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Non-destructive testing of welds — Magnetic particle testing

1 Scope

This

ferromagnetic materials, including the heat affected zones, by means of magnetic particle

techr

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

This

acceptance levels for indications may be found in EN 1291 or in product or application standards.

2 Normative references

The

refergnces, only the edition cited applies. For undatedcreferences, the latest edition of th

docu
ISO
ISO ¢
ISO ¢

ISO

3

For tihe purposes 6f'this document, the terms and definitions given in ISO 17635 apply.

4

17635, Non-destructive testing.of welds — General rules for fusion welds in metallic material

Terms and definitions

International Standard specifies techniques for detection of surface imperfections

iques are suitable for most welding processes and joint configurations. Variations in‘thé bas

International Standard does not specify acceptance levels of the indications. Further in

following referenced documents are indispensable fer the application of this documen
ment (including any amendments) applies.
059, Non-destructive testing — Penetrant testing and magnetic particle testing — Viewing ¢
D934-2, Non-destructive testing — Magnetic particle testing — Part 2: Detection media

D934-3, Non-destructive testing — Magnetic particle testing — Part 3: Equipment

pafety precautions

in welds in
testing. The
¢ techniques

formation on

t. For dated
b referenced

bnditions

o

International, national and local safety and environmental protection regulations shall be observed at all times.

Special consideration shall be given to toxic, inflammable and/or volatile materials, electrical safety and
unfiltered UV radiation.
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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;

c) extent of coverage;

d) state of nanufacture;

e) testing t¢chniques to be used;
f)  overall gerformance test;

g) any denfagnetization;

h) acceptance level;

i) action ngcessary for unacceptable indications.

5.2 Additional pre-test information

Prior to testing, the following additional information can also be\required:
a) type and designation of the parent and weld materials;

b) welding process;

c) location fand extent of welds to be tested;

d) joint preparation and dimensions;

e) location fand extent of any repairs;

f) post-weld treatment (if any);

g) surface gonditions.

Operators mpy ask™or further information that could be helpful in determining the nature of any indications
detected.

5.3 Personnel qualification
Magnetic particle testing of welds and the evaluation of results for final acceptance shall be performed by

qualified and capable personnel. It is recommended that personnel be qualified in accordance with 1ISO 9712
or an equivalent standard at an appropriate level in the relevant industry sector.

5.4 Surface conditions and preparation

Areas to be tested shall be free from scale, oil, grease, weld spatter, machining marks, dirt, heavy and loose
paint and any other foreign matter that can affect the sensitivity of the test method.

2 © ISO 2003 — Al rights reserved


https://standardsiso.com/api/?name=dfbb4e09d213c366f1367760d4fefa37

ISO 17638:2003(E)

It may be necessary to improve the surface condition, e.g., by use of abrasive paper or local grinding to permit
accurate interpretation of indications.

Any cleaning or surface preparation shall not be detrimental to the material, the surface finish or the magnetic
testing media.

5.5

Magnetizing

5.5.1 Magnetizing equipment

Unleg

mag
a)
b)
c)
The

The

Whefe prods are used, precautions shall be taken to minimize overheating, burning or arcing g

tips.

suitable method to ensure the integrity of the surface.

5.5.2| Verification of magnetization
A tangential magnetic field strength of 2 kA/m to'6 kA/m (r.m.s.) is recommended.

Verification of the magnetic field strength shall be carried out using one of the following methods:

a)

b)

c)

d)

NOT

netizing equipment shall be used:

¢lectromagnetic yokes;

¢urrent flow equipment with prods;

adjacent or threading conductors or coil techniques.

Use of direct current-magnetization or permanent magnets shall be specified prior to testing.

magnetizing equipment shall conform to ISO 9934-3.

Removal of arc burns shall be carried out where necessary. The affected area shall be

a@ component containing fine,-natural or artificial imperfections in the least favourable location
measurement of the tapgential field strength as close as possible to the surface using a Hall
The appropriate tangential field strength can be difficult to measure close to abrupt changes
of a component, orwhere flux leaves the surface of a component;

¢alculation of«the approximate current value in order to achieve the recommended ta
strength; the\Calculation can be based on the current values specified in Figures 5 and 6;

other methods based on established principles.

s otherwise specified, e.g., in an application standard, the following types of alterndting current-

t the contact
tested by a

S

effect probe.
in the shape

ngential field

Flux indir\afnrc’ planod mn-—contact with the surface haing faefnrl, can prn\/irln a gnirln to the

direction of the tangential field, but should not be used to verify that the field strength is acceptable.

© 1SO 2003 — Al rights reserved
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5.6 Application techniques

5.6.1 Field directions and testing area

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

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

\ s /

~
anin
= 300
2
2
i
.~ 4
1
a is the gngle between the magnetic field and the direction of the imperfection.
Qin 18 the minimum angle for imperfection detection,
o is an example of imperfection orientation.
Key

1 magnetic field direction
2 optimum gensitivity

3 reducing gensitivity

4 insufficient sensitivity

Figure 1 — Directions of detectable imperfections

To ensure detection of imperfections in all orientations, the welds shall be magnetized in two dire

tions

approximately perpendicular 1o each other with a maximum deviafion of 30°. This can be achieved using one

or more magnetization methods.

Testing in only one field direction is not recommended but may be carried out if specified, e.g., in an

application standard.

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

Care shall be taken to ensure adequate overlap of the testing areas as shown in Figures 2 and 3.

4 © ISO 2003 — Al rights reserved
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Dimensions in millimetres

d is the yoke/prod separation

Figure 2~ Examples of effective testing area (shaded) for magnetizing with yokes an

| prods
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Figure 3 — Overlap of effective areas

al magnetic testing techniques

ticle testing techniques for common*weld joint configurations are shown in Figures 4, 5 3
ven for guidance purposes only: Where possible the same directions of magnetization, and
uld be used for other weld geometries to be tested. The width of the flux current path i
hall be greater or equal te‘the width of the weld and the heat affected zone + 50 mm and
eld and the heat affected zone shall be included in the effective area. The directi
h with respect to the-erientation of the weld shall be specified.

nd 6.
field
n the
in all
bn  of

© ISO 2003 — Al rights reserved


https://standardsiso.com/api/?name=dfbb4e09d213c366f1367760d4fefa37

ISO 17638:2003(E)

Dimensions in millimetres
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1 longitudinal cracks
2 transverse cracks

Figure 4 — Typical magnetizing techniques for yokes
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Dimensions in millimetres
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Figure 5 — Typical magnetizing techniques for prods, using a magnetizing current

> 5 A/mm (r.m.s.) prod spacing

© ISO 2003 — Al rights reserved


https://standardsiso.com/api/?name=dfbb4e09d213c366f1367760d4fefa37

ISO 17638:2003(E)

Dimensions in millimetres
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if the current (r.m.s)
i the distance between weld and coil or cable

~

N

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 or liquid form in accordance with ISO 9934-2.

5.7.2 Verification of detection media performance

Verification of the detection media shall be carried out periodically to confirm continuing satisfactory

performance.

© 1SO 2003 — Al rights reserved
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The verification shall be carried out on components having known or artificial surface imperfections, or on pre-

magnetized r

eference pieces.

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:

a)
b)

c) replica(s

real imperfections;

photograph(s);

).

5.8 Viewi

The viewing

5.9 Applis

hg conditions

bonditions shall be in accordance with ISO 3059.

cation of detection media

After the obj

dusting immediately prior to and during the magnetization. Following this, time shall be allowed for indica

to form befo

ct has been prepared for testing, the detection medium shall be applied by spraying, flood

removal of the magnetic field.

ng or
tions

When magngtic suspensions are used, the magnetic field shall be maintained within the object until the

majority of
indications b

Depending (
normally ren

part. However, the presence of residual magnetism shall not be presumed and post evaluation techn

after remova
overall perfo

5.10 Oversd

When specif
on site. The
parameters
detection meg

The most rel
size and size
flux shunting

e suspension carrier liquid has drained away from*the test surface. This will preven
bing washed away.

n the material being tested, its surface condition and magnetic permeability, indication
ain on the surface even after removal of the magnetic field due to residual magnetism with

of the prime magnetic field source are only permitted when a component has been proven
mance test to retain magnetic indications.

Il performance test

ed, an overall performance test of the system sensitivity for each procedure shall be carrig
performance test shall be designed to ensure a proper functioning of the entire chg
ncluding the equipment, the magnetic field strength and direction, surface character
dia and illumination’

able test is t0-use representative test pieces containing real imperfections of known type, lod
-distribution. Where these are not available, fabricated test pieces with artificial imperfectio
indicators of the cross or shim-type may be used.

any

5

5 will
n the
ques
by an

d out
in of
stics,

ation,
s, or

es-shall be demagnetized and free from indications resulting from previous tests

The test pie

NOTE

procedure on site.

5.11 False

indications

It may be necessary to perform an overall performance test of the system sensitivity for each specific

False indications which may mask relevant indications can arise for many reasons, such as undercut and
changes in magnetic permeability in, e.g., the heat affected zone. Where masking is suspected the test

surface shall

10

be dressed or alternative test methods should be used.
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5.12 Recording of indications

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

a)
b)
c)
d)
e)
f)

9)
h)
i)

)

description in writing;
sketches;
photography;

transparent adhesive tape;

tl'ansparent varnish for “freezing” the indication on the surface tested;
peelable contrast-aids;

ideo recording;

@poxy or chemical magnetic particle mixtures;

magnetic tapes;

¢lectronic scanning.

5.13| Demagnetization

After|testing welds with alternating current, residual magnetization will normally be low and there
be ng need for demagnetization of the object under test:

If demagnetization is required, it shall be carried-out using a defined method and to a predefined |

5.14| Test report

A test report shall be prepared.

The rfeport should contain at Ieastthe following:

a)
b)
c)
d)
e)

f)

mame of the company-garrying out the test;
the object tested;

date of testing;

arehtand weld materials;

will generally

cvel. )

any post weld heat freatment;
type of joint;

material thickness;

welding process(es);

temperature of the test object, if outside the ambient temperature range;

For metal cutting processes a typical residual field strength value of H < 0,4 kA/m is recommended.

© 1SO 2003 — Al rights reserved
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)
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identity of the test procedure and description of the parameters used, including:
— type of magnetization;

— type of current;

— detection media;

— viewing conditions;

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

acceptance levels;
description and location of all recordable indications;
test resuylts with reference to acceptance levels;

names, felevant qualification and signatures of personnel who carried out the test.

© ISO 2003 — Al rights reserved


https://standardsiso.com/api/?name=dfbb4e09d213c366f1367760d4fefa37

