2 mm Cu;

d) gamma radiography or high energy radiography:

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

2) 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 detect
to the sca

resulting d

Table Al p

pr basic spatial resolution of CR systems shall be measured both perpendicular and par
ing direction of the laser. The higher value of the two SR yaluesshall be used as

etector basic spatial resolution (SRgeteCtOr ).

rovides the unsharpness values and duplex wire numbers as givenin ISO 19232-5.

N or
tial
and

h1lel
the
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|

a) Image of the duplex wire IQI as shown in a radiograph
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b) Profile of the duplex wire IQI averaged from the least 21 lines

T | T | T | T | T |
\
100
28,3 % 99,9 % A

8o
70 B
5 1)
50
4o
3p
2 | i
10

0 535 24Lo 2462250 255 260 265 270 275 280 ' ' ' ' : ' ' ' ' '

X 790 800 810 820 830

c) Zoomed profile of wire pair D7 and D8

Key

d) Scheme for calculation of the dip
(in %) with: dip=100 x (A+B-2(C)

value
(A+B)

D7 duplex wire IQI values
D8 duplex wire IQI values

X distance
Y amplitude

Figure A.1 — Example for duplex wire IQI evaluation with resulting IQI value D8

For improved accuracy in the measurement of the SRI®T yalue, the 20 % dip value should be

interpolated from the modulation depth (dip) of the neighbour duplex wire modulations. Figure A.2
represents the corresponding procedure for a high-resolution CR system.
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a) Profile plot of measured profile of a high-resolution system with determined modulation
depths (dips)
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b) Interpolation of modulation depth vs. duplex wire diameter (corresponds to SRp)

NOTE The 20 % value is detérmined from the intersection with the 20 % line resulting in iSRy, of 66 pm,|

Figurie A.2 — Example of the determination of the interpolated basic spatial resolution
(iSR detectof § by interpolation from the measured modulation (dip) of the neighbour duplex wire
elements

The dependentce of modulation (dip) from wire diameter should be fitted with a polynomial of sedond
order for calculation of the intersection with the 20 % line as indicated in Figure C.2. Modulation values
greater than zero shall be used for the interpolation only. If no values are available with dip less than

20 %, the next wire pair value with the dip of zero shall be used. If the measured iSR¢®T js smaller

than the pixel size, e.g. due to aliasing effects, iSRI€®®F shall be qualified as iSREC" = pixel size.

The interpolated SRp-value (see Figure C.2) shall be recorded as “interpolated SRp-value” or iSRgeteCtor :

This value may be used instead of the non-interpolated SRy, value by agreement of the contracting
parties.
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