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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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Non-destructive testing — Magnetic particle testing —

Part 1:
General principles

1 pcope

This| part of ISO 9934 specifies general principles for the magnetic particle testing ©f fer]
mat¢rials. Magnetic particle testing is primarily applicable to the detection ,of 'surfa
discpntinuities, particularly cracks. It can also detect discontinuities just below the sur]
sensjitivity diminishes rapidly with depth.

This| part of ISO 9934 specifies the surface preparation of the part—to~be tested, m4
techphiques, requirements and application of the detection media, and the Tecording and int
of r¢sults. Acceptance criteria are not defined. Additional requirements for the magne

romagnetic
ce-breaking
face but its

gnetization
erpretation
tic particle

testing of particular items are defined in product standards (see the-relevant ISO or EN stamdards).

This|part of ISO 9934 does not apply to the residual magnetization method.

2 Normative references

The [following documents, in whole or in part, are, normatively referenced in this docum
indigpensable for its application. For dated references, only the edition cited applies. H
refefences, the latest edition of the referenced document (including any amendments) appli

ISO 3059, Non-destructive testing — Penetrant testing and magnetic particle testing — Viewin
ISO 9712, Non-destructive testing — Qualification and certification of NDT personnel

ISO $934-2, Non-destructive testing — Magnetic particle testing — Part 2: Detection media
ISO $934-3, Non-destructjve testing — Magnetic particle testing — Part 3: Equipment

ISO 12707, Non-destructive testing — Terminology — Terms used in magnetic particle testing

EN 1330-1, Non-destructive testing — Terminology — Part 1: General terms.

ent and are
or undated
ES.

g conditions

destructive

EN [1330-2,Non-destructive testing — Terminology — Part 2: Terms common to non
testing methods
EN lll'?la30-7, Non-destructive testing — Terminology — Terms used in magnetic particle testing

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 12707, EN 1330-1, EN 1330-2,

and EN 1330-7 apply.

4 Qualification and certification of personnel

It is assumed that magnetic particle testing is performed by qualified and capable personnel. In order
to provide this qualification, it is recommended to certify the personnel in accordance with ISO 9712

or equivalent.
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5 Safety and environmental requirements

Allinternational, European, national, and local regulations which include health, safety and environment
shall be taken into account.

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

6 Testing procedure
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with a written procedure.

standards. The procedure should specify testing parameters in sufficient detail for the
able.

shall be performed in accordance with an approved written procedure or the rele
hdard shall be referenced

e preparation

tested shall be free from dirt, scale, loose rust, weld spatter, grease, oil, and any d
erials that can affect the test sensitivity.

quality requirements are dependent upon the size’ and orientation of the discontinui
. The surface shall be prepared so that relevant indications can be clearly distingui
hdications.

agnetic coatings up to approximately, 50 pm thickness, such as unbroken adherent j
ot normally impair detection sensitivity. Thicker coatings reduce sensitivity. Under t|
the sensitivity shall be verified.

be a sufficient visual contrast between the indications and the test surface. For the
technique, it might be necessary to apply a uniform, thin, temporarily adherent lay

ther
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'y to
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approved c¢ntrast aid paint.

8 Magnetization

8.1 Gendral requirements

netic
field (H) rgquited to achieve this in low alloy and low carbon steels is determined by the relative
permeabilitly‘ef the material. This varies according to the material, the temperatures, and also with the
applied magnetic field and for these reasons it is not possible to provide a definitive requirement for the
applied magnetic field. However, typically a tangential field of approximately 2 kA/m will be required.

The minimﬂlvm magnetic flux density (B) regarded as adequate for testing is 1 T. The applied magi

Where time varying currents (I) are used to produce a magnetic field (which will also be time varying),
itis important to control the crest factor (shape) of the waveform and the method of measurement of the
current in order to establish a repeatable technique. Both peak and RMS measurements are typically
used and measurement of the values can be affected by the response of the instrument. For this reason,
only instruments that respond directly to the waveform shall be used (e.g. True RMS meters with
appropriate crest factor capability for accurate RMS measurements). Instruments that calculate peak
or RMS values based on theoretical calculation derived from other values shall not be used. This shall
also apply to instruments used to measure magnetic fields

Smooth shaped waveforms provide low crest factors and least variation between peak and True RMS
values and are regarded as preferable for magnetic particle testing. Waveforms with a crest factor

2 © IS0 2015 - All rights reserved
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(i.e. Ipk/IrMs) greater than 3 shall not be used without documented evidence of the effectiveness of
the technique.

When using multidirectional techniques, the current used shall be purely sinusoidal or phase
controlled but the phase cutting shall not be more than 90°. Practical demonstration that the technique
is effective in all directions shall be carried out (e.g. using sample parts with known defects or shim
type indicators).

Provided the permeability is in the normal range and the current measurement methods are controlled
as described, calculations based on the use of 2 kA/m can provide a valuable method of technique
preparatlon The use of elther peak current or True RMS current is acceptable if the crest factor is
kno mal, but Rnowing the

cres
peal,

tfactor isa good practlcal approximation. For pure sinusoidal waveforms, the relatlons
mean, and RMS is shown in Annex A. Techniques based on calculation shall be)ver

implementation.

NOT

maghetization is too high, spurious background indications can appear, which could-mask relevant i

If cr
flux

NOT
direq

Mag
the 5
will
belo
reco

£ 1 For steels, with low relative permeability, a higher tangential field strergth might be

hcks or other linear discontinuities are likely to be aligned in a partieular direction, t
shall be aligned perpendicular to this direction where possible.

£ 2 The flux can be regarded as effective in detecting discontinuities aligned up to 60° from
tion. Full coverage can then be achieved by magnetizing the suiface in two perpendicular direq

urface can also be detected. For time varying waveforms, the depth of magnetization

Hepend on the frequency of the current waveform:Magnetic leakage fields produced by in
v the surface will fall rapidly with distance. Therefore, although magnetic particle te
mmended for the detection of imperfections @ther than on the surface, it can be noted th

ip between
ified before

necessary. If
dications.

ln
e magnetic

the optimum
tions.

hetic particle testing should be regarded as a surface NDT method, however discontinuities close to

skin depth)
perfections
sting is not
ht the use of

smopth DC or rectified waveforms can improve-detection of imperfections just below the surface.

8.2

The
a)

Verification of magnetization

hdequacy of the surface flux density shall be established by one or more of the following methods:

by testing a representati{e) component containing fine natural or artificial discontinyities in the
east favourable locations’;

b) by measuring the taiigential field strength as close as possible to the surface. Informatipn on this is

biven in [SO 9934=3;
9

by calculating the tangential field strength for current flow methods — simple calcyilations are
possibledn)many cases, and they form the basis for current values specified in Annex Aj

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

imdicatrarc o—china tizian aca mtact it o ool i d o bact i da o
ads L L A d L+l i
uxaaeators (C-5- St oy pey; Plubbu H-eohtatctwith—tie—StHfrraceHhaer—tess pProviaca ulde to e

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

8.3 Magnetizing techniques

8.3.1 General

This section describes a range of magnetization techniques. Multi-directional magnetization can be
used to find discontinuities in any direction. In the case of simple-shaped objects, formulae are given
in Annex A for achieving approximate tangential field strengths. Magnetizing equipment shall meet the
requirements of and be used in accordance with ISO 9934-3.

Magnetizing techniques are described in the following clauses.

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=49a83635bde8f0c39980ca226ad91157

ISO 9934-1:2015(E)

More than one technique might be necessary to find discontinuities on all test surfaces and in all
orientations. Demagnetization might be required where the residual field from the first magnetization
cannot be overcome. Techniques other than those listed can be used provided they give adequate
magnetization, in accordance with 8.1.

8.3.2 Current flow techniques

8.3.2.1 Axial current flow

Current flow offers high sensitivity for detection of discontinuities parallel to the direction of the current.

Current paises through the component, which shall be in good electrical contact with the pads. A¢ypical
arrangemeit is shown in Figure 1. The current is assumed to be distributed evenly over the surfacd and
shall be detfived from the peripheral dimensions. An example of approximate formula for.the cuirent
required to|achieve a specified tangential field strength is given in Annex A.

Care shall be taken to avoid damage to the component at the point of electricalCgontacts. Pospible
hazards include excessive heat, burning, and arcing.

8.3.2.2 Prods; Current flow

Current is passed between hand-held or clamped contact prods as shéwn in Figure 2, providinig an
inspection pf a small area of a larger surface. The prods are then¢meved in a prescribed pattern to
cover the r¢quired total area. Examples of testing patterns are showh in Figures 2 and 3. Approxiimate
formulae fof the current required to achieve a specified tangential'field strength are given in Ann

This technique offers the highest sensitivity for discontinuities elongated parallel to the direction of the
current. Particular care shall be taken to avoid surface damage due to burning or contamination of the
component [by the prods. Arcing or excessive heating shall be regarded as a defect requiring a verdict
on acceptability. If further testing is required on such affected areas, it shall be carried out using a
different teghnique.

8.3.2.3 Induced current flow

shown in Figure 4. An example of amrapproximate formula for the induced current required to achi¢ve a

Current is iEduced in a ring shaped component by making it, in effect, the secondary of a transformer, as
specified tajngential field strengthiis given in Annex A.

8.3.3 Magnetic flow techniques

8.3.3.1 Threading-conductor

Current is gassed;through an insulated bar or flexible cable, placed within the bore of a component or
through an ppérture, as shown in Figure 5.

This method offers the highest sensitivity for discontinuities parallel to the direction of current flow.
The example of approximate formula given in Annex A for a central conductor is also applicable in this
case. For a non-central conductor, the tangential field strength shall be verified by measurement.

8.3.3.2 Adjacent conductor(s)

One or more insulated current-carrying cables or bars are laid parallel to the surface of the component,
adjacent to the area to be tested and supported a distance, d, above it, as shown in Figures 6 and 7.

The adjacent conductor technique of magnetization requires the material being tested to be in close
proximity to a current flowing in one direction. The return cable for the electric current shall be
arranged to be as far removed from the testing zone as possible and, in all cases, this distance shall be
greater than 10 d, where 2 d is the width of the tested area

4 © IS0 2015 - All rights reserved
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The cable shall be moved over the component at intervals of less than 2 d to ensure that the inspection
areas overlap. An example of an approximate formula for the current required to achieve a specified

tangential field strength in the test zone is given in Annex A.

8.3.3.3 Fixed installation

The component, or a portion of it, is placed in contact with the poles of an electromagnet, as shown in
Figure 8.

8.3.3.4 Portable electromagnet (Yoke)

The poles of an AC electromagnet (yoke) are placed in contact with the component surface
Figulre 9. The testing area shall not be greater than that defined by a circle inscribed betwz

piec
area

The
elect

8.3.]

The
to th

perp
Whe

For g

es and shall exclude the zone immediately adjacent to the poles. An example of & suit
is shown in Figure 9.

magnetization requirements defined in 8.1 can only be met with)AC electroni
romagnets and permanent magnets may only be used by agreement at the'time of enquir

3.5 Rigid coil

component is placed within a current-carrying coil so thatifis magnetized in the direct
e axis of the coil, as shown in Figure 10. Highest sensitivity is achieved for discontinuitig
endicular to the coil axis.

n using rigid coils of a helical form, the pitch of thehelix shall be less than 25 % of the cc

hort components, where the length to diametenyratio is less than 5, itis recommended th|

hs shown in
ten the pole
hble testing

agnets. DC
ly and order.

ion parallel
s elongated

il diameter.

at magnetic

extepders be used. The current required to achiéve the necessary magnetization is thus reduced.

An ¢xample of an approximate formula is'given in Annex A for the current required tp achieve a
spedified tangential field strength.

8.3.3.6 Flexible coil

A cdjil is formed by winding @ current-carrying cable tightly around the component. The area to be
tested shall lie between the turns of the coil, as shown in Figure 11.

The|Annex A gives approximate formulae for the current required to achieve a specified tangential
field|strength.

9 Petection media

9.1 | Proeperties and selection of media

The characterization of detection media shall be in accordance with ISO 9934-2.

Various types of detection media exist in magnetic particle testing. Usually the detection media is a
suspension of coloured (including black) or fluorescent particles in a carrier fluid. Water-based carriers
shall contain wetting agents and usually a corrosion inhibitor.

Dry powders are also available. They are generally less able to reveal fine surface discontinuities.

Fluorescent media usually gives the highest sensitivity provided there is an appropriate surface finish,
good drainage to maximize indication contrast, and well controlled viewing conditions, in accordance
with Clause 10.

© ISO 2015 - All rights reserved
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Coloured media can also offer high sensitivity if the contrast with the part surface is sufficient. Black
and other colours are available.

NOTE

apply a thin layer of contrast aid paint in accordance with Clauses 7 and 10.

9.2 Testi

ng of detection media

To achieve good colour contrast between discontinuities and the test surface it might be necessary to

[SO 9934-2 defines mandatory and recommended tests that are to be carried out before or periodically

during insp

ection.

A sensitivit
ISO 9934-2

If a magnet

9.3 Appl

For the conf
magnetizat
allowed for

Dry powde

During application of a magnetic ink, it shall be allowed to flow ontethe surface with very little pres|

so that the |

After apply

any indicatjons.

10 Viewi
The viewin

There shall
obstructed,
shall be tak

the component has been inspected and indications recorded.

11 OveraII:Il
Before testing begins,an overall performance test shall be carried out to reveal discrepancies in e

the procedy

The most re

y check shall be carried out before and periodically during testing, in accordance
using a suitable reference piece.

cink is re-used or re-circulated, particular care shall be taken to maintain its performd

jcation of detection media

inuous technique, the detecting media shall be applied immediately(pyior to and durin
on. The application shall cease before magnetization is terminated2Sufficient time sha

particles are allowed to form an indication without being washed off.

ng a suspension, the component shall be allowed to drain so as to improve the contra

hg conditions

b conditions shall meet the requirements of ISO 3059.

the component or equipment shall be moved to permit adequate viewing of all areas.
en to ensure that indications are not disturbed after magnetization has stopped and bg

performance test

re or_the'magnetization technique or the detection media.

liable test is to inspect a representative part containing natural or artificial discontinu

, when used, shall be applied in a manner that minimises disturbance of the indicationd.

with

ince.

b the
1l be

indications to develop before moving or examining the component or structure under fest.

sure

st of

be good contrast between ‘thé detection media and the test surface. Where viewing is

Care
fore

ther

ities

of a known
indications

type;, tocation; size, amd size distributionr—fest parts shatt-bedemagmetizedamd-{ree
resulting from previous tests.

rom

In the absence of actual production parts with known discontinuities, fabricated test pieces with
artificial discontinuities, e.g. flux shunting indicators of the cross or shim-type, can be used.

12 Interpretation and recording of indications

Care should be taken to differentiate between true indications and spurious or false indications, such as
scratches, changes of section, boundary between regions of different magnetic properties, or magnetic
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writing. The operator shall carry out any necessary testing and observations to identify and, if possible,
to eliminate the reason for such false indications.

NOTE

Light surface dressing might be of value where permitted.

All indications which cannot be confidently discounted as false shall be classified as linear or rounded,
in accordance with the following definition, and shall be recorded as required by the product standard.

Linear indications are those indications in which the length is more than three times the width.
Rounded indications are indications that are circular or elliptical and where the length is less or equal
to three times the width.
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Demagnetization

n required at the time of enquiry and order, post-test demagnetization shall 'becarrie
opriate technique, in order to reduce the residual field strength to a level which is below
imum permitted value. If viewing for indications is carried out after demagnetization,
be preserved by a suitable method.

e are occasional circumstances when demagnetization is necessary before testing
This is when the initial level of residual magnetizm is such that\adherent swarf, oppo
ious indications could limit the effectiveness of the test.

hetic field remaining after magnetization can be determined by detecting the re
ngth using a residual field meter, a Hall effect instrument or by an agreed physical 1
bass test). Generally, this will require moving the sensitive element all over the part an
maximum level. Care shall be taken when using-Hall effect instruments (designed

ential field strength) because these, usually, are not designed to measure tangential fie

Demagnetization using an alternating-field can be achieved by reducing the field strer
value equal to, or greater than that used\fop magnetization.

L
[
M

mplete demagnetization is often veky difficult to achieve, especially when the test objg
hetized using DC. For components initially magnetized using DC techniques, low fj
rsing DC demagnetization is to be used.

Cleaning
I testing and acceptance, if required, all components shall be cleaned to remove detecti

n
»

In additiony it might be necessary to protect the component against corrosion.

Testreport

d out by an
f the agreed
indications

' is carried
sing flux or

sidual field
nethod (e.g.
H observing
to measure
d strength.

gth from an

ct has been
equency or

ng media.

estreport is required it shall include, as a minimum, the following information:

a)
b)
‘)
d)
e)
f)
g)

name of the company;

work location;

description and identity of the part tested;

stage of test (e.g. before or after heat treatment, before or after final machining);
reference to standards, the written test procedure and the technique sheets used;

description of equipment used;

strengths, waveform, contact or pole spacing, coil dimensions, etc.;
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h) detection media used, and contrast aid paint if used;

i) surface preparation;

j) viewing conditions;

k) maximum residual field strength after test, if appropriate;
1) method of recording or marking of indications;

m) date of test;

n) name, qualification, and signature of the person pertorming the tests.
The test regort shall also contain the test results, including a detailed description of the indicationg and
a statement as to whether they meet the acceptance criteria.
1 2
——
: 3 ( L (
5 6
Key
1  specimen 4  current
flaw 5 contact pad
flux 6  centact head
Figure 1 — Axial current flow
Dimensions in millimetres
Key
1 flaw

Figure 2 — Prods; Current flow
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Figure 3 — Prods; Current flow
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1 flux 5 transformer primary coil
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Figure 4 — Induced current flow
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Figure 6 — Adjacent conductor
Key
1 current
2 nturns
3 flaw dirg¢ction
Figure 7 — Adjacent cable (coiled)
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Epecimen 5 flux

flaw

Figure 8 — Magnetic flow
Dimensions ih millimetres
-
—_—
Key
1 flaw
Figure 9 — Portable electromagnet (yoke)

Key
1 current 3 flux
2 specimen 4 flaws

Figure 10 — Rigid coil
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Figure 11 — Flexible coil
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Example for determination of currents required to achieve specified
tangential field strengths for various magnetization techniques

A.1| General

All fprmulas can be used to give the approximate current required to provide adequate m4
for gimple-shaped components or parts of larger components. When magnetization is gen
timg varying currents, the rms. value is the required quantity. The currentis expresse
of the tangential field strength, H, on the perimeter of the test zone, ascyequired by 8.]
of determination of currents required to achieve specified tangential\field strengths

maghetization techniques are given hereafter.

A.2| Axial current flow (8.3.2.1 and Figure 1)

The

required current, J, is given by Formula (A.1):

]:pr

whele

[ is the current, in amperes;
b is the component perimeter, inJmillimetres;

f{ is the tangential field strength, in kiloamperes per metre.

With items of varying cross section, a single value of current shall be used only when the cu
reqyired to magnetize the largest and smallest sections are in a ratio of less than 1,5:1. W
valup of current is usedthe’largest section shall govern the current value.

A.3| Prods; Current flow (8.3.2.2 and Figures 2 and 3)

To ihspect a vectangular test zone as shown in Figures 2 and 3, the rms. Current, |,
Forrmula (A-2):

gnetization
brated from
bd in terms
|. Examples
for various

(A1)

'rent values
hen a single

is given by

1=25Hxd

(A.2)

where

I isthe intensity of current, in amperes;
d isthe prod spacing, in millimetres;

H is the tangential field strength, in kiloamperes per metre.

This formula applies for d up to 200 mm.
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