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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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Non-destructive testing — Magnetic particle testing —

Part 1:

Ge

neral principles
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cope

document specifies general principles for the magnetic particle testing of ferromagneti
hetic particle testing is primarily applicable to the detection of surface-breaking disq
icularly cracks. It can also detect discontinuities just below the surface but its.sensitivity
1y with depth.

document specifies the surface preparation of the part to be tested, magnetization
irements and application of the detection media, and the recordifig dnd interpretatio
ptance criteria are not defined. Additional requirements forkthe magnetic particlg
icular items are defined in product standards (see the relévant International St
pean standards).

document does not apply to the residual magnetizatiomethod.

Normative references

titutes requirements of this document,..For dated references, only the edition cited

8059, Non-destructive testing — Penetrant testing and magnetic particle testing — Viewin
D934-2, Non-destructive testifg — Magnetic particle testing — Part 2: Detection media
D934-3, Non-destructive(testing — Magnetic particle testing — Part 3: Equipment

| 2707, Non-destructive‘testing — Magnetic particle testing — Vocabulary

330-1, Non-destructive testing — Terminology — Part 1: General terms

1330-2, Non-destructive testing — Terminology — Part 2: Terms common to non

testing methods

3

Terms and definitions

c materials.
ontinuities,
diminishes

techniques,
n of results.
b testing of
andards or

following documents are referred to in the’text in such a way that some or all of their content

hpplies. For

ited references, the latest edition of théwreferenced document (including any amendments) applies.

g conditions

destructive

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

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

ISO Online browsing platform: available at http://www.iso.or
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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.

5 Safety and environment

International, regional, national and/or local regulations which include health, safety and environment
may exist and may need to be taken into account.

Magnetic p the

magnetizin

hrticle testing often creates high magnetic fields close to the object under test,dnd
b equipment. [tems sensitive to these fields should be excluded from such areas.

6 Testing procedure

When requlired at the time of enquiry and order, magnetic particle testing shall be performdd in

accordance|with a written procedure.

ther
test

The procedure can take the form of a brief technique sheet, containing a-teference to this and @
appropriatg standards. The procedure should specify testing parametersin sufficient detail for the
to be repeatable.

All testing
product sta

shall be performed in accordance with an approved written procedure or the relevant

nhdard shall be referenced

7 Surfage preparation

Areas to bg ther

foreign mat]

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

quality requirements are dependént upon the size and orientation of the discontinuify to

be detected
from false i

Non-ferrom
layers, do 1
conditions,

There shall
fluorescent

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

shed

aint
hese

non-
br of

approved contrastaid’paint.

8 Magnetization

8.1 General requirements

The minimum magnetic flux density (B) regarded as adequate for testing is 1 T. The applied magnetic
field (H) required to achieve this in low-alloy and low-carbon steels is determined by the relative
permeability of 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.

Where time varying currents (I) are used to produce a magnetic field (which will also be time varying),
it is 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

© ISO 2016 - All rights reserved
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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
(i.e. Ipk/Irms) greater than 3 shall not be used without documented evidence of the effectiveness of the
technique.

10 OT nusoidal or
on that the

wn defects

g mu 1T OIld g dU10T nigues, UI'r used d pe purely
rolled but the phase cutting shall not be more than 90°. Practical demonstrat

b controlled

, mean, and RMS is shown in Annex A. Techniques based @n ‘ealculation shall be ver
ementation.

NOTE1  For steels, with low relative permeability, a higher tangential field strength might be

f technique
st factor is
nowing the

ified before

necessary. If

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

If cr
flux

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

NOT
dired

£ 2 The flux can be regarded as effective in detecting discontinuities aligned up to 60° from
tion. Full coverage can then be achieved byumagnetizing the surface in two perpendicular dired

Maghetic particle testing should be régarded as a surface NDT method; however, discontiry
to the surface can also be detectedFor time varying waveforms, the depth of magneti
depth) will depend on the frequency of the current waveform. Magnetic leakage fields p
impérfections below the surface*will fall rapidly with distance. Therefore, although magn

1ndications.

e magnetic

the optimum
tions.

uities close
ration (skin
roduced by
ptic particle

testing is not recommended‘\for the detection of imperfections other than on the surface, it gan be noted

that|the use of smooth DC orrectified waveforms can improve detection of imperfections just below the

surface.

8.2 | Verification of magnetization

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

a) pytesting a representative component containing fine natural or artificial discontinlllities in the
east favourable locations;

b) by measuring the tangential field strength as close as possible to the surface (information on this is
given in [SO 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 Annex A;

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

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.
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8.3 Magnetizing techniques

8.3.1 General

This subclause 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 subclauses.

orientationy. Demagnetization might be required where the residual field from the first magneétizgtion

More than [one technique might be necessary to find discontinuities on all test surfaces and ih all
uate

cannot be pvercome. Techniques other than those listed can be used provided they give“ade
magnetizatjon, in accordance with 8.1.

8.3.2 Cunyrent flow techniques

8.3.2.1 Akial current flow

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

Current pagses through the component, which shall be in good electrical contact with the pads. A typical
arrangemeint is shown in Figure 1. The current is assumed to be‘distributed evenly over the surfacq and
shall be defived from the peripheral dimensions. An examplé’of approximate formula for the cugrent
required tolachieve a specified tangential field strength is given in Annex A.

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

1

2
| 1
N30 &

> 6
Key
1  specimen 4  current
flaw 5 contact pad
3 flux denpity 6  contact head

Figure 1 — Axial current flow

8.3.2.2 Prods; Current flow

Current is passed between hand-held or clamped contact prods as shown in Figure 2, providing an
inspection of a small area of a larger surface. The prods are then moved in a prescribed pattern to
cover the required total area. Examples of testing patterns are shown in Figures 2 and 3. Approximate
formulae for the current required to achieve a specified tangential field strength are given in Annex A.

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

4 © IS0 2016 - All rights reserved
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on acceptability. If further testing is required on such affected areas, it shall be carried out using a

different technique.

Dimensions in millimetres

Key

Key

flaw

bverlap

8.3.1

Figure 2 — Prods; Currentflow

Figure 3 — Prods; Current flow

2,30 Induced current flow

Currentis 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.

© ISO 2016 - All rights reserved
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flaw

n 5 transformer primary coil

Figure 4 — Induced current flow

bnetic flow techniques

hreading conductor

assed through an insulated bar or flexible cable, placed within the bore of a compone
Aperture, as shown in Figure 5.

Cs (=
AN

1 threading bar 4  current

2 flaws

5 specimen
r

Nt or

3  flux density

Figure 5 — Threading conductor

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 at a distance, d, above it, as shown in Figures 6 and 7.

6
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Key
current

Flux density
flaw

Figure 6 — Adjacent conductor

Key
current
n turns
flaw direction

Figure 7 — Adjacent cable (coiled)

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

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.

© IS0 2016 - All rights reserved 7


https://standardsiso.com/api/?name=108e331e20e0f30bf772aa16e2044b92

ISO 9934-1:2016(E)

Key

N

1
2

current
specime)
flaw

8334 P

The poles o

Figure 9. T}
pieces and

area is shoyf

Key
flaw

4
5

pole piece
flux density

Figure 8 — Magnetic flow

prtable electromagnet (yoke)

[ an AC electromagnet (yoke) are placed in contact with the component surface as show
le testing area shall not be greater than that defined by a<€iycle inscribed between the
chall exclude the zone immediately adjacent to the poles: An example of a suitable te

bn in Figure 9.

Dimension in millim|

/

25

Figure 9 — Portable electromagnet (yoke)

n in
pole
ting

etres

The magnetization requirements defined in 8.1 can only be met with AC electromagnets. DC
electromagnets and permanent magnets may only be used by agreement at the time of enquiry and order.

8.3.3.5 Rigid coil

The component is placed within a current-carrying coil so that it is magnetized in the direction parallel
to the axis of the coil, as shown in Figure 10. Highest sensitivity is achieved for discontinuities elongated
perpendicular to the coil axis.

© ISO 2016 - All rights res
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Key

Whd
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An {
speg

8.3.]

A cail is formed by winding a currentscarrying cable tightly around the component. The

test¢

Current 3  flux density
Epecimen 4  flaws
Figure 10 — Rigid coil
n using rigid coils of a helical form, the pitch of the helix shall be less than 25 % of the cc

hort components, where the length to diameter ratig isless than 5, it is recommended th|
hders be used. The current required to achieve the necessary magnetization is thus red

xample of an approximate formula is given in-Annex A for the current required t
ified tangential field strength.

3.6 Flexible coil

d shall lie between the turns of the coil, as shown in Figure 11.

il diameter.

at magnetic
uced.

p achieve a

area to be

Key

1 insulated cable 4  current
2 flux density 5 specimen
3 flaws

Figure 11 — Flexible coil

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

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=108e331e20e0f30bf772aa16e2044b92

ISO 9934-1:2016(E)

9 Detection media

9.1 Prop

erties 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 magnetic 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
surface fini
in accordan

Coloured de
Black and o

NOTE T
apply a thin

detection media usually gives the highest sensitivity provided there is an approp
Kh, good drainage to maximize indication contrast, and well controlled viewingcendit
ce with Clause 10.

tection media can also offer high sensitivity if the contrast with the part surface is suffiq
Lher colours are available.

riate
ons,

ient.

b achieve good colour contrast between discontinuities and the test surfdce; it might be necessary to

ayer of contrast aid paint in accordance with Clauses 7 and 10.

9.2 Testing of detection media

1SO 9934-2
during insp

A sensitivit
ISO 9934-2

If a magnet

9.3 Appl

For the conf
magnetizat
allowed for

Dry powdel

During app
so that the

After apply

defines mandatory and recommended tests that are ta:be carried out before or periodi
ection.

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 prior to and durin
on. The application shall ecease before magnetization is terminated. Sufficient time sha

cally

with

ince.

b the
11 be

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

, when used, shall be,applied in a manner that minimizes disturbance of the indicationg.

lincation of a magnetic ink, it shall be allowed to flow onto the surface with very little pres

agnetic paftieles 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

any indicatjons,

sure

st of

10 Viewing conditions

The viewing conditions shall meet the requirements of ISO 3059.

There shall be good contrast between the detection media and the test surface. Where viewing is
obstructed, the component or equipment shall be moved to permit adequate viewing of all areas. Care
shall be taken to ensure that indications are not disturbed after magnetization has stopped and before
the component has been inspected and indications recorded.

11 Overall performance test

Before testing begins, an overall performance test shall be carried out to reveal discrepancies in either
the procedure or the magnetization technique or the detection media.

10 © IS0 2016 - All rights reserved
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The most reliable test is to inspect a representative part containing natural or artificial discontinuities
of a known type, location, size, and size distribution. Test parts shall be demagnetized and free from
indications resulting from previous tests.

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

scra
writ]
to el

NOT

Alli
in ad

Line
Rou
to th

13

Whd

app
max
shal

The
out.
spuy

Mag
usin
test)
max
field|

perp
NOT
initig

A co

:Lhcb, thusco Uf DULt;Ull, buuudcu _y thVVCCll I CsiUllD Uf diffcl Cllt 1uasucti\, lJl UlJCl t;CD,
ing. The operator shall carry out any necessary testing and observations to identify and
iminate the reason for such false indications.

L
[
M

Light surface dressing might be of value where permitted.

hdications which cannot be confidently discounted as false shall be classified as linear
cordance with the following definition, and shall be recorded as required by the produ

ar indications are those indications in which the length is mere’ than three times
1ded indications are indications that are circular or elliptical and where the length is |
ree times the width.

Demagnetization

n required at the time of enquiry and order, post-test demagnetization shall be carrie
opriate technique, in order to reduce the residualfield 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 magnetism is such that adherent swarf, oppo
ious indications could limit the effectiveness of the test.

hetic field remaining afternragnetization can be determined by detecting the residual fi
b a residual field meter;a-Hall effect instrument or by an agreed physical method (¢
. Generally, this willrequire moving the sensitive element all over the part and ob
imum level. Care shiall'be taken when using Hall effect instruments (designed to measur
strength) because these are not designed to provide accurate, quantitative measurem
endicular to,a'surface which may be encountered when checking for residual magnetiz

Denragnetization using an alternating field can be achieved by reducing the field strer
valuewegiral to, or greater than that used for magnetization.

1

mplete demagnetization is often very difficult to achieve, especially when the test objd

pr magnetic
,if possible,

or rounded,
Ct standard.

the width.
bss or equal

d out by an
' the agreed
indications

r is carried
sing flux or

bld strength
.g. compass
serving the
e tangential
ent of fields
ation.

gth from an

ct has been

mag
reve

etized ncing DC_For components inifi:ﬂ]y magnnfiwad ncing DC fprhninlnpcl lowz fi

rsing DC demagnetization is to be used.

14 Cleaning

equency or

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

NOTE

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

© ISO 2016 - All rights reserved
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15 Test report

If a test report is required it shall include, as a minimum, the following information:

a) name of the company;

b) work location;

c) description and identity of the part tested;

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

e) referenfce to standards, the written test procedure and the technique sheets used;

f) descri'Iion of equipment used;

g) magnetfjization technique, including (as appropriate) indicated current values, tangential [field
strengths, waveform, contact or pole spacing, coil dimensions, etc.;

h) detectipn media used, and contrast aid paint if used;

i) surface preparation;

j) viewing conditions;

k) maximym 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 petforming the tests.

The test regort shall also contain the test results, iicluding a detailed description of the indicationg and

a statement

12

as to whether they meet the acceptance criteria.

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=108e331e20e0f30bf772aa16e2044b92

ISO 9934-

Annex A
(informative)

1:2016(E)

Example for determination of currents required to achieve
specified tangential field strengths for various magnetization

techniques

A.1| General

All fprmulae can be used to give the approximate current required to provide ad€quate m3
for gimple-shaped components or parts of larger components. When magnetization is gen
timg varying currents, the rms. value is the required quantity. The current is expresse
of the tangential field strength, H, on the perimeter of the test zone,'as required by 8.]
of determination of currents required to achieve specified tangenfial field strengths

maghetization techniques are given hereafter.

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

The

required current, I, is given by Formula (A.1):
I1=Hxp

whele

[ isthe current [A];
b is the component perimeter,[mm];

f{ is the tangential field'strength [kA/m].

With items of varying crdss 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 used the largest section shall govern the current value.

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

gnetization
brated from
bd in terms
|. Examples
for various

(A1)

'rent values
hen a single

To ihspéct a rectangular test zone as shown in Figures 2 and 3, the rms. Current, /, [is given by
Formida (A.2):

[=2,5Hxd (A.2)
where

I isthe intensity of current [A];

d isthe prod spacing [mm];

H isthe tangential field strength [KA/m].
This formula applies for d up to 200 mm.
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