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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
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Introduction

This International Standard specifies fundamental techniques of radiography, with the object of enabling
satisfactory and repeatable results to be obtained economically. The techniques are based on generally
accepted practice and the fundamental theory of the subject.

Standards relating to specific applications should conform to these basic rules.

© IS0 2013 - All rights reserved v
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INTERNATIONAL STANDARD ISO 5579:2013(E)

Non-destructive testing — Radiographic testing of metallic
materials using film and X- or gamma rays — Basic rules

1 Scope

This International Standard outlines the general rules for industrial X- and gamma-radiography for flaw-

detec

nd materials.

It doe

2 N
The f

ionnpurnases usino filmtechnigues annlicabletatheinsnectionofmetallicnroductsa
SR o 7 s} T L o ) )

s not lay down acceptance criteria of the imperfections.

ormative references

bllowing documents, in whole or in part, are normatively referenced in this docur

indispensable for its application. For dated references, only the edition cited applies.

refersg
ISO 5
ISO 5
IS0 9
ISO1

nces, the latest edition of the referenced document (including ariy amendments) app
h76, Non-destructive testing — Industrial X-ray and gammas<ray radiology — Vocabular
80, Non-destructive testing — Industrial radiographic illuminators — Minimum requin
V12, Non-destructive testing — Qualification and certification of NDT personnel

| 699-1, Non-destructive testing — Industrial radiographic film — Part 1: Classification o

forin

ustrial radiography

ISO 111699-2, Non-destructive testing — Industrial radiographic films — Part 2: Control of fi
by mdans of reference values

ISO 19232-1, Non-destructive testing —Jmage quality of radiographs — Part 1: Determinatio

quali

ISO1
qualit

[SO1

value using wire-type imagé\quality indicators

232-2, Non-destructive testing — Image quality of radiographs — Part 2: Determinatio
y value using step/hole=type image quality indicators

D232-3, Non-destrustive testing — Image quality of radiographs — Part 3: Image qualit

1SO 19232-4, Non-déstructive testing — Image quality of radiographs — Part 4: Experimentall

image

EN 12
for us|

quality yalues and image quality tables

543 (all parts), Non-destructive testing — Characteristics of focal spots in industrial ]
p in non-destructive testing — Part 2: Pinhole camera radiographic method

nent and are
For undated
ies.

y

ements

ffilm systems

m processing

1 of the image

h of the image

v classes

evaluation of

K-ray systems

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

3 Terms and definitions

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

31

nominal thickness

t

nominal thickness of the material in the region under examination

Note 1 to entry: Manufacturing tolerances do not have to be taken into account.
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3.2

penetrated thickness

w

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

3.3

object-to-film distance

b

distance between the radiation side of the radiographed part of the test object and the film surface
measured along the central axis of the radiation beam

3.4
source size
d

size of the radiation source or focal spot size

Note 1 to entr]

3.5
source-to-fi
SFD
distance bet

Note 1 to entr]

3.6
source-to-o

f

distance bet
central axis

4 C(Classif
The radiogra
1) Class A:

2) ClassB:

Class B techr

Better technliques compared with class B are possible and may be agreed between the contr3

parties by sp

The choice o

y: Source size is according to EN 12543 for X-ray tubes or EN 12679 for gammad.ray sources.

lm distance

ween the source of radiation and the film measured in thedirection of the beam

y: SFD is the sum of the source-to-object distance (3.6) and-the object-to-film distance (3.3).

bject distance

ween the source of radiation and the source side of the test object measured aloj
f the radiation beam

cation of radiographic techniques
phic techniques are dividedinto two classes:
basic techniques;

mproved techniques’

iques will be-ised when class A might be insufficiently sensitive.

ecification of all appropriate test parameters.

g the

cting

f radiographic technique shall be agreed between the parties concerned.

If, for technical or industrial reasons, it is not possible to meet one of the conditions specified for class B,
such as the type of radiation source or the source-to-object distance, f; it may be agreed by contracting
parties that the condition selected may be what is specified for class A. The loss of sensitivity shall be
compensated by an increase of minimum density to 3,0 or by selection of a better film system class with
a minimum density of 2,6. The other conditions for class B remain unchanged, especially the image
quality achieved (see 5.7). Because of the better sensitivity compared to class A, the test specimen may
be regarded as being examined to class B.
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5 General

5.1

Personnel qualification

Personnel performing non-destructive testing in accordance with this International Standard shall be
qualified in accordance with ISO 9712 or equivalent to an appropriate level in the relevantindustrial sector.

5.2

Protection against ionizing radiation

WARNING — Exposure of any part of the human body to X-rays or gamma ray can be highly

injurjous to health. Wherever X-ray equipment or radioactive sources are in use,

legal

Local

5.3

In ger
diffic

Unles
after

5.4
Symb

shall 4
ident

5.5

Perm
positi

Whern

locatipon may be recorded by, nteans of accurate sketches or photographs.

5.6

Whern
ensul
mark

requirements must be applied.

or national or international safety precautions when usingionizing radiation shall'be sti

Surface preparation and stage of manufacture

jeral, surface preparation is not necessary, but where surface imperfections or coatir
1ty in detecting defects, the surface shall be ground smooth or the coatings shall be

s otherwise specified, radiography shall be carried out afte€r the final stage of man
brinding or heat treatment.

Identification of radiographs

ippearintheradiograph outside the region of isiterest where possible and shall ensure |
fication of the section.

Marking

hnent markings on the object tobe examined shall be made in order to accurate
on of each radiograph.

e the nature of the material and/or its service conditions do not permit permanent

Overlap of films

radiographing an area with two or more separate films, the films shall overlap s
e that the)complete region of interest is radiographed. This shall be verified by a
br on thesurface of the object which will appear on each film.

appropriate

ictly applied.

gs can cause
removed.

ufacture, e.g.

ols shall be affixed to each section of the object’being radiographed. The images of these symbols

Inambiguous

ly locate the

marking, the

ufficiently to
high-density

5.7

Image qnalify indicator (IQI)

The quality of image shall be verified by use of an IQI in accordance with specific application standards
and ISO 19232-1, IS0 19232-2, 1SO 19232-3, and ISO 19232-4.

6 Recommended techniques for making radiographs

6.1

Test arrangements

Test arrangements shall be determined by the specific application standards.
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6.2 Choice of X-ray tube voltage and radiation source

6.2.1 X-ray equipment

To maintain a good flaw sensitivity, the X-ray tube voltage should be as low as possible. The maximum
values of tube voltage versus thickness are given in Figure 1.

U
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700 Sy«
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40 v /;l v 1 at
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20 us // _ // - L~
LT ,/(2 4/ L1
T ~ L~
I ”/ l//
1
1 ”T
1
5 — 4
3
20
10
1 2 3 45 7 10 20 %30 4050 70 100 200 300 1500 | 1000
400 700
w
Key
1 copper/nickel and alloys
2 steel
3 titaniunj and alloys
4 alumini(]:m and alloys
U X-ray vqltage in kV
w  penetratpd thicknessin mm

Figurg¢ 1 <~ Maximum X-ray voltage U for X-ray devices up to 1 000 kV as a function of
penetrated thickness, w, and material

6.2.2 Other radiation sources

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

By agreement between the contracting parties, the penetrated thickness minimum value may be reduced
— to 10 mm for Ir 192, and

— to 5 mm for Se 75.

On thin steel specimens, gamma rays from Se 75, Ir 192, and Co 60 will not produce radiographs having

as good a defect detection sensitivity as X-rays used with appropriate technique parameters. However,

4 © IS0 2013 - All rights reserved
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because of the advantages of gamma ray sources in handling and accessibility, Table 1 gives a range of
thicknesses for which each ofthese gammaray sources may be used when the use of X-raysis notpracticable.

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

In cases where radiographs are produced using gamma rays, the total travel time to position and rewind
the source shall not exceed 10 % of the total exposure time.

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

Penetrated thickness
w
Radiation source in mm

Class A Class|B
Tm 170 w<5 w<b
Yb 1692 1<w<15 2<swg12
Se 75p 10=w=<40 14<wg$40
Ir 197 20=w<100 20w 90
Co 60 40<w<200 60 <w<g150
X-raylequipment with energy from 1 MeV 30 < w200 50 <wd 180
to 4 MeV
X-raylequipment with energy from 4 MeV
to 12 [MeV w250 w=§0
X-raylequipment with energy above
12 Mdv w280 w =100
a  F¢r aluminium and titanium, the penetrated\thaterial thickness is 10 mm < w < 70 mm for class A anfl 25 mm < w <
55 mnp for class B.
b F¢r aluminium and titanium, the penetrated material thickness is 35 mm < w < 120 mm for class A. Th¢se sources are
not repommended for class B testing.

6.3 [Film systems and screens
For radiographic examination, film system classes (C1 - C5) shall be used according to [SO|11699-1.

For different radiation sources, the minimum film system classes are given in Table 2 and Table 3.

Wher] using nietal screens, good contact between film and screens is required. This may be achieved
eithef by usifig vacuum-packed films or by applying pressure.

For differentradiation sources, Table 2 and Table 3 show therecommended screen materials antii thicknesses.

Other screen thicknesses may also be agreed between the contracting parties provided the required
image quality is achieved.

© IS0 2013 - All rights reserved 5
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Table 2 — Film system classes and metal screens for the radiography of steel-, copper-, and
nickel-based alloys

Penetrated thickness

Film system class2

Type and thickness of metal

Radiation source w screens
Class A Class B Class A Class B
X-ray potentials None or up to 0,03 mm front and back
<100 kV 3 screens of lead
X-ray potentials Cs Up to 0,15 mm front and back screens
> 100 kV to 150 kV of lead
X-ray potentififs 4 0,02 to O, 15 M front and pagk
> 150 kV to 250 kV screens of lead
w<5mm c3 None or up to 0,03 mm frentdnd back
Yb 169 cs screens of lead
Tm 170 w5 mm c4 0,02 mm to 0,15 mmAront and bagk
- screens of lead
W <50 mm ca 0,02 mm to 0f2-41m front and back
- screens of lead
i(;?(’) Il){(\);igtsl ;l()SkV C5 0,1 mmto 0,2 mm front screen offleadb
w>50 mm C5 0,02 mym to 0,2 mm back screen of
leadb
X-ray potentigls w<75mm C5 C4 0,25 mm to 0,7 mm front and back
>500kVto1900kV |, > 75 mm C5 G5 screens of steel or copper¢
0,02 mm to 0,2 mm front and back
Se 75 C5 C4 screens of lead
0,02 mm to 0,2 mm 0,1 mm to 0,2 mm
front screen|of
front screen of lead
Ir 192 c5 c4 leadb
0,02 mm to 0,2 mm back screens pf
lead
Co 60 w <100 mm s C4 0,25 mm to 0,7 mm front and back
w> 100 mm cs5 screens of steel or copper¢
fe(;l?ry e%;l:)?nmfrl\l/}ev\v,lg w = 100 g Cs5 €3 0,25 mm to 0,7 mm front and back
4 Me%/y w> 100 mm C5 screens of steel or copperc
) _ IWXT00 mm C4 C4 Up to 1 mm front screen of coppef,
X-ray equipment with steel or tantalumd
energy from 4 MeVito 100 mm < w <300 mm C4
C5 Back screen of copper or steel, up|to
12 MeV 5
w>300 mm C 1 mm and tantalum up to 0,5 mmf
w <100 mm C4 not alﬁgllca- Up to 1 mm front screen of tantalume
X-ray equipment
with energy above | 100 mm <w s 300 mm c4  |Nobackscreen
12 MeV C5 Up to 1 mm front screen of tantalume
w > 300 mm C5

Up to 0,5 mm back screen of tantalume

a  Better film system classes may also be used.

e Tungsten screens may be used by agreement.

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

b Ready-packed films with a front screen of 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 Inclass A, lead screens 0,5 mm to 1,0 mm may be used by agreement between the contracting parties.
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Table 3 — Film system classes and metal screens for aluminium and titanium

Lo Film system classa
Radiation source

Type and thickness of intensifying

Class A Class B screens
. None or up to 0,03 mm front and up to

X-ray potentials < 150 kV 0,15 mm back screens of lead
X-ray potentials > 150 kV to 250 kV 0,02 mm to 0,15 mm front and back

screens of lead
X-ray potentials > 250 kV to 500 kV cs 3 0,1 mm to 0,2 mm front and back

screens of lead
Yb 160 0,02 mm to 0,15 mm front and back

screens of lead

0,2 mm frontb and 0,1‘mun to 0,2 mm
Se 75

back screens of lead
a  Better film system classes may also be used (see ISO 11699-1).
b Instead of one 0,2 mm lead screen, two 0,1 mm lead screens may be used.
6.4 [Alignment of beam
The heam of radiation shall be directed to the centre of the\area being inspected and should be
perpdndicular to the object surface at that point except when it can be demonstrated|that certain
imperfections are best revealed by a different alignment.of the beam. In this case, an| appropriate

alignient of the beam can be permitted.

Other
6.5

6.5.1

In orc
possi

With
filter
is 0,5

6.5.2

If nec
least

ways of radiographing may be agreed between the contracting parties.
Reduction of scattered radiation

Filters and collimators

er to reduce the effect of back-scattered radiation, direct radiation shall be collimatd
ble to the section under examination.

Se 75, Ir 192, and Co 60,radiation sources or in case of edge scatter, a sheet of lead caj
pf low-energy scattered radiation between the object and the cassette. The thicknesg
mm to 2 mm in aecordance with the penetrated thickness.

Interception of back-scattered radiation

pssary, the film shall be shielded from back-scattered radiation by an adequate thickn
| min,‘or of tin at least 1,5 mm, placed behind the film-screen combination.

The p

d as much as

beused asa
of this sheet

ess of lead at

TESENCe oI bacK-Scattered radiation shall b€ CneécKed 10T each New test arrangement by a lead

letter “B” (with a minimum height of 10 mm and a minimum thickness of 1,5 mm) placed immediately
behind each cassette. If the image of this symbol records as a lighter image on the radiograph, it shall
be rejected. If the symbol is darker or invisible, the radiograph is acceptable and demonstrates good
protection against scattered radiation.

6.6

Source-to-object distance

The minimum source-to-object distance, fmin, depends on the source size or focal spot size, d, and on the
object-to-film distance, b.

The source size or focal spot size, d, shall be in accordance with EN 12543 or EN 12679. When the source

size o

r focal spot size is defined by two dimensions, the larger value shall be used.
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The distance fshall, where practicable, be chosen so that the ratio of this distance to the source size or
focal spot size d, i.e. f/d, is not less than the values given by the following formulae:

For class A:
2/3
127,5(L] 0
d mm
For class B:
2/3
! >15 b ) (2)
d mm }
where b is given in millimetres (mm).
If the distande b is less than 1,2 ¢, then the dimension b in Formula (1), Formula (2), and Figure 2 shall be
replaced by the nominal thickness t.
For the detefmination of the source-to-object distance fyin, the nomogram in.Eigire 2 may be uged by
drawing a line from axis b to axis d and reading the resulting fmin value from the central scale, depending
on the testing class.
This nomogrpm is based on Formula (1) and Formula (2).
If class A is Used primarily for detection of planar imperfectionsithen the minimum distance fij shall
be the same gs for class B in order to reduce the geometric unsharpness by a factor of 2.
In critical tefhnical applications of crack-sensitive materials, more sensitive radiographic techrjiques

than class B $hall be used.
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