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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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procedures used to develop this document and those intended for its further maint
cribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteriameé
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

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

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

an explanation of the voluntary nature of standardsythe meaning of ISO specific
ressions related to conformity assessment, as well.as information about ISO's adherg
[1d Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see wy
foreword.html.
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5 document was prepared by Technical CGommittee ISO/TC 44, Welding and allied|

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

5 second edition cancels and replaees the first edition (ISO 17636-1:2013), which has been
sed.

main changes are as follows:

the normative references have been updated;

the Figures have-been updated;

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

in 6.7 the use of ASTM wires and other image quality indicators (1QIs) by agreement of (
pafties has been added;

enance are
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processes,

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

hccordance

technically

ontracting

i b6./ aJ the acceptance ol a shorter wire visibility than 10 mm for pipes with a
diameter < 50 mm has been added;

n external

in6.7,6.8 and 6.9 a clarification for the IQI usage for the double-wall double-image (DWDI) technique

has been added;
in 6.9 and 7.2.2 the lower thickness limit for Se 75 applications has been deleted;
measurement of optical density in the root of the weld has been clarified;

IQI use for the DWDI technique has been clarified.

Alist of all parts in the ISO 17636 series can be found on the ISO website.
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Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html. Official interpretations of
ISO/TC 44 documents, where they exist, are available from this page: https://committee.iso.org/sites/
tc44/home/interpretation.html.
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Non-destructive testing of welds — Radiographic testing —

Part 1:

X-

and gamma-ray techniques with film
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Scope
5 document specifies techniques of radiographic testing of fusion-welded joints in metalli

Its. The techniques are based on generally recognized practice and fundamiental the
ect.

$g industrial radiographic film techniques with the object of enabling satisfactory and

sed in this document covers other cylindrical bodies, such as tubes,/penstocks, boiler
Esure vessels.

5 document does not specify acceptance levels for any of thé/indications found on the r4g
ISO 10675 series provides information on acceptance leyéls/for weld evaluation.

er than when this document is strictly applied.

Normative references

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

5576, Non-destructive testing.— Industrial X-ray and gamma-ray radiology — Vocabulary
9712, Non-destructive testing — Qualification and certification of NDT personnel

11699-1, Non-destructive testing — Industrial radiographic film — Part 1: Classifica
ems for industrigl radiography

11699-2, Nonzdestructive testing — Industrial radiographic films — Part 2: Control of film
heans of reference values

192321, Non-destructive testing — Image quality of radiographs — Part 1: Determing
ge quality value using wire-type image quality indicators

c materials

repeatable
ory of the

pplies to the joints of plates and pipes in metallic materials. Besides its conventional meaning, “pipe”

drums and

diographs.

ntracting parties apply lower test criteria, it is possible.that the quality achieved will be significantly

Pir content
pplies. For
[s) applies.

ion of film

processing

tion of the

ISO

19454-Z, Non-destructive testing — Image qudlIty of radiograpns — Fdrt <: pvetermin

image quality value using step/hole-type image quality indicators

tion of the

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

ASTM E 747, Standard Practice for Design, Manufacture and Material Grouping Classification of Wire
Image Quality Indicators (1QI) Used for Radiology

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

EN 12679, Non-destructive testing — Radiographic testing — Determination of the size of industrial
radiographic gamma sources
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JIS Z2306, Radiographic image quality indicators for non-destructive testing

3 Term

s and definitions

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

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

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

IEC Ele r‘frnppdin- available at https: //wrararelectropnedia org /

3.1
nominal t}
t
thickness d

3.2

hickness

f the parent material only where manufacturing tolerances do not have to be\Considered

penetratign thickness change

At
change of f

3.3
penetrate
w
thickness
thicknesses

3.4
object-to-1
b

distance b
measured

enetrated thickness (3.3) relative to the nominal thickness (3.1) due‘to beam angle

 thickness

bf material in the direction of the radiation beamcalculated on the basis of the nom
(3.1) of all penetrated walls

ilm distance

btween the radiation side of the radiographed part of the test object and the film surf
hlong the central axis of the radiatiognbeam

Note 1 to enftry: The abbreviated term OFD can also be used.

3.5
source Siz
d

size of the

e

Fadiation source orfacal spot size

Note 1 to enftry: See the EN, 12543 series or EN 12679.

3.6
source-to-
SFD
distance be

film distance

btween the source of radiation and the film, measured in the direction of the beam

inal

hce,

Note 1 to entry: SFD=f+b

where

f
b

is source-to-object distance (3.7);

is object-to-film distance (3.4).
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3.7
source-to-object distance

f

distance between the source of radiation and the source side of the test object, measured along the
central axis of the radiation beam

Note 1 to entry: The abbreviated term SOD can also be used.

3.8
external diameter

arej to be evaluated on the radiograph, which contains the weld and the hegt-affected zone (3.11) on

affected zone (3.11) on both sides and all lead letters, markers'and image quality indicators ([[QIs)

t-affected zone
HAY
areg beside the weld influenced by the heating ané\cooling process of the welding

Note¢ 1 to entry: This is considered to be the two areas beside the weld, each with the same width as the weld cap
but vith at least 10 mm to be considered for evaluation.

4 (Symbols and abbreviated terms

For|the purposes of this document, the symbols and abbreviated terms given in Table 1 appl

o~

Table 1 — Symbols and abbreviated terms

Symbol or abbreviated Definition
term
Aol area of interest
b object-to-film distance
b’ object-to-film distance perpendicular to test object
d source size, focal spot size (see EN 12679 and the EN 12543 series)
D, external diameter
de value of the diagonal extension of the film, used for testing
DWDI double-wall double-image
DWSI double-wall single-image
f source-to-object distance
f source-to-object distance perpendicular to test object
F film
finin minimum source-to-object distance
NOTE The source-to-detector-distance (SDD), as used in digital radiography (see ISO 17636-2), is equivalent to SFD in
film radiography.

©1S0 2022 - All rights reserved 3
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Table 1 (continued)

film radiogr

Symbol or abbreviated Definition
term
HAZ heat-affected zone
IQI image quality indicator
S radiation source
SFD source-to-film distance
t nominal thickness
At penetratiomthickmesschange
w penetrated thickness
WAE weld area to evaluate
B opening angle of source window or collimator to central beam
NOTE Th¢ source-to-detector-distance (SDD), as used in digital radiography (see ISO 17636-2), is-€quivalent to SFP in

hphy.

5 Class
The radiog

testing
— testing
Testing cla

Radiograp
agreed bet

The choice

If, for techy
class B, su
contractin
sensitivity
film systen
B remain y
the better
class B. Th
and 7.1.5 (]

6 Gene

fication of radiographic techniques

raphic techniques are divided into two testing classes:

class A: basic techniques;

class B: improved techniques.

5s B techniques are used when testing class A techniques are insufficiently sensitive.

hic techniques providing higher sensitivityzthan testing class B are possible and may
ween the contracting parties by specification of all appropriate test parameters.

of radiographic technique shall be agireed between the contracting parties.

lical or industrial reasons, it is nat)possible to meet one of the conditions specified for tes
Ch as the type of radiation source or the source-to-object distance, f, it may be agreec
b parties that the conditien~selected can be that specified for testing class A. The los
shall be compensated by,an increase of minimum density to 3,0 or by selection of a be|
h testing class with aminimum optical density of 2,6. The other conditions for testing c
nchanged, especially the image quality achieved (see Tables B.1 to B.12 and 6.9). Becaug
bensitivity than testing class A, the test specimen may be regarded as being tested to tes
s does not apply if the special SFD reductions as described in 7.6 for test arrangements
Figures 5 te<10) are used.

ralpreparations and requirements

be

[ing
| by
s of
tter
[ass
e of
[ing
1.4

6.1 Protection against ionizing radiation

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

NOTE

6.2 Surface preparation and stage of manufacture

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

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

6.3 Location of the weld in the radiograph

Where the radiograph does not show the weld, high-density markers shall be placed on both sides of
the weld outside the WAE.

6.4 Identification of radiographs

Synfibols shall be atfixed to each section of the object being radiographed. The images of thepe symbols
sha|l appear in the radiograph outside the WAE where possible and shall ensure‘junpmbiguous
idemtification of the section. Another identification system may be part of the contractagregment.

6.5 Marking

Permanent markings on the object to be tested shall be made in order to accurately locate the position

of e

Wh
loca

6.6

Wh
ens
sur

6.7

The
[QIs
tot
and
1QIs
ISO

The
the
F sh
clog
cha

Acc

hch radiograph, for example zero-point, direction, identification, measure.

bre the nature of the material and/or its service conditions do notpermit permanent m
tion may be recorded by means of accurate sketches or photogtaphs.

Overlap of films

bn radiographing an area with two or more separate’films, the films shall overlap suf
ire that the complete WAE is radiographed. This-shall be verified by a high-density ma
face of the object which is to appear on each film:

Types and positions of image quality indicators (IQIs)

quality of images shall be verified byithe use of IQIs in accordance with ISO 19232-1 or I
according to ASTM E 747 or JIS\Z2306 may be used, instead, if their material group
he test object or component. Tables for the conversion of wire numbers of ASTM E 747
ISO 19232-1 can be found.insthese documents. By agreement between contracting pa
with the same radiographic attenuation as the test object and the same dimensions as
19232-1 or I1SO 19232-2\niay be used.

Aol on the parentmetal beside the weld. The identification symbols and, when used, the
all not be inthe/ WAE, except when geometric configuration makes it impractical. The IQ
e contact with the surface of the object. Its location shall be made in a section of uniforn
racterizéd by a uniform optical density on the film.

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

arking, the

ficiently to
"ker on the

0 19232-2.
fits better
JIS 72306
‘ties, other
defined in

single wire or step-hole IQIs used shall be placed on the source side of the test object at the centre of

lead letter
shall be in
1 thickness

a)

Whenusing awire 19, the wites shatt bedirected perpendicutar tothe wetdamd-itstocation shall

ensure that atleast 10 mm of the wire length shows in a section of uniform optical density, which is
normally in the parent metal adjacent to the weld. For exposures in accordance with 7.1.6 and 7.1.7

(Figures 11 and 12), the IQI should be placed with the wires across the pipe axis and t
not be projected into the image of the weld. The visible wire length may be shorter than

hey should
10 mm for

external pipe diameters smaller than 50 mm. In this case, the visible wire length shall be = 20 % of

the external pipe diameter.

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

For single-wall exposures in accordance with 7.1.4 and 7.1.5 (Figures 5 to 10), the IQI type used may be
placed either on the source side (use Tables B.1 to B.4) or on the film side. If the IQIs cannot be placed at
the source side, the IQIs are placed on the film side and the image quality shall be determined at least

© IS0 2022 - All rights reserved 5
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once from comparison exposure, with one IQI placed at the source side and one at the film side under
the same conditions.

For double-wall exposures in accordance with 7.1.6 and 7.1.7 (Figures 11 to 12), the IQI type used shall
be placed on the source side (use Tables B.5 to B.8). By agreement between contracting parties, the 1QI
may be placed on the film side (use Tables B.9 to B.12).

For double-wall exposures in accordance with 7.1.8 (Figures 13 to 16), the IQI type used may be placed
on the film side. When the IQI is placed on the film side, refer to Tables B.9 to B.12.

Where the 1QIs are placed on the film side, the letter F shall be placed near the IQI and shall be visible in
the radiogifaphic image and this shall be stated In the test report.

If steps haye been taken to guarantee that radiographs of similar test objects and regions are prodyced
with ident]cal exposure and processing techniques, and no differences in the image quality walue|are

likely, the Inage quality does not need to be verified for every radiograph. The extent of image qudlity
verificatiof should be subject to agreement between the contracting parties.

For exposyres of pipes with the source centrally located, at least three 1QIs should' be placed equfally
spaced at the circumference. The films showing IQI images are then considered representative for|the
whole circimference.

6.8 Evaluation of image quality
The films dhall be viewed in accordance with 7.10.

From the gvaluation of the image of the IQI on the radiograph, the number of the smallest wire or hole
which can pe discerned shall be determined. The image of @Wire is accepted if a continuous length ¢f at
least 10 mm is clearly visible in a section of uniform opti¢al density, typically in the HAZ near the Weld
[see 6.7 a) for pipes with smaller diameters]. In the caséof the step hole type IQ], if there are two hples
of the sam¢ diameter, both shall be discernible in order that the step be considered as visible. See flso
6.7 a), for the exception of DWDI evaluation of small'pipes.

The IQI Valﬁ.‘e obtained shall be indicated in-the test report of the radiographic testing. In each case/the
type of indfcator used shall be clearly stated; as shown on the 1QI.

6.9 Minlmum image quality yalues

The mininpjum image quality-values given in Annex B shall be used. Tables B.1 to B.12 show|the
minimum |QI values for metallic materials. For other materials, these requirements or corresponding
requiremepts may be agreed upon by contracting parties and shall be noted in the report. [The
requiremehts shall be detérmined in accordance with ISO 19232-4.

In cases where Ir 192/or Se 75 sources are used for copper-based alloys, steel or nickel-based alloys| QI
values poofer thah the ones listed in Tables B.1 to B.12 may be accepted exceptionally as follows. This
shall be noted in'the report.

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

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

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

— 10 mm < w < 24 mm: two wire values fewer or two step hole values more for Ir 192;

— 24 mm < w < 30 mm: one wire value fewer or one step hole value more for Ir 192;

6 © IS0 2022 - All rights reserved
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w < 24 mm: one wire value fewer or one step hole value more for Se 75.

For single-wall single-image and double-wall single-image techniques, values shown in Tables B.3, B.4,
B.11 and B.12, testing class B:

10 mm < w < 40 mm: one wire value fewer or one step hole value more for Ir 192;

w < 20 mm: one wire value fewer or one step hole value more for Se 75.

For Se 75 and penetrated thicknesses less than 12 mm, it can be difficult to achieve the IQI values
required for testmg class B. In this partlcular case, the minimum optlcal density shall be increased to
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e IQI values for Se 75 and penetrated thicknesses less than 12 mm cannot be achieved.ag
required IQI values and test conditions shall be agreed by the contracting.'partieg
19232-4.

0 Personnel qualification

onnel performing non-destructive testing in accordance with this)document shall b
adiographic testing in accordance with ISO 9712 or an equivalént internationally or]
ppted certification scheme to an appropriate level in the relevantindustrial sector.

Recommended techniques
Test arrangements

1 General

iographic techniques in accordance with 7.1.2 to 7.1.9 (Figures 1 to 19) shall be used,
s shall be placed as close as possibleto the object.

described,
based on

e certified
nationally

if possible.

elliptical technique (double-wdll and double-image) in accordance with Figure 11 shoyld only be

 for D, < 100 mm, wall thickness ¢ < 8 mm and weld width < D,/4. Two 90° displaced
icient if t/D, < 0,12; otherwise, three elliptical images are needed. The distance betwe
ected weld images shallbe‘about one weld width.

b1 it is not possible-te-carry out an elliptical testing for D, < 100 mm, the perpendiculat

ccordance with Z1L7 (Figure 12) may be used. In this case, three exposures 120° or 60f

lired, depending on the access around the pipe.

test arrangéments in accordance with Figures 13 and 14, the inclination of the beam sh
mall as\possible and be such as to prevent superimposition of the two images. The
ct distance, f’, shall be kept as small as possible for the technique shown in Figures 13
rdance with 7.6. The IQI shall be placed on the film side close to the film with a lead lettq

fmages are
en the two

technique
apart are

all be kept
source-to-
and 14, in
rF.

Radiographic techniques other than those in 7.1.2 to 7.1.9 (Figures 1 to 19) may be agreed by the
contracting parties when it is useful, for example for reasons such as the geometry of the piece or
differences in material thickness. In 7.1.9 (Figures 17 to 19) an example of such a case is presented.
Additionally, thickness compensation with the same material may be applied. Multi-film techniques
shall not be used to reduce exposure times on uniform sections.

If radiation protection is a major concern, a maximum of two films may be exposed during one exposure
by agreement of contracting parties.

In Annex A, the minimum number of radiographs required is given in order to obtain an acceptable
radiographic coverage of the total circumference of a butt weld in pipe.

NOTE Unless otherwise noted, definitions of the symbols used in Figures 1 to 21 and in the annexes can be
found in Clause 4.
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7.1.2 Single-wall penetration of plane objects (see Figure 1)
S

|

SV ooz oo S

F ~

NOTE IIf the distance, b, in Figure 1 is less than 1,2 ¢, then the nominal thickness t can be used for b and ffcan
be considergd as the distance from the source to the parent material surface.

Figure 1 — Arrangement for testing of planar welds with the radiation source onene side and
the film on the opposite side

7.1.3 Single-wall penetration of curved objects with the source outside’the object (see
Figures 2 to 4)

N

NOTE IIf the distance, b, in Figure 2 is less than'1,2 t, then the nominal thickness, ¢, can be used for b and fcan
be considergd as the distance from the source tothe parent material surface.

Figure 2 4~ Arrangement for testing of curved objects with the radiation source outside and the
film inside

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

8 © IS0 2022 - All rights reserved
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FiLure 4 — Arrangement for testing of set-on welds with the radiation source outside and the
film inside

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

Figure 5 — Arrangement for testing of welds'with a centrally located radiation sourcg (central
projection)’and the film outside

. . P . - on the
central pipe axis and perpendicular to the weld centre, and the film outside
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Figure [/ — Arrangement for testing of set-on welds with a radiation source, located onthe
central pipe axis and perpendicular to the weld centre, and the film outside

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

““i{\\\\

Figure 8 - Arrangement for testing of welds with\the radiation source located off-centre ingide
the object and®he film outside

Figure 9 +— Arrangement for testing of set-in welds with the radiation source located off-cenfre
inside the object and the film outside

Figure 10 — Arrangement for testing of set-on welds with the radiation source located off-
centre inside the object and the film outside
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7.1.6 Double-wall penetration and double-image evaluation (DWDI) of pipes with the elliptic
technique and the source and the film outside the object (see Figure 11)

S S

]

ety ] o

NOTE The source-to-object distance can be calculated by the perpendicular distapéey’, calculatgd from b'.

7.1

7 Double-wall penetration and double-image evaluation (DWDI) with the perpen|

technique and source and film outside the object (see Figure12)

Fi

7.1
eval

S S

8 Double-wall penetration and single-image evaluation (DWSI) of curved objects

fuation of the wall'next to the film (see Figures 13 to 16)
S S
N L ) -
S

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

dicular

gure 12 — Arrangementfor testing of both walls of pipes with the perpendicular technique

for

Figure 13 — Arrangement for testing of curved objects with the radiation source outside and

©IS

evaluation of the wall next to the film with the IQI placed close to the film
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Figure|14 — Arrangement for testing of curved objects with the radiation source outside
located flirectly on the surface and evaluation of the wall next to the film with the IQI placad
close to the film

Figure 15— Arrangement for testing of pipes with longitudinal welds with the radiation soufrce
outside and evaluation of the wall next to the filim with the IQI placed close to the film

Figure [16 — Arrangement for testing of set-in welds with the radiation source outside and
evaluation of the wall next to the film with the IQI placed close to the film

12 © IS0 2022 - All rights reserved
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7.1.9 Penetration of objects with different material thicknesses (see Figure 17 to 19)

S S
Y / Y |
CR o 777 7R 7 77
F F
iith
compensating edge compensating edge

Key
1 | compensating edge

Figure 17 — Arrangement for testing of fillet welds with an oblique film positipn

F
% VKL

0N
v
S

Figure 18 — Arrangement for testing of fillet welds with a perpendicular film position

S

ZATY

Figure 19 — Arrangement for testing with a multi-film technique

7.2 Choice of tube voltage and radiation source

7.2.1 X-ray devicesup to1 000 kV

To maintain a good flaw sensitivity, the X-ray tube voltage should be as low as possible. The maximum
values of X-ray tube voltage versus penetrated thickness are given in Figure 20.
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Key
U X-ray tlibe voltage, kV 1  copper and nickel anddits alloys
w  penetrated thickness, mm 2 steel
3 titanium andits’alloys
4 aluminiumand its alloys

NOTE The calculations for the curves in Figure 20 are described in Annex C.

Figure|20 — Maximum X-ray tubewoltage 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 modificafion of technique-with a slightly higher voltage may be used, but it should be noted thaf an
excessively high tube voltage leads to a loss of defect detection sensitivity. For copper, nickel and its
alloys, the[increment_shall be not more than 60 kV. For steel, the increment shall be not more than
50 kV, for fitanium.and its alloys not more than 40 kV and for aluminium and its alloys not more than
30 kV. Thelse increnients should be applied proportionally to the differences between weld and hase
material thickness.

7.2.2 Other radiation sources

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

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

In cases where radiographs are produced using gamma-rays, the total travel time to and from the
source position shall not exceed 10 % of the total exposure time.
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Table 2 — Penetrated thickness ranges for gamma-ray sources and X-ray equipment with tube

potential, U, above 1 MV for steel, copper and nickel-based alloys

Penetrated thickness
Radiation source v
mm
Testing class A Testing class B

Tm 170 w<s5 ws5
Yb 1692 1<sw<15 2sws<12
Se 75P 10sw<40 14 s <40
Ir 192 20=w<100 20=w <90
Co 0 40<w<200 60 < w|< 150
X-ray potentials 1 MV < U <4 MV 30<sw<200 50 <wl|< 180
X-rqiy potentials 4 MV < U< 12 MV w250 w 2[80
X-rqy potentials U> 12 MV w280 w =100
a2 |For aluminium and titanium, the penetrated material thickness is 10 mm s.w_< 70 mm for testing|class A and
25 1pm < w < 55 mm for testing class B.
b [For aluminium and titanium, the penetrated material thickness is 35 mm <@)% 120 mm for testing class A

By
red
6.9

By
red
ach

Itis

10 fnm with Se 75 than required in Tables-3 and 4.

7.3
For
For

Wh
eith

For

Ot
im

hgreement between the contracting parties, the penetrdted thickness for Ir 192 may
iced to 10 mm for testing class A or testing class B, provided the required image quality {

hgreement between the contracting parties, th€\penetrated thickness for Se 75 may
iced for testing class A and testing class B, provided the required image quality as stat

bn using metal sereens, good contact between films and screens is required. This can b

l%zr screen thicknesses may be also agreed between the contracting parties, provided th

s achieved.

eved.

recommended that better film system«glasses are used for testing of penetrated thickng

Film systems and metal screens
radiographic testing, film system classes shall be used in accordance with ISO 11699-1.

different radiation sources, the minimum film system classes are given in Tables 3 and 4

er by using vacuum-packed films or by applying pressure.

differentTadiation sources, Tables 3 and 4 show the recommended screen materials and

equality is achieved.

further be
s stated in

further be
ed in 6.9 is

sses below

e achieved

thickness.

e required
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Table 3 — X-ray potentials, U, film system classes and metal screens for film radiography of

steel, copper and nickel-based alloys

Penetrated material

Film system class?

Type and thickness of metal

. screensP
Radiation source thickness - - - -
Testing Testing Testing Testing
w class A class B class A class B
X-ray potentials none or up to 0,03 mm front and
U<100kV c3 back screens of lead
X-ray potentials fall up to 0,15 mm frontand back
100kV< Uk 150 kV screens of lead
X-ray poteritials ca 0,02 mm to 0,15 mm front and
150kV < Uk 250 kV back screens of lead
none or up to 0,03-mm front ahd
Yb 169 ws<5mm cs C3 back screens oflead
Tm 170 w>5mm C4 0,02 mm to 015 mm front and
back screens of lead
W <50 mm ca 0,02 ninirto 0,2 mm front and
) back screens of lead
X-ray poterftials Cs
250 kV < Uk 500 kV 0,1mm to 0,2 mm front screens
w>50mm C5 of lead 0,02 mm to 0,2 mm badk
screens of lead
X-ray poteritials w<75mm C5 C4 0,25 mm to 0,7 mm front and
500kV < Uk 1000KkV w>75mm cs5 Cs back screens of steel or copper©
Se 75 cs C4 0,02 mm to 0,2 mm front and
back screens of lead
0,02 mm to 0,1 mm to
0,2 mm front 0,2 mm frong
Ir 192 C5 C4 screens of lead |screens of lepd
0,02 mm to 0,2 mm back scredns
of lead
w < 100 mm C4 0,25 mm to 0,7 mm front and
Co 60 C5 |
w> 100'min Cs back screens of steel or coppef©
X-ray poteritials w 100 mm Cs C4 0,25 mm to 0,7 mm front and
1MV<U<hMV WS 100 mm Cs5 back screens of steel or coppef*
w <100 mm C4 Cc4 up to 1 mm front screen of cop-
d
X-ray potenftials 100 mm < w < 300 mm C4 per, steel or tantalum
back screen of copper or steel
AMV<Usflz MV w> 300 mm €5 C5 up to 1 mm and tantalum up tp
0,5 mmd
w<100mm C4 Not o 1 c + £ _
appllcable ulJ LU 1L I ITUIIL SL1I Tl Ul udl La
) lum;€ no back screen
X-ray potentials 100 mm < w <300 mm C4
U>12MV C5 up to 1 mm front screen of tanta-
w> 300 mm C5 lume up to 0,5 mm back screen of

tantalum

¢ Tungsten screens may be used by agreement.

a  Better film system classes may also be used, see ISO 11699-1.

¢ Intestingclass A, 0,5 mm to 2,0 mm screens of lead may also be used.

b Ready-packed films with a front screen up to 0,03 mm may be used if an additional lead screen of 0,1 mm is placed
between the object and the film.

d  Intesting class A, lead screens 0,5 mm to 1 mm may be used by agreement between the contracting parties.

16
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Table 4 — X-ray potentials, U, film system classes and metal screens for aluminium and

titanium
Film system class?
Radiation source Testing Testing Type and thickness of metal screensb
class A class B
X-ray potentials none or up to 0,03 mm front and up to 0,15 mm
U< 150 kV back screens of lead
X-ray potentials 0,02 mm to 0,15 mm front and back screens of
150 kV < U < 250 kV lead
X-rqiy potentials
yp Cs 3 0,1 mm to 0,2 mm front and back-screens of lead

250 kV < U<500kV
Yb 169, Tm 170 0,02 mm to 0,15 mm frontand back s¢reens of

lead
Se t 0,2 mm front and 0;1 ‘mm to 0,2 mm bjack

e?l5
screens of lead

Better film system classes may also be used, see ISO 11699-1.

Instead of one 0,2 mm lead screen, two 0,1 mm lead screens may be used.

7.4

The
tot

dentonstrated that certain imperfections are best revealed by a different alignment of the be

cas
bet

For
pre

7.5

7.5

In ¢
pos
Wit
as 3
she

Alignment of beam

beam of radiation shall be directed to the centre of thedrea being tested and should be per
he object surface (except for arrangements of Figukes 11, 13, 14) at that point, except wh

b, an appropriate alignment of the beam is permitted. Other ways of radiographing may
veen the contracting parties.

better detection of lack of side-wall fusion, the beam direction should be aligned wit]
paration angles.

Reduction of scattered'radiation

1 Metal filters and.collimators

rder to reduce the-effect of scattered radiation, direct radiation shall be collimated 4
Kible to the section under test.

h Se 75, Ir 192 and Co 60 radiation sources or in the case of edge scatter, a sheet of lead n
filter oflow energy scattered radiation between the object and the cassette. The thick}
bt is 0,5-mm to 2 mm in accordance with the penetrated material thickness.

pendicular
bn it can be
am. In this
be agreed

h the weld

s much as

ay be used
ness of this

7.5!

2 — Interception of backscattered radiation

The presence of backscattered radiation shall be checked for each new 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 film or cassette. This shall be outside the image of the weld and HAZ in the Aol. If the image
of this symbol records as a lighter image on the radiograph, it shall be rejected. If the symbol is darker
or invisible the radiograph is acceptable and demonstrates good protection against backscattered
radiation.

If necessary, the film 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 film-screen combination.

©IS
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7.6 Source-to-object distance

The minimum source-to-object distance, f,,;,, depends on the source size or focal spot size, d, and on the
object-to-film distance (measured from source side of object to the film) b or b”. The source size or focal
spot size, d, shall conform to the EN 12543 series or EN 12679.

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

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

The distance for f” shall be chosen so that the ratio of this distance to the source size or focal spot size,

d, i.e. f/d or

For simplif
Figures 11

For testing

f>7,E

d

For testing

Ls1s
d

where d, f ¢

Vo/ 2 R 1 1 1 1 - 1 b m] 1 L\ 1O
J /74, IS TIOUIESS LIAIT LIIE VAIUES gIVEIL Dy FOTINUIdE (1] 411U [ 4 ].

ication, these formulae use only f and b. The formulae apply also for /" and b’ as show
13 and 14.

class A use Formula (1):

p2/3

class B use Formula (2):

p2/3

yind b are expressed in millimetres.

h in

6y

(2)

If the distalnce, b, is less than 1,2¢, then the dimension, b, in"\Formulae (1) and (2) and Figure 21 shalll be

replaced by

For deterni
This nomo

The opening angle 2f of the X-ray tube winndow and the film size (diagonal) limit the applicable §

Therefore,[according to Formula (3), SFD should be:
d
SFD>(,5-—
tan(f)
The typical opening angle of the X-ray tube window for NDT is 28 = 40° (+20°). Formula (3) is simpli
for these tybes to Formulay{4):
SFD>1,4-d;

For testing

’ the nominal thickness, t.

ination of the source-to-object distancef,;, or f i, the nomogram in Figure 21 can be u

bram is based on Formulae (1) and (2).

class'4, if detection of planar imperfections is a requirement, the minimum distance, f,,

ed.

3

FD.

(3)

fied

(4)

|, or
r of

be-the same as for testing class B in order to reduce the geometric unsharpness by a factq

fmin» shall
2.

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

18
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Key
fmin|minimum source-to-object distance, in mm B testingclass B
d |source size, in mm A testing class A
b |object-to-film‘distance, in mm
Higure;21 — Nomogram for the determination of minimum source-to-object distange f_; in
relation to object-to-film distance b and the source size d

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

Formulae (1) and (2) and in Figure 21.

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

Where possible, it is preferable to avoid usage of a double-wall technique (see 7.1.8, Figures 13 to 16) by
placing the radiation source inside the object to be radiographed, to achieve a more suitable direction of
penetration (see 7.1.4 and 7.1.5, Figures 5 to 10). The reduction in minimum source-to-object distance
should not be greater than 20 % provided that IQI requirements are met.
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When the source is located centrally inside the object and film outside (technique shown in 7.1.4,
Figure 5) 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
may be agreed by the contracting parties provided that the IQI requirements are met.

7.7 Maximum area for a single exposure

The number of radiographs for complete testing and evaluation of flat welds (see Figures 1, 15, 17, 18
and 19) and of curved welds with the radiation source arranged off-centre (see Figures 2 to 4, 8 to 10
and 13 to 16) should be specified in accordance with technical requirements.

The ratio df the penetrated thickness at the outer edge of an evaluated area of uniform thickness‘to|the
thickness 4t the centre beam shall not be more than 1,1 for testing class B and 1,2 for testing class A as
the area to|be evaluated per exposure (WAE).

The optical densities resulting from any variation of penetrated thickness should netde lower than
those indidated in 7.8 and not higher than those allowed by the available illuminatoriprovided suitable
masking is|possible. This is the evaluable area.

The size of the weld area to be tested and evaluated includes the weld afid-the HAZs. Each sipgle
exposure shall comprise the WAE and all required IQIs, marks and identification letters in the Aol.

The deternpination of the numbers of radiographs that provide an acceptable testing of a circumfererjtial
butt weld ghall be carried out as described in Annex A.

7.8 Optical density of radiograph

Exposure ¢onditions should be such that the minimum optical density of the radiograph in the arefp to
be evaluatgd is greater than or equal to those given in Table 5 (evaluable area).

NOTE The minimum optical density is typicallyrmeasured in the region of average penetration head
thickness (dentre of weld).

Table 5 — Optical density of the radiographs

Testing class Optical density?
A >2,0b
B >2,3¢

a2 Ameasuring-telerance of 0,1 is permitted.

b The valuémay be reduced to 1,5 by special agreement between the contracting parties.

¢ The valie may be reduced to 2,0 by special agreement between the contracting parties.

High opticpl denSities should preferably be used, where the viewing light is sufficiently bright in
accordance with!7.10. The maximum readable film density depends on the film illuminator (viewing
screen) uspdZand its maximum luminance (see ISO 5580). The maximum readable density shal| be
posted on the film illuminator used.

In order to avoid unduly high fog densities arising from film ageing, development or temperature, the
fog density shall be checked periodically on a non-exposed sample taken from the films being used
and handled and processed under the same conditions as the actual radiograph. The fog density shall
not exceed 0,3. Fog density here is defined as the total density (emulsion and base) of a processed,
unexposed film.

When using a multi-film technique with interpretation of single films, the optical density of each film
shall be in accordance with Table 5.

If double film viewing is requested, the optical density of one single film shall not be lower than 1,3.
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Processing

Films are processed in accordance with the conditions recommended by the film and chemistry
manufacturer to obtain the selected film system class. Particular attention shall be paid to temperature,
developing time and washing time. The film processing shall be controlled regularly in accordance with
ISO 11699-2. The radiographs should be free from defects due to processing or other causes which
would interfere with interpretation.

7.10 Film viewing conditions

The
adj
WA

For
rad
oft

Thd

istable luminance in accordance with 1SO 5580. The viewing screen should be masked
F., depending on the evaluation required.

Test report

each exposure, or set of exposures, a test report shall be made,rgiving informat

he results.

test report shall include at least the following information:
areference to this document, i.e. ISO 17636-1:2022;

name of the testing body;

object;

material;

production stage, e.g. heat treatment, niachining;

type of weld, optional photograph;

material thickness, ¢, and total weld thickness;

welding process;

testing specification; if different or additional to this document;
requirements far-acceptance (e.g. [ISO 10675-1 and ISO 10675-2);

radiographie technique in accordance with 7.1 (Figures 1 to 19) and testing class, re
achieved1QI values in accordance with this document (Annex B);

systém of marking used;

een with an

the Aol or

on on the

ographic technique used and on any other special circumstances, to-allow a better understanding

uired and

film position;

9

©IS

type of radiation source, size of focal spot and identification of equipment used;
film type and system, screens and filters;

tube voltage used and current or source type and activity;

time of exposure and SFD;

processing technique: manual or automatic and development conditions;

type and position (film or source side) of IQIs;

results of evaluation, including data on film density, IQI readings;

02022 - All rights reserved
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u) any deviation from this document, by special agreement;

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

w) any unusual features observed;

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

Number of exposures for acceptable testing of a circumferential

butt weld

The

except those tested using double-wall double-image techniques according to 7.1.6 and 74171

and

When the deviation of the wall thickness, At/t, of the joint to be tested using a single exposu
exceed 20 % (testing class A), Figures A.3 and A.4 are used. This technique is rfecommended,
the [possibility of having transverse cracks is small or the weld is tested for,such imperfectio
non-destructive testing methods.

When At/t is less than or equal to 10 % (testing class B), Figures A.1'and A.2 are used. In th
likely that transverse cracks are also detected.

If the object is tested for single transverse cracks, then the réquired minimum number of r

sha

minimum number of exposures required 1s presented in Figures A.1 to A.4, which are val

12).

1 be higher than the values in Figures A.1 to A.4.

id for pipes
Figures 11

e does not
only when
hs by other

s case, it is

hdiographs
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considering a maximum permissible increase in pentrated thickness of At/t = 10 % (testing
class B) as a function of ratios t/D, and D, /f, due to inclined penetration in the evaluable areas of
sufficient optical density
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Figure A.2 — Minimum number of exposures N for off-centre penetration with source inside
and for double-wall penetration considering a maximum permissible increase in penetrated
thickness At/t = 10 % (testing class B) as a function of ratios ¢/D_ and D_./SFD, due to inclined
penetration in the evaluable areas of sufficient optical density
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sufficient optical density
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Figure A.4 — Minimum number of exposures N for off-centre penetration with source inside

and for double-wall penetration considering a maximum permissible increase in penetrated

thickness At/t = 20 % (testing class A) as a function of ratios ¢/D, and D_./SFD, due to inclined
penetration in the evaluable areas of sufficient optical density
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B.1 General

Minimum image quality values

Annex B
(normative)

The minirr];m 1QI values of Tables B.1 to B.12 shall be achieved or exceeded for acceptance of class A or

class B test

B.2 Sing

ing quality.

Table B.1 — Wire IQI

le-wall technique — IQI on source side

Minimum IQI values for testing class A

Nominal thickness 1QI value?
t
mm

to 1,2 W 18
above 1,2 to 2,0 W17
above 2,0 to 3,5 W16
above 3,5 to 5,0 W15
above 5,0 o 7 W 14
above 7 to 10 W13
above 10 to 15 W12
above 15 to 25 W11
above 25 to 32 W10
above 32 to 40 A
abeve 40 to 55 w8
above 55 to 85 w7
above 85 to 150 W6
above 150 to 250 W5
above 250 w4

a

For exceptions when using gamma ray sources, see 6.9.
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Table B.2 — Step and hole IQI

Minimum IQI values for testing class A

ISO 17636-1:2022(E)

Nominal thickness IQI value?
t
mm

to 2,0 H3
above 2,0 to 3,5 H 4
above 3,5 to 6 HS5
above ¢} to 10 HO6
above 10 to 15 H7
above 15 to 24 H8
above 24 to 30 H9
above 30 to 40 H 10
above 40 to 60 H11
above 60 to 100 H12
above 100 to 150 H13
above 150 to 200 H 14
above 200 to 250 H 15
above 250 to 320 H 16
above 320 to 400 H17
above 400 H 18

For exceptions when using gamma ray sources, see 6.9.

Table B.3 — Wire IQI

Minimunr IQI values for testing class B

Nominal thickness IQI value?
t
mm

to 1,5 w19
above 1,5 to 2,5 W18
above 2,5 to 4 W17
above 4 to 6 W16
above 6 to 8 W 15
above 8 to 12 W 14
above 12 to 20 W13
above 20 to 30 W12
above 30 to 35 W11
above 35 to 45 W10
above 45 to 65 Wo
above 65 to 120 w8
above 120 to 200 w7
above 200 to 350 W6
above 350 W5

a

For exceptions when using gamma ray sources, see 6.9.
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