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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
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Foreword

The text of EN ISO 9934-1:2001 has been prepared by Technical Committee CEN/TC 138 "Non-destructive
testing”, the secretariat of which is held by AFNOR, in collaboration with Technical Committee ISO/TC 135 "Non-
destructive testing".

ntical text or
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=

Accordind to the CEN/CENELEC Internal Regulations, the national standardsS organizations of the following
countries |are bound to implement this European Standard: Austria, Belgium,)Czech Republic, Denmprk, Finland,
France, Germany, Greece, Iceland, Ireland, Italy, Luxembourg, Netherlands, Norway, Portugal, Spain, Sweden,
Switzerland and the United Kingdom.
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1 Scope

This European standard specifies general principles for the magnetic particle testing of ferromagnetic materials.
Magnetic particle testing is primarily applicable to the detection of surface-breaking discontinuities, particularly
cracks. It can also detect discontinuities just below the surface but its sensitivity diminishes rapidly with depth.

The standard specifies the surface preparation of the part to be tested, magnetization techniques, requirements
and application of the detection media and the recording and interpretation of results. Acceptance criteria are not
defined. Additional requirements for the magnetic particle testing of particular items are defined in product
standards (see the relevant EN Standard).

This standard does not apply to the residual magnetization method.

2 Normative references
This European Standard incorporates by dated or undated reference, provisionsfrom other publications. These
normative| references are cited at the appropriate places in the text and the publications are listed hereafter. For
dated refgrences, subsequent amendments to or revisions of any of these (publications apply to thjs European
Standard jonly when incorporated in it by amendment or revision. For undated*references the latest gdition of the
publicatiof referred to applies (including amendments).

EN 473, Non-destructive testing - Qualification and certification of ND.T personnel - General principles.
EN 1330-1, Non-destructive testing - Terminology - Part 1 : General terms.

EN 1330-2, Non-destructive testing - Terminology - Part 2 .xTerms common to non-destructive testing methods.

EN ISO 3059, Non-destructive testing - Penetrant. teésting and magnetic particle testing - Viewing conditions
(1ISO 3059:2001).

prEN 1S{ 9934-2, Non-destructive testing-,Wagnetic particle testing - Part 2 : Characterisation|of products
(ISO/DIS P934-2:1999).

prEN 1SO[9934-3, Non-destructive testing - Magnetic particle testing - Part 3 : Equipment (ISO/DIS 9934-3:1998).

prEN 1SO(12707, Non-destructive testing - Terminology - Terms used in magnetic particle testing.

3 Terms and defifitions

For the pyrposes-of'this standard, the terms and definitions given in EN 1330-1, EN 1330-2 and prEN 1SO 12707
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 EN 473 or equivalent.

5 Safety and environmental requirements

Magnetic particle testing may require the use of toxic, flammable and/or volatile materials. In such cases, working
areas shall therefore be adequately ventilated and far from sources of heat or flames. Extended or repeated
contact of detecting media and contrast paints with the skin or mucous membranes shall be avoided.

© ISO 2001 — All rights reserved 1
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Testing materials shall be used in accordance with the manufacturer’s instructions. National accident prevention,
electrical safety, handling of dangerous substances and personal and environmental protection regulations shall be
observed at all times.

When using UV-A sources, care shall be taken to ensure that unfiltered radiation from the UV-A source does not
directly reach the eyes of the operator. UV-A filters, whether forming an integral part of the lamp or a separate

component,

NOTE

shall always be maintained in a safe condition.

equipment. Items sensitive to these fields should be excluded from such areas.

Magnetic particle testing often creates high magnetic fields close to the object under test and the magnetizing

6 Testin

When requi
written proc

NOTE T|
standards. THh

7 Surfad

Areas to be
that may aff

J procedure

ed at the time of enquiry and order, magnetic particle testing shall be performed in.accordal
dure.

he procedure may take the form of a brief technique sheet, containing a reference_to-this and other
e procedure should specify testing parameters in sufficient detail for the test to berepeatable.
e preparation

tested shall be free from dirt, scale, loose rust, weld spatter; grease, oil and any other fore
bCt the test sensitivity.

hce with a

Bppropriate

gn matter

The surface| quality requirements are dependent upon the sizerand orientation of the discontinuity to be| detected.
The surface[shall be prepared so that relevant indications canbe’ clearly distinguished from false indications.
Non-ferromggnetic coatings up to approximately 50 um thick, such as unbroken tightly adherent paint layérs, do not
normally impair detection sensitivity. Thicker coatings-reduce sensitivity. Under these conditions, the [sensitivity
shall be verified.

There shall [be a sufficient visual contrast between the indications and the test surface. For the non-fluorescent
technique, ifmay be necessary to apply a tniform, thin, adherent layer of an approved contrast aid paint.

8 Magnetization

8.1 Generdl requirements

The minimu flux density in the component surface shall be 1 T. This flux density is achieved in low allqy and low
carbon steels with highrelative permeability with a tangential field strength of 2 kA/m.

NOTE 1  Fprother steels, with lower permeability, a higher tangential field strength may be necessary. If magnetization is too
high, spuriou< har‘kgrmmd indications may appear. which could mask relevant indications

When magnetization is generated from time-varying currents, the rms. value is the required quantity. If the current
meter on the magnetizing equipment records the mean current, the corresponding rms. value is given in Table 1,
for various common waveforms. The use of pulsed or phase-cut currents requires specific measurements.

If cracks or other linear discontinuities are likely to be aligned in a particular direction, the magnetic flux shall be
aligned perpendicular to this direction where possible.

NOTE 2  The flux may be regarded as effective in detecting discontinuities aligned up to 60° from the optimum direction. Full
coverage may then be achieved by magnetizing the surface in two perpendicular directions.

When there is need to find sub-surface discontinuities, d.c. or rectified waveforms shall be used.

© ISO 2001 — All rights reserved
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Table 1 - Relationship between peak mean and rms values for various sinusoidal waveforms
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8.2 Verffication:of' magnetization

The adeqlijacy of the surface flux density shall be established by one or more of the following methods

a) by testing a component containing fine natural or artificial discontinuities in the least favourable locations ;

b) by measuring the tangential field strength as close as possible to the surface Information on this is given in
prEN ISO 9934-3 ;

c) by calculating the tangential field strength for current flow methods. Simple calculations are possible in many
cases, and they form the basis for current values specified in the informative annex ;

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

NOTE Flux indicators (e.g. shim-type), placed in contact with the surface under test, provide a guide to the magnitude and
direction of the tangential field strength, but should not be used to verify that the tangential field strength is acceptable.

© ISO 2001 — All rights reserved 3
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8.3 Magnetizing techniques

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 the annex for achieving
approximate tangential field strengths. Magnetizing equipment shall meet the requirements of and be used in

accordance with prEN 9934-3.

Magnetizing

NOTE

technigues are described in the following Clauses.

More than one technique may be necessary to find discontinuities on all test surfaces and in all orientations.

Demagnetization may be required where the residual field from the first magnetization cannot be overcome. Techniques other

than those lis
8.3.1 Curr

8311 A

Current flow
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NOTE g
occurs. Lead
Contact areag
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bnt flow techniques

xial current flow
offers high sensitivity for detection of discontinuities parallel to the direction‘ef the current.

ses through the component, which shall be in good electrical centact with the pads.
| is shown in Figure 1. The current is assumed to be distributed eyenly over the surface an
the peripheral dimensions. An example of approximate formula.for the current required to
gential field strength is given in annex A.

P taken to avoid damage to the component at the point of\electrical contacts. Possible hazar|
pat, burning and arcing.

ertain contact materials such as copper or zinc may\cause metallurgical damage to the compone
contact pads may be used, but only in well ventilated conditions, because they may generate harmf
should be as clean and as large as practicable and of a material compatible with the component under]

rods; Current flow

Current is passed between hand-held or clamped contact prods as shown in Figure 2, providing an insp¢

small area @
Examples o
achieve a sf

This techniq

Particular ca
prods, as fo
plated or ga
verdict on a
technique.

f a larger surface. The prods_are ‘then moved in a prescribed pattern to cover the required
testing patterns are shown in“Figure 2 and Figure 3. Approximate formulae for the current r
ecified tangential field strength are given in annex A.

ue offers the highest-sensitivity for discontinuities elongated parallel to the direction of the cur|

re shall be taken’ to avoid surface damage due to burning or contamination of the compon
I 8.3.1.1. The‘warning in this subclause concerning the use of lead prods should also be n

cceptability. If further testing is required on such affected areas, it shall be carried out using

A typical
d shall be
achieve a

ds include

nt if arcing
ul vapours.
test.

pction of a
total area.
equired to

rent.

bnt by the
pted. Zinc

vanised prods shall not be used. Arcing or excessive heating shall be regarded as a defect fequiring a

A different

8.3.1.3

Induced current flow

Current is induced in a ring shaped component by making it, in effect, the secondary of a transformer, as shown in
Figure 4. An example of an approximate formula for the induced current required to achieve a specified tangential
field strength is given in annex A.

8.3.2 Magnetic flow techniques

8.3.2.1

Threading conductor

Current is passed through an insulated bar or flexible cable, placed within the bore of a component or through an

aperture, as

shown in Figure 5.
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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

8.3.2.2

, the tangential field strength shall be verified by measurement.

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 Figure 6 and Figure 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 t
the tested

The cable

overlap. A
strength i

8.3.2.3

The comp

8.3.24

The poles
The testin
exclude th

NOTE
permanent

8.3.2.5

The comp
the coil, a
axis.

When using rigid coils of a helical-form, the pitch of the helix shall be less than 25 % of the coil diametey.

NOTE
beused. T

An examp
field stren

psting zone as possible and, in all cases, this distance shall be greater than 10 d, where 2 d.is
area

shall be moved over the component at intervals of less than 2 d to ensure that\thé insp

n example of an approximate formula for the current required to achieve a spécified tar
the test zone is given in annex A.

Fixed installation

onent, or a portion of it, is placed in contact with the poles of an electtomagnet, as shown in R

Portable electromagnet (Yoke)

of an a.c. electromagnet (yoke) are placed in contact withrthe component surface as shown
g area shall not be greater than that defined by a_circle inscribed between the pole piec
e zone immediately adjacent to the poles. An example of a suitable testing area is shown in H

The magnetization requirements defined in 8.1, can-only be met with a.c. electromagnets. D.c. electr
magnets may only be used by agreement at the.time of enquiry and order.

Rigid coil

onent is placed within a current-carrying coil so that it is magnetized in the direction parallel
5 shown in Figure 10. Highestisensitivity is achieved for discontinuities elongated perpendicul

For short compafients, where the length to diameter ratio is less than 5, it is recommended that magn
he current required’to achieve the necessary magnetization is thus reduced.

Oth.

the width of

bction areas
gential field

igure 8.

in Figure 9.
s and shall
Figure 9.

magnets and

0 the axis of
ar to the coil

btic extenders

le of anapproximate formula is given in annex A for the current required to achieve a specifi¢d tangential

8.3.2.6

Elavibla call
=rexHte-GoH

A coil is formed by winding a 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 Detection media

9.1 Properties and selection of media

The characterisation of detection media shall be in accordance with prEN ISO 9934-2.
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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 maximise indication contrast, and well controlled viewing conditions, in accordance with Clause 10.

Coloured media can also offer high sensitivity. Black and other colours are available.

NOTE Tfmmmmmm pply a thin
layer of contrgst aid paint in accordance with Clauses 7 and 10.

9.2 Testing| of detection media

prEN ISO 9944-2:1999 defines mandatory and recommended tests that are to be carried-out before or periodically
during inspection.

A sensitivity|check shall be carried out before and periodically during testing, in aceordance with prEN I$O 9934-2
using a suitable reference piece.

If a magneti¢ ink is re-used or re-circulated, particular care shall be taken t0 naintain its performance.

9.3 Application of detection media

For the contlnuous method, the detecting media shall be applied\immediately prior to and during the magpetization.
The application shall cease before magnetization is terminated. Sufficient time shall be allowed for ind{cations to
develop befpre moving or examining the component or strueture under test.

Dry powder,|when used, shall be applied in a mannerthat minimises disturbance of the indications.

During applifation of a magnetic ink, it shall be~allowed to flow onto the surface with very little pressure so that the
particles arel allowed to form an indication without being washed off.

After applyipg a suspension, the comiponent shall be allowed to drain so as to improve the contrgst of any
indications.

10 Viewirlg conditions

The viewing|conditions-shall meet the requirements of EN ISO 3059.

The entire sprfacéunder test shall be viewed before proceeding to the next stage in the testing procedure. Where
viewing is opstrueted, the component or equipment shall be moved to permlt adequate viewing of all afeas. Care
shall be take ag 3 3 alal=Ya before the

component has been mspected and |nd|cat|ons recorded

10.1 Coloured media

When using
a)
b)

NOTE

coloured detection media :

there shall be good contrast between the detection media and the test surface ,

Strong reflections from the surface should be avoided.

the area under test shall be evenly illuminated at a level of not less than 500 Ix (lux) daylight or artificial light.
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10.2 Fluorescent media

When using fluorescent detection media, the room or area where the testing is to be made shall be darkened, to a
maximum ambient white light level of 20 Ix. The testing area shall be illuminated with UV-A radiation. The UV-A
radiation shall be measured in accordance with EN ISO 3059 and shall have an intensity at the test surface greater
than 10 W/m? (1000 pW/sz). A higher UV-A radiation allows a proportionally higher ambient white light level to be
accepted, provided it can be shown that contrast between indications and their surroundings is maintained.

Prior to examination, sufficient time shall be allowed for the eyes to become adapted to the reduced ambient

lighting.

The ultra
guarantee

NOTE

Photochrdg
therefore

11 Ove

Before te
either the

The most
type, locay
previous t

In the al
discontinu

12 Inter

Care shoy
changes (¢
shall carry
false indic

NOTE

All indical
accordang

iolet Tamp shall be turned on a few minufes (normally af Teast 5 minufes) prior to use
the correct radiation level.

The operator should avoid looking directly into the UV-A radiation or areas that act as mirrons for'the rg

mic spectacles shall not be worn when working with UV-A as exposure to it.may cause dg
ower the ability of the wearer to detect discontinuities.

all performance test

ting begins, an overall performance test is recommended..lt_shall be used to reveal disc
procedure or the magnetization technique or the detection.media.

reliable test is to inspect a representative part containing natural or artificial discontinuitieg
ion, size and size distribution. Test parts shall be dentagnetized and free from indications re
PSts.

sence of actual production parts with knoewn discontinuities, fabricated test pieces
ities, e.g. flux shunting indicators of the cross or shim-type may be used.

pretation and recording of indications.

Id be taken to differentiate ‘between true indications and spurious or false indications, such g
f section, boundary between regions of different magnetic properties, or magnetic writing. 1
out any necessary testing and observations to identify and, if possible, to eliminate the rea
ations.

Light surface dressing may be of value where permitted.

ions whieh’ cannot be confidently discounted as false shall be classified as linear or
e with-the following definition, and shall be recorded as required by the product standard.

Linear ind

in order to

diation.

rkening and

repancies in

of a known
sulting from

vith artificial

s scratches,
'he operator
son for such

rounded, in

cations are those indications in which the length is more than three times the width. Rounde

i indications

are indications that are circular or elliptical and where the length is less or equal to three times the width.

13 Demagnetization

When required at the time of enquiry and order, post-test demagnetization shall be carried out by an appropriate

technique,

NOTE 1

in order to achieve maximum residual field strength value.

Demagnetization requires the use of an alternating field which is reducing from an initial field strengt

greater than, that used for magnetization.

NOTE 2

A complete demagnetization is often very difficult to achieve, especially when the test object has bee

h equal to, or

n magnetized

using d.c. Components initially magnetized using d.c. techniques, low frequency or reversing d.c. demagnetization are used.
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NOTE 3  There are occasional circumstances when demagnetization is necessary before testing is carried out. This is when
the initial level of residual magnetism is such that adherent swarf, opposing flux or spurious indications could limit the

effectiveness

14 Cleani

After testing

of the test.

ng

and acceptance, if required, all components shall be cleaned to remove detecting media.

NOTE In addition, it may be necessary to protect the component against corrosion.

15 Testre
If a test repd
a) hameo

b) work lo

pport
rt is required it shall include as a minimum the following information :
the company ;

ation ;

c) descripfion and identity of the part tested ;

d) stageo

e) referen

test (e.g. before or after heat treatment, before or after final machining) ;

e to the written test procedure and the technique sheets.used ;

f)  descripfion of equipment used ;

g) magnet

zation technique, including (as appropriate)Zindicated current values, tangential field

wavefolm, contact or pole spacing, coil dimensions, etc. ;

h) detectig
i) surface
j) viewing
k) maximy
) method
m) date of
n) name, g

n media used, and contrast aid paint if-used ;

preparation ;

conditions ;

m residual field strength)after test, if appropriate ;

of recording or marking of indications ;

est;

ualifieation and signature of the person performing the tests.

The test rep

brt_shall then contain the test results, including a detailed description of the indications and a

as to whether they meet the acceptance criteria.

strengths,

statement
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1 2
5 6

Key
1 Specimen
2 Flaw
3  Flux
4 Curremt
5 Contaft pad
6 Contaft head

Figure 1 - Axial current flow

Dimensions in millimetres

7\

Ny

Key Key

1 Flaw 1 Overlap

Figure 2 - Prods; Current flow Figure 3 - Prods; Current flow
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Key Key
1 Flux 1 Insulated threadingybar
2 Specimén 2 Flaws
3 Current 3 Flux
4  Flaw 4  Current
5 Transfomer primary coil 5 Specimen
Figure 4 - Induced current flow Figure 5 - Threading conductor

Key Key
1 Current 1 Current
2  Flux 2 Nturns
3  Flaw 3 Flaw direction
Figure 6 - Adjacent conductor Figure 7 - Adjacent cable (coiled)
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Dimensions in millimetres

Key

1 Current

2 Specimen
3  Flaw

4  Pole plece
5 Flux

Figure 8 - Magnetic flow

Key
1 Flaw

Figure<9.* Portable electromagnet (yoke)

5
Key Key
1 Currernt 1 Insulated cable
2 Specimen 2 Flux
3 Flux 3 Ftaws
4 Flaws 4  Current
5 Specimen
Figure 10 - Rigid coil Figure 11 - Flexible coil
© 1SO 2001 — All rights reserved 11


https://standardsiso.com/api/?name=eab09c7cd8b9ce050c8a1f84e15f83bc

