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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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INTERNATIONAL STANDARD

ISO 17638:2016(E)

Non-destructive testing of welds — Magnetic particle testing

1 Scope

This document specifies techniques for detection of surface imperfections in welds in ferromagnetic
materials, including the heat affected zones, by means of magnetic particle testing. The techniques are
suitable for most welding processes and joint configurations. Variations in the basic techniques that

will provide a higher or lower test sensitivity are described in Annex A.

This|document does not specify acceptance levels of the indications. Further information o
levelf for indications may be found in ISO 23278 or in product or application standards.
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ormative references

following documents are referred to in the text in such a way thiat some or all of t
Fitutes requirements of this document. For dated references, eonly the edition cited
ted references, the latest edition of the referenced document/(including any amendme

059, Non-destructive testing — Penetrant testing and magnetic particle testing — Viewir
934-1:2015, Non-destructive testing — Magnetic particle testing — Part 1: General prin
934-2, Non-destructive testing — Magnetic particle testing — Part 2: Detection media

934-3, Non-destructive testing — Magneticp@rticle testing — Part 3: Equipment

Terms and definitions

he purposes of this document, the’terms and definitions given in ISO 12707 and 1SO 17
nd IEC maintain terminological databases for use in standardization at the following z

EC Electropedia: available at http://www.electropedia.org/

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

bafety precautions

Spec

al consideration shall be given to toxic, inflammable and/or volatile materials, elec

| acceptance

heir content
applies. For
hts) applies.

g conditions

Ciples

635 apply.

ddresses:

trical safety

and \imfiltered UV radiation.

Magnetic particle testing often creates high magnetic fields close to the object under test and the
magnetising equipment. [tems sensitive to these fields should be excluded from such areas.

5 General

5.1

Information required prior to testing

Prior to testing, the following items shall be specified (where applicable):

a) specific test procedure;

b) certification requirements for NDT personnel;
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c) extent of coverage;

d) state of

manufacture;

e) testing techniques to be used;

f) overall performance test;

g) any demagnetization;

h) acceptance level;

i) actionr

5.2 Addit

Prior to tesf
a) typean
b) welding
c) location
d) jointpr
e) locatiorn
f) post-we
g) surface

Operators 1
indications

5.3 Persd

Magnetic p4
by qualified|
[SO 9712 or

£, 1.1 - - -
CLES5dl )y 1U1 uuau.cptauu—: lllulLdtlUllb.

ional pre-test information
ing, the following additional information can also be required:
 designation of the parent and weld materials;

process;

and extent of welds to be tested;
pparation and dimensions;

and extent of any repairs;

Id treatment (if any);

conditions.

letected.

nnel qualification

5.4 Surface conditionsand preparation

Areas to be
necessary t
accurate int

Any cleanin

hay ask for further information that.could be helpful in determining the nature of any

rticle testing of welds and the evaluation of results for final acceptance shall be performed
and capable personnelilt is recommended that personnel be qualified in accordance|with
an equivalent standdrd at an appropriate level in the relevant industry sector.

tested shall be dry unless appropriate products for wet surfaces are used. It mgy be
b improve/the surface condition, e.g. by use of abrasive paper or local grinding to p¢rmit
erprétation of indications.

ish aor the

magnetic testing medla Detectlon medla shall be used w1th1n the temperature range llmltatlons set by
the manufacturer.

5.5 Magnetizing

5.5.1 Magnetizing equipment

General magnetization requirements shall be in accordance with ISO 9934-1:2015, Clause 8.

Unless otherwise specified, for example, in an application standard, the following types of alternating
current-magnetizing equipment shall be used:

a) electromagnetic yokes;

© ISO 2016 - All rights reserved
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b) current flow equipment with prods;

c) adjacent or threading conductors or coil techniques.

DC electromagnets and permanent magnets may only be used by agreement at the time of enquiry
and order.

The magnetizing equipment shall conform to ISO 9934-3.

Where prods are used, precautions shall be taken to minimize overheating, burning or arcing at the
contact tips. Removal of arc burns shall be carried out where necessary. The affected area shall be
tested by a suitable method to ensure the integrity of the surface.

5.5.2
For t
For s

The :

Verification of magnetization

he verification of magnetization, see ISO 9934-1:2015, 8.2.

a)

b)

c)

q

d) by the use of other methods based on established principles.

Flux

magnitude and direction of the tangential field strength, but should not be used to ver

tang

NOTH

5.6

5.6.1

The detectability of an imperfection depends on the angle of its major axis with respect to t

of th

gtrength; the calculation can be based on the-¢urrent values specified in Figure 5 and H

y testing a representative component containing fine natural-or artificial discontin
ast favourable locations;

easurement of the tangential field strength as close as*possible to the surface using

tructural steels in welds, a tangential field between 2 kA/m to 6 kA/m (f.m's.) is recommended.

hdequacy of the surface flux density shall be established by one or mere of the followirlg methods:

lities in the

a Hall effect

robe; the appropriate tangential field strength can be-difficult to measure close to abrjupt changes

the shape of a component or where flux leaves the surface of a component;

alculation of the approximate current value in order to achieve the recommended tan

gential field
igure 6;

indicators (i.e. shim-type) placed.ifyv'contact with the surface under test provide a

ential field strength is acceptable.

Information on b) is given in ISO 9934-3.
Application techniques

Field directions and testing area

e magiietic field. This is explained for one direction of magnetization in Figure 1.

buide to the
ify that the

he direction
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o %(b%

~,

v

<<O
QO

Key \
1 magnetig field direction « angle between the magnetic field@ the direction of the imperfection
2 optimunj sensitivity amin Minimum angle for imperfecti etection
3 reducing sensitivity ai example of imperfection c@e ation
4  insuffici¢nt sensitivity ‘\®
3
xO

Figure 1 — Direct@(gbf detectable imperfections

approximatg¢ly perpendicular to e ther with a maximum deviation of 30°. This can be achieved

To ensure d¢tection of imperfections i }&‘orientations, the welds shall be magnetized in two direcfions
using one o1l more magnetizatior@ag(‘%ds.

Testing in only one field direieo’&%?\ is not recommended but may be carried out if specified, for example,
in an application standardo

When using yokes or %s, there will be an area of the component in the vicinity of each pole piece
or tip that will be i ssible to test due to excessive magnetic field strength. This is usually seen as

furring of de‘t%?

Care shall bg gﬂ(en to ensure adequate overlap of the testing areas as shown in Figure 2 and Figurg 3.
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Dimensions in millimetres

d deparation between thejpoles (yoke/prod )

Figure 2 — Examples of effective testing area (shaded) for magnetizing with yokes and prods
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/

1 2
Key
1 effective|area
2 overlap
Figure 3 — Overlap of effective areas
5.6.2 Typlical magnetic testing techniques

Magnetic pd
Figure 5 and

irticle testing techniques for common weld joint configurations are shown in Figuy
Figure 6. Values are given for guidance purposes only. Where possible, the same direc

of magnetiz
of the flux

flow technig
heat affecte
the effectivg
specified.

ation and field overlaps should be used for other weld geometries to be tested. The
Current (in case of flux cuyrent technique) or of the magnetic flow (in case of mag
jue) path in the materidl, d, shall be greater than or equal to the width of the weld an
d zone +50 mm and(in all cases, the weld and the heat affected zone shall be includ
 area. The direction/of magnetization with respect to the orientation of the weld shd

S

=]

tions
yidth
netic
d the
ed in
11l be
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Dimensions in millimetres

1
é\l
2
{\‘
)
d>75 d1=275
b<_d/2 by <dq/2
3:909 by <dy-50
- d» =75
Y 1 P
2
A 2'75 Alz'ﬂ:
d» =75 dy>75
by <dy/2 by <dy/2
by <dz - 50 by <dy - 50

Key
1 longitudinal cracks
2 transverse cracks

Figure 4 — Typical magnetizing techniques for yokes
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Dimensions in millimetres

) Ry

W A-A

N,
/\A
d=75
b<d/2 A2\
i b4d)2

Figure 5 —

de7bs d=75
b=d/2 b<d/2

Typical magnetizing techniques for prods, using a magnetizing current prod spa
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Dimensions in millimetres

®0

number of turns

durrent (r.m.s)

20<a<50
N-1=>8D

20<a<50
N-1=8D

distance between weld and coil or cable

—t

20<a <50
N-[> 8D

Figure 6'=Typical magnetizing techniques for flexible cables or coils (for longitudinal cracks)

5.7 Detection media

5.7.1 General

Detection media may be either in dry powder form or magnetic inks in accordance with ISO 9934-2.

5.7.2 Verification of detection media performance

The detection media used shall fulfil the requirements of ISO 9934-2.

© ISO 2016 - All rights reserved
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Indications obtained with the medium to be verified shall be compared against those obtained from a
medium having a known and acceptable performance. For this purpose, the reference indications may be

— real imperfections,

— photogr

aph(s), and

— replica(s).

5.8 Viewing conditions

The viewing

5.9 Appli

After the object has been prepared for testing, the detection medium shall be applied-by spra

flooding or
allowed for

When magn|
majority of
indications

Depending
will normal
within the p

not be presfimed and post evaluation techniques after remoyal of the prime magnetic field sourc

only permit
indications.

5.10 Overall performance test

When specif
out on site. ]
parameters
detection m

The most re
location, siz
imperfectio

The test pie

NOTE It
procedure or

coOmTrCTTIroTr Ut ot ot t ottty e o oo oY

cation of detection media

dusting immediately prior to and during the magnetization. Following/this, time shj
ndications to form before removal of the magnetic field.

etic suspensions are used, the magnetic field shall be maintained within the object unt

pbeing washed away.

bn the material being tested, its surface condition and magnetic permeability, indica
y remain on the surface even after removal of the maghetic field due to residual magnsg
art (mainly at the location of the poles). However, the-presence of residual magnetism

ted when a component has been proven by anoverall performance test to retain mag|

ied, an overall performance testofthe system sensitivity for each procedure shall be ca
'he performance test shall be designed to ensure a proper functioning of the entire chg
including the equipment, theinagnetic field strength and direction, surface characteri
edia and illumination.

[iable test is to use répresentative test pieces containing real imperfections of known
e and size-distribution. Where these are not available, fabricated test pieces with arti
ns or flux shunting indicators of the cross or disc or shim-type may be used.

Ces shall be;demagnetized and free from indications resulting from previous tests.

can be Tiecessary to perform an overall performance test of the system sensitivity for each spj
site.

ying,
11 be

il the

he suspension carrier liquid has drained away from the test sutface. This will prevenf any

kions

tism
shall
e are
netic

rried
1in of
stics,

Lype,

ficial

lecific

5.11 False

indications

False indications which may mask relevant indications can arise for many reasons, such as changes in
magnetic permeability, very important geometry variation in, for example, the heat affected zone. Where

masking is s

uspected, the test surface shall be dressed or alternative test methods should be used.

5.12 Recording of indications

Indications can be recorded in one or more of the following ways by using:

a) description in writing;

b) sketche

10

S;
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photography;

transparent adhesive tape;

transparent varnish for “freezing” the indication on the surface tested;

peelable contrast coating;

video recording;

magnetic particle dispersion in an epoxy curable resin;

q

5.13

Afte
will §

If dey

For 1

5.14

A tes

The 1

a)
b)
‘)
d)
€)
f)
g)
h)
i)

j)

k)
D)

1

- =
nragnetrctapes
)

tlectronic scanning.

Demagnetization

testing welds with alternating current, residual magnetization will fiermally be lo
penerally be no need for demagnetization of the object under test.

magnetization is required, it shall be carried out using a defined:method and to a pred

hetal cutting processes, a typical residual field strength value of H < 0,4 kA/m is recon|

Test report
t report shall be prepared.

eport should contain at least the following:

mname of the company carrying out the test;

he object tested;

Iate of testing;

q

1

\

1

arent and weld materials;
iny post weld heat treatment;

ype of joint;

material thickness;

velding process(es);

emperature of the test object and the detection media (when using media in

W and there

bfined level.

mended.

circulation)

1

hroughout testing duration;

identity of the test procedure and description of the parameters used, including the following:

— type of magnetization;

— type of current;

— detection media;

— viewing conditions;

details and results of the overall performance test, where applicable;

acceptance levels;

© ISO 2016 - All rights reserved
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m) description and location of all recordable indications;
n) testresults with reference to acceptance levels;

0) names, relevant qualification and signatures of personnel who carried out the test.
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