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Foreword
This Malaysian Standard was developed by the Technical Committee on Non-Destructive
Testing under the authority of the National Standards Committee on Mechanical Engineering.

This Malaysian Standard is based on ISO 17638:2016, Non-destructive testing of welds -
Magnetic particle testing.

Compliance with a Malaysian Standard does not of itself confer immunity from legal obligations.
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Non-Destructive Testing of Welds — Magnetic Particle Testing
(First revision)

1 Scope

This Malaysian Standard specifies techniques for detection of surface and sub-surface
imperfections in welds of ferromagnetic materials, including the heat affected zones, by means
of magnetic particle testing. Variations in the basic techniques that will provide a higher or lower
test sensitivity are described in Annex A (to see the applicability as most of the text is already
included as part of the main text).

This standard does not specify acceptance levels of the indications. Information on acceptance
levels for indications may be found in product or application standards.

This method is not applicable to weldment formed between ferromagnetic and non-
ferromagnetic materials, e.g. weldment joining carbon steel and austenitic stainless steel; or
weldment made of non-ferromagnetic filler metal e.g. welding of 9 % Ni steel.

This standard does not apply to the residual magnetisation technique.

2 Normative references

The following normative references are indispensable for the application of this standard. For
dated references, only the edition cited applies. For undated references, the latest edition of
the normative reference (including any amendments) applies.

ISO 9934-1, Non-destructive testing - Magnetic particle testing - Part 1: General Principles
ISO 9934-2, Non-destructive testing - Magnetic particle testing - Part 2: Detection media

ISO 9934-3, Non-destructive testing - Magnetic particle testing - Part 3: Equipment

ISO 17635, Non-destructive testing of welds - General rules for fusion welds in metallic
materials

ISO 3059, Non-destructive testing - Penetrant testing and magnetic particle testing — Viewing
conditions

ISO 9712, Non-destructive testing - Qualification and certification of NDT personnel

ISO 3104, Petroleum products - Transparent and opaque liquids - Determination of kinematic
viscosity and calculation of dynamic viscosity

IEC 60050-845, International electrotechnical vocabulary - Lighting
EN 437, Test gases - Test pressures - Appliance categories

EN 10083-1, Steels for quenching and tempering - Part 1: General technical delivery conditions

© STANDARDS MALAYSIA 2021 — All rights reserved 1
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EN 10083-2, Steels for quenching and tempering - Part 2: Technical delivery conditions for non
alloy steels

EN 12157, Rotodynamic pumps - Coolant pump units for machine tools - Nominal flow rate

EN 10204, Metallic products - Types of inspection documents

3 Terms and definitions

For the purposes of this standard, the following terms and definitions given in the following
apply:

3.1

acceptance level

specified level that sets the threshold for acceptance/rejection of components based on either
quality assurance or fitness for purpose criteria

NOTE. Any indications above this level may result in the rejection or repair of the component or further
evaluation based on fitness for purpose criteria.

3.2
flaw
imperfection or discontinuity that may be detectable and is not necessarily rejectable

3.3
imperfection or discontinuity
departure of a quality characteristic from its intended condition

34

indication

collection of iron powder on the metal surface of the object tested to indicate existence of a
leakage field

3.5
interpretation
determination of whether indications are relevant, non-relevant or false

3.6
recording level
specified level that sets the threshold for recording indications

NOTE. Indications below this level are not recorded.

3.7

sub-surface imperfections

imperfections that are not open to surface, but lie within the depth of penetration of the applied
magnetic field

3.8

surface imperfection
imperfections that are open to the surface

2 © STANDARDS MALAYSIA 2021 — All rights reserved
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3.9

testing

testing of a material in accordance with a standard or a specification or a procedure

3.10

testing level

degree of thoroughness and selection of parameter settings/sensitivity with which an
examination or test method is applied

NOTE. Different levels correspond to different sensitivities and/or probabilities of detection. The selection
of examination or test levels is normally related to the quality requirements and/or the component
application.

3.11

quality level
fixed limits of imperfections corresponding to the expected quality in a weld

4 Safety precautions

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. In particular, requirements in Occupational Safety and
Health Act 1994 (OSHA) shall be observed at all times.

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 personnel;

c) extent of coverage;

d) stage of manufacturing;

e) testing techniques to be used;

f) overall performance test;

9) any demagnetisation required;

h) acceptance level; and

i) action necessary on unacceptable indications.

© STANDARDS MALAYSIA 2021 — All rights reserved 3
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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 and extent of welds to be tested;

d) joint preparation and dimension;

e) location and extent of any repairs;

f) post-weld heat treatment (if any); and

s)) surface conditions.

Personnel may ask for further information that could be helpful in determining the nature of
indications to be detected, if any. For example, a mixture of ferritic and non-ferritic weld material
or base material is involved.

5.3  Personnel qualification

Magnetic particle testing of welds and the evaluation of results for final acceptance shall be
performed by qualified and certified personnel. It is recommended that personnel be qualified
in accordance with ISO 9712, national or international central certification programmes such as

SKM, PCN, CSWIP and ASNT, certification requirements or an equivalent standard at an
appropriate level in the relevant industry sector.

6 Surface conditions and preparation
Areas to be tested should 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.

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

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

7 Magnetisation

71 General requirements

The minimum flux density in the component surface shall be 1 Tesla (T). This flux density is

achieved in low alloy and low carbon steels with high relative permeability with a tangential field
strength of 2 KA/m.
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For other steels with lower permeability, a higher tangential field strength may be necessary. If
magnetisation is too high, spurious background indications may appear which could mask
relevant indications.

When magnetisation is generated from time-varying currents, the root mean square (RMS)
value is the required quantity. If the current meter on the magnetising 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.

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

Magnetic particle testing often creates excessively strong magnetic fields at the area around
magnetising points or spots. These areas should not be considered as areas being inspected.

When there is a need to find sub-surface imperfections, direct current (DC) or rectified
waveforms shall be used.

Magnetic particle testing should be regarded as a surface NDT method, however discontinuities
close to the surface can also be detected. For time varying waveforms, the depth of
magnetisation will depend on the frequency of the current waveform. Magnetic leakage fields
produced by imperfections below the surface will fall rapidly with distance. Therefore, although
magnetic particle testing is not recommended for the detection of imperfections other than on
the surface, it can be noted that the use of smooth DC or rectified waveforms can improve
detection of imperfections just below the surface.

Where time varying currents (l) 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. Annex A Table A.9
can be used as reference for the appropriate magnetising technique to be used.

© STANDARDS MALAYSIA 2021 — All rights reserved 5
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Table 1. Relationship between peak mean and RMS values for various sinusoidal

waveforms
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7.2  Magnetising equipment
The use of alternating current gives the best sensitivity for detecting surface imperfections.

Unless otherwise specified, e.g. in an application standard, the following types of alternating
current-magnetising equipment shall be used:

a) electromagnetic yokes;
b) current flow equipment with prods; and

c) adjacent or threading conductors or coil techniques.

The use of direct current-magnetisation or permanent magnets shall be limited to testing under
specific requirements, e.g. for detection of sub-surface imperfections (use of DC yoke or prods)
or unavailability of power supply (use of permanent magnet).

The magnetising equipment and accessories shall conform to Annex B.

Where prods are used, precautions shall be taken to minimise overheating, burning or arching
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.

More than one technique may be necessary to find discontinuities on all test surfaces and in all
orientations. Demagnetisation may be required where the residual field from the first
magnetisation cannot be overcome. Techniques other than those listed may be used provided
they give adequate magnetisation in accordance with 7.1.

7.3  Verification of magnetisation

A tangential magnetic field strength of 2 kA/m to 6 kA/m (RMS) is recommended.

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

a) a component containing fine, natural or artificial imperfections in the least favourable
locations;

b) measurement of the tangential field strength as close as possible to the surface using
magnetic field sensors, e.g. Hall effect probe and Giant Magnetoresistance (GMR) probe.
Alternatively, field indicator can also be used. The appropriate tangential field strength
can be difficult to measure close to abrupt changes in the shape of a component, or
where flux leaves the surface of a component;

c) lifting force of the yokes at maximum pole spacing used shall meet below requirements:
i)  for alternating current (AC) yoke: 44 N, equivalent to lifting 4.5 kg of steel plate; or
i) for DC yoke/permanent magnet: 180 N, equivalent to lifting 18 kg of steel plate.

d) calculation of the approximate current value in order to achieve the recommended

tangential field strength can be based on the current values specified in 7.4; or

© STANDARDS MALAYSIA 2021 — All rights reserved 7
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by measuring the tangential field strength as close as possible to the surface. Information
on this is given in ISO 9934-3;

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; or

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.

For the verification of magnetisation, refer to e.g. ISO 9934-1:2016, 8.2.

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

a)

b)

c)

d)

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

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

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;

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.

For structural steels in welds, a tangential field between 2 kA/m to 6 kA/m (RMS) is
recommended.

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

a)

b)

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

measurement of the tangential field strength as close as possible to the surface using a
Hall effect probe; the appropriate tangential field strength can be difficult to measure
close to abrupt changes in the shape of a component or where reflux leaves the surface
of a component;

calculation of the approximate current value in order to achieve the recommended
tangential field strength; the calculation can be based on the current values specified in
Figures 5 and 6; and

by the use of other methods based on established principles.

© STANDARDS MALAYSIA 2021 — All rights reserved
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Flux indicators (i.e. 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.

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

7.4 Magnetising techniques

This section describes a range of magnetisation techniques. Multi-directional magnetisation
can be used to find discontinuities in any direction.

7.4.1 Current flow techniques

7.41.1 Prods; Current flow

Current is passed between hand-held or clamped contact prods as shown in Figure 1(a),
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
Figure 1(b).

Dimensions in millimetres

Key
1 Flaw
2  Overlap

Figure 1. Prods; Current flow

To inspect a rectangular test zone as shown in Figures 1, the RMS current, /, is given by:

=25 Hd

where
I is the intensity of current, in amperes (A);

d is the prod spacing, in millimetres (mm);

© STANDARDS MALAYSIA 2021 — All rights reserved 9
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H is the tangential field strength, in kiloamperes per metre (kA/m).

This formula is applicable where d is limited to a minimum of 75 mm and a maximum of 200
mm.

Alternatively, the test zone may be a circle inscribed between the prods but excluding the area
within 25 mm of each prod. In this case:

I=3 Hd
(@)

In both cases above, the formulae are only reliable when the radius of curvature of the
inspection surface exceeds half the prod spacing.

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. The warning in this subclause concerning the use of lead prods should
also be noted. Zinc plated or galvanised prods shall not be used. 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 technique.

7.4.2  Magnetic flow techniques
7.4.2.1 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 2.

Key

1 Current
2  Flux

3 Flaw

Figure 2. Adjacent conductor
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To achieve the required magnetisation, the cable shall be mounted so that its centreline is at a
perpendicular distance, d, from the test surface.

The width of the effective test area on each side of the cable centreline is then d, and the RMS
current following in the cable is required to be:

I=4mdH
(3)

where

/ is the RMS current, in amperes (A);

d is the distance of cable above the surface, in millimetres (mm); and

H is the tangential field strength, in kiloamperes per metre (kA/m).

When testing radiused corners on cylindrical components or branch joints (e.g. stub-to-header
welds), the cable may be wrapped around the surface of the component or the branch and

several turns may be bunched in the form of a closely wrapped coil as shown in Figure 3. In
this case, the surface inspected shall lie within a distance d of the cable or the coil windings,

== (4)
where
NI are the ampere-turns; and
H is the tangential field strength, in kiloamperes per metre (kA/m).

The number of turns (N) shall be between three to six.

© STANDARDS MALAYSIA 2021 — All rights reserved 11
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Key
1 Current
2 N turns

3 Flaw direction

Figure 3. Adjacent cable (coiled)

The adjacent conductor technique of magnetisation 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 away from the testing zone as possible and, in all cases, this
distance shall be greater than 10 d, where 2 dis 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.

7.4.2.2 Flexible coil

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 4.

12 © STANDARDS MALAYSIA 2021 — All rights reserved
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Key

1 Insulated cable

2 Flux
3 Flaws
4  Current

5  Specimen

Figure 4. Flexible coil

To achieve the required magnetisation using direct or rectified current, the RMS value of the
current flowing in the cable shall have a minimum value of:

I=3H[T+ (%)] (5)

where
/ is the RMS value of the current, in amperes (A);
H is the tangential field strength, in kiloamperes per metre (kA/m);

T is the wall thickness of the component, in millimetres (mm), or its radius if it is in the form
of a solid bar of circular section; and

Y is the spacing between adjacent windings in the coil, in millimetres (mm).

To achieve the required magnetisation using alternating current, the RMS value of the current
flowing in the cable shall have a minimum value of:

I=3H[10 + (g)] (6)

© STANDARDS MALAYSIA 2021 — All rights reserved 13
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7.4.2.3 Portable electromagnet (Yoke)

The poles of an AC electromagnet (yoke) are placed in contact with the component surface as
shown in Figure 5. The testing area shall not be greater than that defined by a circle inscribed
between the pole pieces and shall exclude the 25 mm zone immediately adjacent to the poles.
An example of a suitable testing area is shown in Figure 5.

Key
1 Flaw
2  Testing area (shaded)

Figure 5. Portable electromagnet (yoke)

NOTE. The magnetisation requirements defined in 7.1 can only be met with AC electromagnets. DC
electromagnets and permanent magnets may only be used under specific requirement e.g. for detection
of subsurface cracks (use of DC yoke) or inavailability of power supply or safety limitations (use of
permanent magnet).

7.5  Application technique

7.5.1 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 magnetisation in Figure 6.

14 © STANDARDS MALAYSIA 2021 — All rights reserved
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Key
1 magnetic field direction
2  optimum sensitivity
3  reducing sensitivity
4  insufficient sensitivity
a is the angle between the magnetic field and the direction of the imperfection
amin is the minimum angle for imperfection detection
ai is an example of imperfection orientation
Figure 6. Directions of detectable imperfections
To ensure detection of imperfections in all orientations, the welds shall be magnetised in at
least two directions approximately perpendicular to each other with a maximum deviation of

30°. This can be achieved using one or more magnetisation techniques.

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 as shown in
Figure 7. This is usually seen as furring of particles.

Care shall be taken to ensure adequate overlap of the testing areas as shown in Figure 8. This

can be achieved by placing the pole piece of the yoke at least 25 mm behind the pole piece in
the previous step.

© STANDARDS MALAYSIA 2021 — All rights reserved 15
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Dimensions in millimetres

Key
d s the yoke/prod separation

Figure 7. Examples of effective testing area (shaded) for magnetising with yokes and

prods
= =
=) .,
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Key
1 Effective area

2 Overlap
Figure 8. Overlap of effective areas
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7.5.2 Typical magnetic testing techniques

Magnetic particle testing techniques for common weld joint configurations are shown in Figures
9,10 and 11. Values are given for guidance purposes only. Where possible, the same directions
of magnetisation and field overlaps should be used for other weld geometries to be tested. The
width of the flux current path in the material, d, shall be greater than or equal to the width of the
weld and the heat affected zone + 50 mm and in all cases the weld and the heat affected zone
shall be included in the effective area. The direction of magnetisation with respect to the
orientation of the weld shall be specified.

Dimensions in millimetres

( )
( \/ )
1
2
d>75 d1 >75
b<d2 bl < d1/2
18:__.900 b25d2—50

a2>75

2
d >75 d>75
d2>75 do>75
b < di/2 b < di/2
be<adx-50 bz <d>-50

Key
1 longitudinal cracks

2  transverse cracks

Figure 9. Typical magnetising techniques for yokes
© STANDARDS MALAYSIA 2021 — All rights reserved 17



MS 2399:2021

Dimensions in millimetres

N T

N
( \VA ) ( s
A-A
‘ B A i
‘< 7 / o
o =z N
.
St J
<
S
d>75 a>75
b<d?2 b< d?2
8 ~90°

d>75 a>75
b<d2 b<d?2

Figure 10. Typical magnetising techniques for prods, using a magnetising current 2 5
A/mm (RMS) prod spacing
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Dimensions in millimetres

%D

20<a<50 20<a<50
NI > 8D NI > 8D
N
N
&

20 <a <50
NI > 8D

Key

N is the number of turns

| is the current (RMS)

ais the distance between weld and coil or cable
D is the diameter

Figure 11. Typical magnetising techniques for flexible cables or coils (for longitudinal
cracks)
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8 Detection media
8.1 General

Detection media may be either in dry powder or in wet suspension (ink). The characterisation
of detection media shall be in accordance with Annex C.

The detection media is usually 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.

Such magnetic ink may be available from aerosol spray can. To achieve good colour contrast
between discontinuity indications and the test surface, it may be necessary to apply a thin layer
of contrast paint in accordance with 9.1.

Dry powders are also available. They are generally less able to reveal fine surface
discontinuities. Coloured media can also offer high contrast. Black, grey, red and yellow colour
coated dry iron powders are available.

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 current 9.2.

Wet particle concentration for fluorescent media shall be 0.1 ml to 0.4 mlin 100 ml bath (0.1 %
to 0.4 % volume). For non fluorescent media, the concentration shall be 1.2 ml to 2.4 mlin 100
ml bath (1.2 % to 2.4 % volume).

8.2  Verification of detection media performance

Verification of the detection media shall be carried out periodically, as per the manufacturer’s
specification, to confirm continuing satisfactory performance.

The verification shall be carried out on components having known or artificial surface
imperfections, or on pre-magnetised reference 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) real imperfections;

b) photograph(s); or

c) replica(s).

8.3  Application of detection media

After the object has been prepared for testing, the detection medium shall be applied by
spraying or dusting immediately prior to and during the magnetisation.

For the continuous method, the detecting media shall be applied immediately prior to and during
the magnetisation. The application of the detecting media shall cease before magnetisation is
terminated. Sufficient magnetising time shall be allowed for indications to develop before
moving or examining the component or structure under test.

20 © STANDARDS MALAYSIA 2021 — All rights reserved



MS 2399:2021

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

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

After applying a suspension, the component shall be allowed to drain so as to improve the
contrast of any applications.

Excess iron particles accumulated in examinations shall be removed with a light air stream from
a bulb or syringe or other source of low-pressure dry air. Magnetisation shall be maintained
while removing the excess particles.

Depending on the material being tested, its surface condition and magnetic permeability,
indications will normally remain on the surface even after removal of the magnetic field due to
residual magnetism within the part (mainly at the location of the poles). However, the presence
of residual magnetism shall not be presumed and post-evaluation techniques after removal of
the prime magnetic field source are only permitted when a component has been proven by an
overall performance test to retain magnetic indications.

9 Viewing conditions
The viewing conditions shall meet the requirements of Annex D.

The entire surface under test shall be viewed before proceeding to the next stage in the testing
procedure. 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 magnetisation has stopped and before the component has been inspected and indications
recorded.

9.1 Coloured media

When using coloured detection media, there shall be good contrast between the detection
media and the test surface. The area under test shall be evenly illuminated at a level of not less
than 1000 Ix daylight or artificial light. Strong reflections from the test surface should be avoided.

9.2 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
Annex D and shall have an intensity at the test surface greater than 10 W/m2 (1 000 uW/cm2).
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 (normally at least 5 min) shall be allowed for the eyes to
become adapted to the reduced ambient lighting. The ultraviolet lamp shall be turned on at
least 5 min prior to use in order to guarantee the sufficient intensity level.

NOTE. The operator should avoid looking directly into the UV-A radiation or areas that act as mirrors for
the radiation.
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Photochromic spectacles shall not be worn when working with UV-A as exposure to it may
cause darkening and therefore lower the ability of the wearer to detect discontinuities.

10 Overall performance test

When specified, an overall performance test of the system sensitivity for each procedure shall
be carried out on site. The performance test shall be designed to ensure a proper functioning
of the entire chain of parameters including the equipment, the magnetic field strength and
direction, surface characteristics, detection media and illumination.

The most reliable test is to use representative test pieces containing real imperfections of
known type, location, size and size-distribution. Where these are not available, fabricated test
pieces with artificial imperfections, or flux shunting indicators of the cross or shim-type may be
used.

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.

The test pieces shall be cleaned, demagnetised and free from indications resulting from
previous tests.

NOTE. It may be necessary to perform an overall performance test of the system sensitivity for each
specific procedure on site.

11 Interpretation and recording of indications

Care should be taken to differentiate between true indications and spurious or false indications,
such as scratches, grinding marks, changes of section, boundary between regions of different
magnetic permeability, or magnetic writing. The operator shall carry out any necessary testing

and observations to identify and, if possible, to eliminate the reason for such false indications.

Light surface dressing of very rough weld-caps may be necessary in order to avoid false
indications.

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.

11.1 Recording of indications

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

a) description in writing;

b) sketches;

C) photography;
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d) transparent adhesive tape;

e) transparent varnish for “freezing” the indication on the surface tested;
f) peelable contrast-aids;

9) video recording;

h) magnetic particle dispersion in an epoxy curable resin;

i) magnetic tapes; and

i) electronic scanning

12 Demagnetisation

When required at the time of enquiry and order, post-test demagnetisation shall be carried out
by an appropriate technique, in order to reduce the residual field strength to a level which is
below the agreed maximum permitted value. If viewing for indications is carried out after
demagnetisation, indications shall be preserved by a suitable method.

There are occasional circumstances when demagnetisation 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 of the test.

Magnetic field remaining after magnetisation can be determined by detecting the residual field
strength using a residual field meter, a Hall effect instrument or by an agreed physical method
(e.g. compass test). Generally, this will require moving the sensitive element all over the part
and observing the maximum level. Care shall be taken when using Hall effect instruments
(designed to measure tangential field strength) because these are not designed to provide
accurate, quantitative measurement of fields perpendicular to a surface which may be
encountered when checking for residual magnetisation.

NOTE. Demagnetisation using an alternating field can be achieved by reducing the field strength from an
initial value equal to, or greater than that used for magnetisation. A complete demagnetisation is often
very difficult to achieve, especially when the test object has been magnetised using DC. For components
initially magnetised using DC techniques, low frequency or reversing DC demagnetisation is to be used.

13 Cleaning

After testing 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.

14 Test report

A test report shall be prepared.
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The report should contain at least the following:

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) reference to standards, the written test procedure and the technique sheets used;
f) description of equipment used;

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

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

i) surface preparation;

i) viewing conditions;

k) maximum residual field strength after test, if appropriate;

) method of recording or marking of indications;

m) date of test; and

n) name, qualification and signature of the person performing the tests.

The test report shall also contain the test results, including a detailed description of the
indications and a statement as to whether they meet the acceptance or rejection criteria.
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Annex A
(normative)

Variables affecting the sensitivity of magnetic particle testing

A.1 Surface conditions and preparation

The maximum test sensitivity that can be achieved by any magnetic testing method is
dependent on many variables but can be seriously affected by the surface roughness of the
object and any irregularities present. In some cases, it can be necessary to:

a) dress undercut and surface irregularities by grinding; and
b) remove or reduce the weld reinforcement.

Surfaces covered with a thin non-magnetic paint e.g. a primer may also be tested provided the
paint surface is unbroken and the thickness of the coating does not exceed 50 um. Above this
thickness, the sensitivity of the method decreases and may be demonstrated to be sufficiently
sensitive before proceeding with the test.

A.2 Magnetising equipment characteristics

Yokes produce an adequate magnetic field in simple butt-welds but where the flux is reduced
by gaps or the path is excessive through the object, as in T-joints, a reduction of sensitivity can
occur.

For complex joint configurations, e.g. branch connections with an inclined angle of less than
90°, testing using yokes might be inadequate. Prods or cable wrapping with current flow will, in
these cases, prove more suitable.

A.3 Magnetic field strength and permeability

The field strength required to produce an indication strong enough to be detected during
magnetic particle testing is dependent mainly on the magnetic permeability of the object.

Generally, magnetic permeability is high in softer magnetic materials e.g. low alloy steels, and
low in harder magnetic materials e.g. martensitic steels. Because permeability is a function of
the magnetising current, low permeability materials usually require application of a higher
magnetisation value than do softer alloys to produce the same flux density. It is therefore
essential to establish that flux density is adequate before beginning the magnetic particle
testing.

A.4 Detection media

Magnetic particle suspensions will usually give a higher sensitivity for detecting surface
imperfections than dry powders.
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Fluorescent magnetic detection media usually give a higher test sensitivity than colour contrast
media, because of the higher contrast between the darkened background and the fluorescent
indication. The sensitivity of the fluorescent method will, nevertheless, decrease in proportion
to any increase in the roughness of the surface to which magnetic particles adhere and can
cause a disturbing background fluorescence.

Where the background illumination cannot be adequately lowered or where background
fluorescence is disturbing, coloured detection media in conjunction with the smoothening effect
of a contrast aid will usually give better sensitivity.
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Annex B
(normative)

Types of devices

B.1 Portable electromagnets (AC)
B.1.1 General

Hand-held portable electromagnets (yokes) produce a magnetic field between the two poles.
Magnetisation shall be determined by measuring the tangential field strength Ht with a field
strength measuring device e.g. a Hall probe, at the centre of a line joining the centres of the
pole faces of the electromagnet with pole extenders where used. The electromagnet with a pole
spacing dis placed on a steel plate as shown in Figure B.1. The plate shall have the dimensions
(500 £25) mm x (250 + 13) mm x (10 £ 0.5) mm and shall be of low carbon steel material.

Periodic functional checks may be carried out either by the method described above or by a lift
test. The electromagnet shall be capable of lifting a steel plate or rectangular bar having a
minimum mass of 4.5 kg, with the magnet poles set at their recommended spacing. The major
dimension of the plate or bar shall be greater than the pole spacing d of the electromagnet.

DC electromagnet or permanent magnet should only be used if agreed at enquiry and order
stages.

NOTES:
1. AC = alternative current, and DC = rectified current
2. To lift a steel plate with a mass of 4.5 kg requires a lifting force of 44 N
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Figure B.1. Determination of the characteristics of portable electromagnets

B.1.2 Technical data

The following data shall be provided by the equipment supplier:

a) recommended pole spacing (maximum and minimum pole spacing) (dmax, dmin);
b) cross sectional dimensions of the poles;

c) electrical supply (voltage, current and frequency);

d) current wave forms available;

e) method of current control and effect on waveform (e.g. thyristor);

f) duty cycle at maximum output (ratio of current 'ON' to 'Total' time expressed as a
percentage);

9) maximum current 'ON' time;

h)  tangential field strength Ht at dmax and dmin (following B.1);
i) overall dimensions of the equipment;

i) equipment mass, in kilograms; and

k) specified electrical protection degree (IP) according to IEC 60529.
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B.1.3  Minimum requirements

The following requirements shall be satisfied at an ambient temperature of 30 °C and at
maximum output:

- duty cycle > 10 %

- current 'ON' time > 5s

- surface temperature of handle < 40°C

- tangential field strength at dmax (see B1) > 2 kA/m (RMS)
- lifting force AC yoke > 44 N

B.1.4 Additional requirements

The electromagnet shall be supplied with a power ON/OFF switch preferably mounted on the
handle. Generally, electromagnets should be usable with one hand.

B.2 Current generators

Current generators are used to supply current for magnetising equipment. A current generator
is characterised by the open circuit voltage Uo, the short circuit current Ik and the rated current
Ir (RMS values).

The rated current Iris defined as the maximum current for which the generator is rated at the
duty cycle of 10 % and for a current 'ON' time of 5 s if not otherwise specified.

The open circuit voltage U, and the short circuit current Ik are derived from the load-
characteristic of the generator at maximum power (with any feedback controls disconnected).
The load line of the generator may be derived by connecting two widely different loads, such
as different lengths of cable, in turn to the generator. For the first cable, the current 11 through
the cable and voltage U1 across the output terminals are measured and plotted to give point P+
on Figure B.2. The process is repeated with a second load to give point P2. The load line is
constructed by drawing a straight line between P1 and P2. The open circuit voltage U, and short
circuit current Ik are then given by the intercepts on the axes, as shown in Figure B.2.
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Figure B.2. Load characteristics of the current generator
B.2.1  Technical data
The following data shall be provided by the equipment supplier:
a) open circuit voltage Uo (RMS);
b) short circuit current k (RMS);
c) rated current Ir (RMS);
d) duty cycle at maximum output (if other than as specified in Clause B.2);
e) maximum current 'ON' time (if other than specified in Clause B.2);
f) current wave forms available;
9) method of current regulation and effect on waveform;
h)  working range and incremental setting steps;
i) method of constant current control if available;
i) type of meter (digital, analog);

k) resolution and accuracy of current output meter;
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) electrical supply requirements at maximum current output (voltage, phases, frequency
and current);

m)  specified electrical protection degree (IP) according to IEC 60529;
n) overall dimensions of equipment;
0) equipment mass, in kilograms; and

p) type of demagnetisation if available (see Clause B.4).

B.2.2 Technical requirements

The following requirements shall be satisfied at an ambient temperature of 30 °C and at the
rated current Ir:

- duty cycle: 210 %;
current “ON” time: 25 s.

NOTE. High testing rates will require a higher duty cycle.

B.3 UV-A sources

B.3.1 General

UV-A sources shall be designed and used in accordance with Annex D.
B.3.2 Technical data

The following data shall be provided:

a) surface temperature of the UV-A housing after 1 h;

b) type of cooling (e.g. heat exchanger);

c) electrical supply requirements (voltage, phases, frequency and current);
d) overall dimensions of equipment; and

e) equipment mass, in kilograms.

At a distance of 400 mm from the UV-A source at the stated voltage:

a) irradiated area (diameter or length x width measured at half of the maximum surface
irradiance);

b) irradiance after 15 min operation;

c) irradiance after 200 h continuous operation (typical value);
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d) illuminance after 15 min operation (see B.5.3); and

e) illuminance after 200 h continuous operation (typical value).
B.3.3 Technical requirements

The following requirements shall be satisfied under working conditions:
a) anti-splashing screen at a maximal ambient temperature;

b) hazard protection of hand-held units when in parked position;

c) UV-A irradiance at 400 mm from the source 210 W/m?;
d) illuminance at 400 mm from the source <20 Ix; and

e) surface temperature of handle <40 °C.

B.4 Demagnetisation
B.4.1  General

Facilities for demagnetisation may be included in the magnetising equipment, or demagnetising
may be carried out using a separate equipment.

If viewing for indications is carried out after demagnetisation, indications shall be preserved by
a suitable method.

B.4.2 Technical data

The following data shall be provided:

a) method(s) of demagnetisation;

b)  type of current regulation;

c) field strength (at the centre of the empty demagnetising coil if applicable);
d) residual field for a specified component;

e) electrical supply requirements at maximum current output (voltage, phases, frequency
and current) if separate from the general equipment;

f) overall dimensions of equipment if separate from the general equipment; and

Q) equipment mass, in kilograms, if separate from the general equipment.
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B.4.3 Technical requirements

The equipment shall be capable of demagnetising to a specified level (typically 0.4 kA/m to 1.0
kA/m) unless otherwise agreed.

B.5 Measurements

B.5.1 General

Measurements are required for:

a) determining the equipment characteristics; and

b) checking inspection parameters.

For all current and magnetic field measurements, only instruments that respond directly to the
waveform shall be used. Instruments that calculate peak or RMS values based on calculation
derived from other values shall not be used. Where True RMS meters are used to measure
RMS values, the specified crest factor of the instrument shall be greater than the crest factor
of the waveform being measured and generally be not less than 5.

B.5.2 Current measurement

Pure AC sinusoidal waveforms can be accurately measured using clamp meters or other
conventional instruments. Measurements of phase-controlled currents can be more complex
and it shall be verified that the instrument used has the correct response before use on these
waveforms. Measurement systems using shunts with suitable voltage measurement
instruments shall be regarded as current meters and conform with the requirements for such
instruments.

B.5.3 Magnetic field measurement

Magnetisation can be determined by measuring the tangential field strength using a Hall probe.
To obtain the required field strength, three factors should be considered depending on the
method of magnetisation and the location of the measurement.

a) Orientation of the field-sensitive element

The plane of the field-sensitive element should be kept normal to the surface. If a normal field
component exists, a tilt can introduce a substantial error;

b) Surface proximity of the field-sensitive element

If the field varies strongly with height above the surface, it might be necessary to make two
measurements at different heights to deduce the value at the surface; and

C) Direction of the magnetic field

To determine the direction and magnitude of the field, the probe shall be rotated to give the
maximum reading.
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B.5.3.1 Technical data

The following data shall be provided:

a) measured value;

b)  type and dimensions of the probe;

C) distance of the sensor from the probe surface;
d) geometry of the sensing element;

e) type of instrument;

f) dimensions of the instrument; and

9) electrical supply (battery, mains).

B.5.3.2 Technical requirements

Minimum requirement shall be satisfied where measurement accuracy better than 10 %.
B.5.4 \Visible light measurement

See Annex D.

When measuring the visible light from UV sources, the lux meter shall be insensitive to UV and
infrared radiation. Appropriate filters shall be incorporated.

B.5.5 UV-Airradiance measurement

See Annex D.

B.5.6 Verification and calibration of instruments

The verification and calibration procedures for instruments shall be carried out so that during
the calibration interval, the measuring error remains within limits given in this standard. This

shall be done following the recommendations of the instrument manufacturer and in
accordance with the quality assurance system of the user.
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Annex C
(normative)

Characterisation of detection media

C.1 Classification

C.1.1  General

The magnetic particle materials covered by this annex shall be classified as follows:
C.1.2  Magnetic inks

Magnetic inks shall consist of finely divided coloured or fluorescent magnetic particles in a
suitable carrier liquid. They shall form a uniform suspension when agitated.

Magnetic inks may be made from products supplied as concentrates, including paste and
powders for magnetic ink, or ready for use.

C.1.3 Powders

Powders for the dry technique shall consist of finely divided coloured and/or fluorescent
magnetic particles.

C.2 Testing and test certificate

C.2.1  Type testing and batch testing

Type testing is carried out to demonstrate suitability of a product for the intended use. Batch
testing is carried out to demonstrate conformity of the characteristics of a batch to the product
type specified.

The supplier shall provide a test certificate showing compliance with this standard having used
the methods detailed. This certificate shall include results obtained and tolerances allowed.

If any changes are made to the detection media, then a new type test shall be performed.
C.2.2 In service testing

In service testing is carried out to demonstrate the continued performance of the detection
media.

C.3 Requirements and test methods

C.3.1 Performance

Testing shall be carried out according to the requirements of Table C.1.
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Type testing (Q) and batch testing (B) shall be the responsibility of the supplier or manufacturer.
In service testing (P) shall be the responsibility of the user.

C.3.1.1 Type testing and batch testing

Type testing and batch testing shall be carried out according to Clause C.6 using the reference
blocks types 1 or 2 as described in Clause C.7.

C.3.1.2 In service testing

In service testing shall be carried out according to Clause C.6 using one of the reference blocks
types 1 or 2 as described in Clause C.7 or a test block which exhibit similar discontinuities to
those normally found in components typically processed in the equipment.

C.3.1.3 Contrast aid paints

Type testing and batch testing shall be carried out according to C.3.1.1 after having applied the
paint in accordance with the manufacturer’s instructions and using a type test approved,
compatible magnetic ink.

C.3.2 Colour

The colour of magnetic particles detection media under working conditions shall be stated by
the supplier.

The colour of the batch test sample shall not differ from the colour of the type test sample when
visually compared.

C.3.3 Particle size
C.3.3.1 Method

The method for determination of particle size is dependent on the range of the particle size
distribution.

NOTE. For magnetic inks, the particle size distribution can be determined by the Coulter Method or an
equivalent method (see Bibliography).

C.3.3.2 Definition of the particle size
The range of particle size shall be as follows:
a) lower diameter dl: no more than 10 % of the particles shall be smaller than dl;

b) average diameter da: 50 % of the particles shall be larger than and 50 % smaller than
da; and

C) upper diameter du: no more than 10 % of the particles shall be larger than du.
C.3.3.3 Requirements

dl, da and du shall be reported. For magnetic inks, sizes shall lie in the range d/ > 1.5 um and
au < 40 um. For powders, dlis generally > 40 um.
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C.3.4 Temperature resistance

There shall be no degradation of the product after 5 min of heating at the maximum temperature
specified by the supplier. This shall be verified by repeating the performance test as specified
in C.3.1.1.

C.3.5 Fluorescent coefficient and fluorescent stability

To carry out these tests, it is necessary to use a dry sample of the particles.

C.3.5.1 Type testing

C.3.5.1.1 Method

The fluorescent coefficient B in cd/W is defined as follows;

where

L is luminance in cd/m?2 of a plane powder surface; and

Ee s level of UV-irradiance in W/m?2 at the surface of the powder.
The arrangement of the apparatus used is shown in Figure C.1.

The powder surface shall be evenly irradiated with UV-A at an angle of 45° (£ 5°). Luminance
shall be measured with a suitable meter with an accuracy of £+ 10 %. It shall measure the
luminance from the powder surface and be unaffected by areas outside of the target area. The
level of irradiance shall be measured with a meter conforming to ISO 3059 with its UV sensor
replacing the powder surface.

The recommended arrangement is using a luminance meter with a 200 cd/m? range and a
viewing angle (a) of 20° placed 80 mm above the plane powder surface, diameter 40 mm. UV-
A lamps are placed so as to give an even irradiance at the powder surface, with Ee between
10 W/m2 and 15 W/mz2.
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Figure C.1. Determination of the fluorescent coefficient 3 for magnetic particles
C.3.5.1.2 Requirements
The fluorescent coefficient ( 8) shall be greater than 1.5 cd/W.
C.3.5.1.3 Fluorescence stability
The sample shall first be tested according to the method described in C.3.5.1.1
The sample shall then be exposed and re-tested as described in C.3.5.1.1 after 30 min of
exposure to UV-A irradiance of 20 W/m? (minimum). The fluorescent coefficient shall not
decrease more than 5 %.

C.3.5.2 Batch testing

Batch testing shall be carried out according to C.3.5.1.1. The fluorescent coefficient shall be
within 10 % of the type test value.

C.3.6  Fluorescence of carrier liquid

The fluorescence of the carrier liquid shall be checked by visually comparing with quinine
sulphate solution when irradiated with UV-A of at least 10 W/m?2.

The concentration of the quinine sulphate solution shallbe 7 X 10-9 M (5.5 ppm) in 0.1 N H2SO4
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The carrier liquid under test shall exhibit no more fluorescence than the quinine sulphate
solution.

C.3.7 Flash point

For magnetic inks, other than water based, the flash point (open cup method) of the carrier fluid
shall be reported.

C.3.8 Corrosion induced by detection media

C.3.8.1 Corrosion testing on steel

The corrosive effect on steel shall be tested and reported according to Clause C.8.
C.3.9 Viscosity of the carrier liquid

The viscosity shall be tested according to ISO 3104.

The dynamic viscosity shall not be higher than 5 mPas at 20 °C (+ 2 °C).

C.3.10 Mechanical stability

C.3.10.1 Long term test (endurance test)

The manufacturer shall show that the detection media is unaffected by use in a typical magnetic
particle testing bench over a period of 120 h.

This may be proven in a magnetic particle testing bench or by using an arrangement to simulate
this. A recommended arrangement is as follows:

A 40 L sample of the detection media shall be contained in a corrosion resistant reservoir fitted
with a centrifugal pump. The detection media shall be recirculated and the flow interrupted by
a valve.

Technical data:

Type of the sump pump EN 12157 - T 160-270-1
Diameter of the return flow Nominally 25 mm or 1” bore
Cycle time:

a) valve opened 5s

b) valve closed 5s

The detection media shall be checked with a reference block (see C.3.1.1) before use and after
120 h.

Any discernible change in the quality of indications shall be cause for rejection.
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C.3.10.2  Short term test

C.3.10.2.1 Equipment

A stirring arrangement similar to Figure C.2 shall be used.

a)  Speed of stirring blade: (3000 ° 5., ) rpm.

b) Stirring cup: Capacity 2 L.

c) Reference blocks type 1 and type 2 as detailed in Clause C.7.

d) UV-A source to give irradiance of 10 W/mz2, to the requirement of ISO 3059.
C.3.10.2.2 Procedure

Stir a 1 L sample for 2 h. Compare the indications on reference block Type 1 and Type 2 as is
defined in Clause C.7, produced by the stirred probe and the reference probe.

C.3.10.2.3 Requirements
Any discernible change in the quality of indications shall be cause for rejection.
C.3.11  Foaming

Foaming shall be checked during mechanical stability test to C.3.10.1 or C.3.10.2. Significant
foaming shall be cause for rejection.

c.3.12 pH

The pH of aqueous carrier liquids shall be determined according to ISO 4316. The value shall
be reported.

C.3.13  Storage stability
The expiry date shall be given by the producer and shall be marked on each original container.
C.3.14 Solids content

The recommended magnetic particle content in g/l of magnetic inks shall be given by the
supplier.

C.3.15 Sulphur and halogen content

For products designated low in sulfur and halogens, the sulfur and halogen content shall be
determined by a suitable method which is accurate to +10 mg/I (10 parts per million) at 200
mg/l (200 parts per million) of sulfur/halogens.

a) Sulfur content shall be less than 200 mg/l (200 parts per million)

b) Halogens content shall be less than 200 mg/I (200 parts per million) (halogens shall be
taken as chlorine + fluorine)
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C.4 Testreport

As agreed at the time of order, the manufacturer or the supplier of the magnetic particle testing
materials shall provide a certificate of compliance according to EN 10204.

Results of all tests required in Table C.1 shall be reported.

C.5 Packaging and labelling

Packaging and labelling shall be in accordance with all applicable national and local regulations.
Containers shall be compatible with the detection media. Containers shall be marked with the
following information:

a) product identification;

b) type of detection media;

c) batch number;

d) date of manufacture; and

e) expiry date.
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Table C.1. Testing requirements
Method
. Organic
Properties a?g r;tarlanstts 3;¥e_ction garg'?:rl © :3::::;“ f::g;"s“f’;
media liquid ready foruse | o Clause Standard/
Remarks
Performance Q/B Q/B/P Q/B/P Q/B/P C 3.1
Colour Q/B/P Q/B/P Q Q/B/P Q/B/P C3.2 by comparison
Particle size QB Q/B Q/B C3.3
Temperature resistance | Q Q Q Q Q C34
Fluorescence coefficient Q/B Q/B Q/B C3.5
Fluorescence  stability Q Q Q C3.5.1.3
Flash point QB Q/B Q/B C3.7 by comparison
Fluorescence of carrier QB QB Q/B C3.6
liquid
Corrosion on steel Q Q C3.8.1
Corrosion on copper Q Q c382 |10 2160
Viscosity Qaq QB QB c39 |1s03104
Mechanical stability:
short test QB QB 310
long term test QB Q Q C3.10
Foaming B QB aB C3.11
pH (aqueous produc.tls) Q C3.12 |1S0O 4316
23;%? & Halogset:bIIIty Q B B B €313
content B B B C3.15 | NOTE. Only

for products

designated low
in sulphur/

halogen

Q : type testing
B : batch testing
P :in service testing
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Dimensions in millimetres

Material: non
ferromagnetic steel
protected against

corrosion
Key
1 Motor 8
2 Clutch 9
3 Motor plate 10

4 Support ring distance setting 10 mm 11
from the bottom

5 Fixture by angle profiles 12
6 Spraying plate 13
7 Cup ISO 3819 - HF 2000 14

Gap dimensions
sn=2+05
s1,...,84 105
(s1 +s4)/2=2
0.2

Tolerances are
to be ensured in

the 4 blade
positions

4 stator plates, 2 mm thick — Height
of support ~ 170 mm

Axle

3 supports

Pilot ring

Felt

Basic plate

Blade

Figure C.2. Construction of the stirring arrangement to C.3.10.2
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C.6 Procedure for type, batch and in service testing

C.6.1 Preparation of the detection media

The detection media shall be prepared in accordance with the manufacturer's instructions.
C.6.2 Cleaning of the reference blocks

The reference block shall be cleaned by a suitable method to ensure that it is free from
fluorescent material, oxide, dirt and grease and has a water-break-free surface.

C.6.3 Application of the detection media

Detection media shall be applied to reference blocks type 1 and type 2 as detailed in Clause
C.7 in accordance with ISO 9934-1.

a) Spraying:3sto5s.

b) Specimen pitch angle: 45° £ 10°.

c) Spraying direction: 90° = 10° to the surface under examination.

C.6.4 Inspection and interpretation

C.6.4.1 Inspection

Test pieces shall be inspected under viewing conditions described in ISO 3059.
C.6.4.2 Interpretation

C.6.4.2.1 Type and batch testing

The test shall be carried out three times and an average of the results shall be used. Indications
shall be evaluated visually or by an equivalent measuring method.

C.6.4.2.1.1 Reference block type 1

The indications shall be compared to those produced by the reference detection media (e.g. by
a photograph). The result shall be reported.

C.6.4.2.1.2 Reference block type 2

The cumulative length of the indications shall be reported.

C.6.4.2.2 Batch testing

C.6.4.2.2.1 Reference block type 1

Indications shall be compared with those produced at the time type testing was carried out.

This can be achieved by any suitable method, for example, by use of a photograph or by using
retained suitable samples. The result shall be reported.
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C.6.4.2.2.2 Reference block type 2

The cumulative length of the indications shall be reported.

C.6.4.2.3 In-service testing

Using test block type 1 or type 2, the indications produced shall be compared with known results.
C.6.5 Contrast aid paint

Contrast aid paint shall be tested in accordance with C.6.1to C.6.4.2.1, except that the contrast

aid paint shall be applied in accordance with the manufacturer's instructions after cleaning the
reference test block (see C.6.2)

C.7 Reference blocks

C.7.1  Reference block type 1

C.7.1.1  Description

The reference block is a disc with two types of natural cracks in the surface as seen in Figure
C.3. It shall contain coarse cracks and fine cracks produced by grinding and stress corrosion.
The block is permanently magnetised by a central conductor through the hole. Evaluation of a
detection media is made by visual or other appropriated method of comparison of the
indications.

NOTE. Block Type 1 was described in a German patent: G 01 N 27/84 Auslegeschrift 23 57 220; this
patent expired on 1990.

C.7.1.2 Manufacturing

Material preparation: using steel (Grade 90MnCrV8), the surfaces shall be plane ground to
9.80 mm +0.05 mm then hardened at 860 °C + 10 °C for 2 h and quenched in oil to give a
surface hardness 63 HRC to 70 HRC.

Process: grind at a velocity of 35 m/s, using grit size 46J7 with infeed of 0.05 mm per surface,
indexing 2.0 mm. Black oxidise at 145 °C to 150 °C for 1.5 h.

Magnetisation: magnetisation shall be achieved using a central conductor and direct current
at a value of 1 000 A (peak).

C.7.1.3 \Verification
Initial assessment: fluorescent detection media shall be used and the results recorded.

Identification: each reference block shall be uniquely identified. A certificate stating its
conformance with ISO 9934-2 is supplied with the reference block.
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Dimensions in millimetres

Z ) /
‘,.f"
T\;\‘lr\"'

10,5 20,05
-t

L

9.7 +0,05 50 +0,05

Key
1 Grinding cracks
2 Stress-corrosion cracks

Figure C.3. Typical reference block type 1
C.7.2 Reference block type 2
C.7.2.1 Description
Reference block type 2 is a self-contained unit requiring no external magnetic field induction. It
comprises two steel bars and two permanent magnets as shown in Figure C.4. It shall be
calibrated such that the +4 mark represents +100 A/m and the -4 mark represents -100 A/m.
Indication lengths (LG and LD) give a measure of performance of the detection media.

Indications start at the ends and decrease towards the centre. Increased length shows better
performance. Results shall be the cumulative length of the left and right hand indications.
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Key
1 Spray direction
NOTE. At the centre, 2 steels bars: (10 x 10 x 100) mm with a gap of 0.015 mm.
Figure C.4. Reference block type 2
C.7.2.2 Manufacturing
C.7.2.2.1 Machine two square bars in steel grade C15 in accordance with EN 10083-2, 10

mm square and 100.5 mm + 0.5 mm in length. Machine a bar holder and two protective tips in
non-magnetic material to hold and protect the magnets (see Figure C.4).

C.7.2.2.2 Grind one face of each bar to Ra= 1.6 um and flatness < 5 pm. Caution: the
temperature of the bar should not exceed 50 °C.

C.7.2.2.3 Demagnetise the two bars.

C.7.2.2.4 Insert between the ground faces of the two bars a sheet of aluminium having a
thickness of 15 um, then place the set in the bar holder.

C.7.2.2.5 Clamp the bars in position.
C.7.2.2.6 Fit the magnets' protective tips.

C.7.2.2.7 Grind the upper surface of the assembly to Ra = 1.6 um.
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C.7.2.2.8 Remove the magnets' protective tips.

C.7.2.2.9 Insert the magnets (small door catch type: e.g. CF 12-6N 1) as shown by Figure
C.5. The shunts in steel with thickness of 0.2 mm are used to adjust the value of the magnetic
field.

Shunt

H

N
S

Figure C.5. Inserted magnets
C7.2.2.10 Assemble the magnets' protective tips.

C7.2.2.11 Engrave the upper face as shown in Figure C.6. Engraving shall not be closer
than 2 mm to the gap.

/ -4 0 +4
/

GAP
-4 G =-100 A/m +4 G =-100 A/m

Figure C.6. Engraving of reference block type 2
C.7.2.3 Verification

C.7.2.3.1 Using a tangential field strength meter, measure the field perpendicular to the
artificial defect at the +4 and -4 graduations.

C.7.2.3.2 Acceptance criteria

Value of the field at graduation -4 — 100 A/m + 10 %.

1 Magnet CF 12-6N produced by ARELEC company is an example of a suitable product commercially available. This
information is given for the convenience of users of this standard and does not constitute an endorsement by CEN of
the product named.

If these values are not satisfied, repeat the procedure from C.7.2.2.9 adjusting the field values with the shunts.
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Value of the field at graduation +4 — 100 A/m £ 10 %.
C.7.2.3.3 Identification
Each reference block type 2 is identified by a unique serial number.

A certificate stating its conformance with ISO 9934-2 is supplied with the reference block.

C.8 Corrosion testing of steel

C.8.1 Principle

The corrosive properties of detection media shall be determined by visual examination of the
corrosion traces left on a filter paper by granules previously impregnated with the liquid for
examination under specified conditions.

After the corrosion test, the manufacturer of magnetic particle testing products shall report the
conditions of the granules. It is, however, recommended to use granules permitting test
reproducibility.

If mutually agreed, the user can supply specific granules to the manufacturer to use in corrosion
testing of the magnetic particle testing products.

If these are not available or in case of a dispute, the granules defined in C.8.3 shall be used.
C.8.2 Apparatus

C.8.2.1 Petri dish made of glass, of 100 mm outside diameter.

C.8.2.2 Pipette with milliliters scale.

C.8.2.3 Round filter paper, 2 90 mm, with a 40 mm diameter circle inscribed on it with
indelible ink.

C.8.2.4 Stainless steel spatula.

C.8.2.5 Mesh 5 sieve in accordance with ISO 2591-1.

C.8.2.6 Balance accurate to 0.1 g.

C.8.3 Reagents and materials

C.8.3.1 Acetone.

C.8.3.2 Xylene.

C.8.3.3 Steel granules grade 2C40 (according to EN 10083-2), generally 2.5 mm x 2.5 mm.
C.8.3.4 Lamellar graphite general-purpose cast iron granules:

(S>0.18 %, P < 0.12 %) dry machined, approximately 2.5 mm x 2.5 mm)
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The granules shall be carefully degreased with xylene in an appropriate equipment.

C.8.3.5 Hard water

C.8.3.6 Different stock solutions shall be prepared.

a) Solution A: dissolve 40 g CaCl2*6H:0 in distilled water and complete to 1 L.

b) Solution B: dissolve 44 g MgSO4+7H20 in distilled water and complete to 1 L.

C.8.3.7 From these stock solutions, prepare three diluted solutions as follows:

a) 2.90 ml of solution A + 0.5 ml of solution B in 1 L of distilled water;

b) 10.7 ml of solution A + 1.7 ml of solution B in 1 L of distilled water; and

c) 19 ml of solution A + 3 ml of solution B in 1 L of distilled water.

C.8.4 Test procedure

C.8.4.1 Preparation of the solutions (100 ml)

Introduce successively into three 100 ml volumetric flasks the same test portion of the product
under examination. Dilute each test portion to the mark using waters of different hardnesses
(solutions a, b, ¢ prepared in C.8.3.7). Proceed similarly for the other two concentrations.

C.8.4.2 Preparation of the granules and filters

The degreased cast iron and steel granules shall first be visually inspected for rust deposits.
Prepare a set of filters bearing @ 40 mm concentric circles inscribed with an oil pencil.

The following is required to test each magnetic particle testing product:

a) nine filters for testing with steel granules (solutions with three different increasing
concentrations, prepared from waters with three different hardnesses); and

b) nine filters for testing with cast iron granules.
Sieve the granules to remove any undersized particles and traces of dust.

Place the prepared filters in the Petri dishes. Distribute 2 g + 0.1 g of granules over the
circumscribed area of each filter.

C.8.4.3 Corrosion testing

Wet the granules in each of the dishes using 2 ml of the relevant solution applied in one
application.

Repeat the operation for each solution with the steel and cast iron granules. Check that there
is no bubble under the filter paper, cover the Petri dishes.
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Leave the dishes at room temperature (23 + 1) °C for 2 h + 10 min, in a place protected from
drafts and sunshine.

At the end of this time interval, remove the granules by turning the filter paper upside down by
hand.

Rinse copiously with distilled water, dispensed from a water wash bottle, to remove any
granules adhering to the paper.

Dip twice in acetone, then dry at room temperature.

C.8.5 Interpretation of the results

The corrosion marks left on the filter paper after washing and drying shall be immediately
interpreted by visual examination without optical instruments. Figure C.7 is intended to facilitate

reading.

A quantitative evaluation of the stained surface can be made using a transparent (1 mm?2) paper
grid.

Table C.2. Grading of corrosion stains on the filter paper

Grade Meaning Surface description
0 no corrosion no stain
1 corrosion traces max. 3 stains of less than 1 mm diameter
2 low corrosion less than 1 % of the surface
3 average corrosion more than 1 % and less than 5 % of the surface
4 strong corrosion more than 5 % of the surface
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Figure C.7. Evaluation of corrosion marks

C.8.6  Expression of results

In case of uncertainties as to the grade, allocate the higher numbered grade. The results shall
be recorded together with:

a) identification of the tested sample;

b) product concentration and water hardness;

c) any required comment on the test; and

d) date.

C.8.7 Uncertainties

The applicability of the test results shall be assessed from tests of:

a) Repeatability

Two tests carried out by one operator under the same conditions are considered acceptable

and valid when the four values of the two measuring pairs do not differ by more than one scale
unit; and
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b) Reproducibility and precision
Two tests carried out in two different laboratories under reproducible analogous conditions are

considered acceptable and valid when the readings for the same measurements do not differ
by more than one scale unit.
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Annex D
(normative)

Viewing conditions

D.1 Scope

This annex describes the control of the viewing conditions for magnetic particle testing. It
includes minimum requirements for the illuminance and UV-A irradiance and their
measurement. It is intended for use when the human eye is the primary detection aid.

D.2 Safety precautions

All relevant international, regional, national and local regulations including health and safety
shall be taken into account (e.g. optical radiation directives).

Care shall be taken to minimise exposure of personnel to harmful optical radiation. Exposure
to UV radiation below 330 nm shall be avoided (e.g. from damaged or cracked filters) and
exposure to high levels of other potentially harmful radiation (e.g. 365 nm or visible radiation
from white light LEDs, which have a high proportion of blue light) should be minimised. The eye
is particularly at risk.

D.3 Colour contrast techniques

D.3.1  Light sources

Inspection shall be carried out in daylight or artificial white light. Where artificial sources are
used, the colour temperature shall not be below 2 500 K; it is recommended to use sources
above 3 300 K. Consult the lamp manufacturer’s information to confirm the colour temperature.
Lighting conditions affect detection capability. The best conditions are when the surrounding
area has some background light. Light reaching the inspector’s eyes directly or indirectly from
the light source or as a result of the limited screening of other sources should be avoided.
Sources may not reach a steady state immediately and shall be allowed to stabilise before use.
The light output can vary, e.g. due to ageing of the light source or deterioration of the reflector.
The test surface shall be illuminated evenly. Glare and reflections shall be avoided.

NOTE. Failure of a single LED within an array can cause uneven illumination.

D.3.2 Measurements

The illuminance at the test surface shall be determined by means of an illuminance meter under
working conditions. The response of the meter shall be similar to the photopic response of the
human eye (as specified in IEC 60050-845).

NOTE. CIE 069 [1] provides further information on evaluation of light meters.
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D.3.3 Requirements

For inspection, the illuminance at the test surface shall be 500 Ix or greater. In some cases, a
minimum of 1 000 Ix may be required.

Permanently tinted spectacles, neutral density glasses or those which darken under inspection
conditions shall not be worn, except for techniques involving white background and very high
levels of daylight (generally above 20 000 Ix) which can reduce indication detectability. In this
case, the use of neutral density glasses is permitted. Care shall be taken under such conditions.

D.4 Fluorescent techniques

D.4.1  Ultraviolet radiation

Testing shall be carried out with UV-A radiation using a source with a maximum intensity at
(365 £ 5) nm and a full width at half maximum (FWHM) of 30 nm. It is important to minimise
visible background light incident upon the component or light reaching the inspector’s eyes
directly or indirectly from the UV-A source or as a result of the limited screening of other sources.
Sources may not reach a steady state immediately and shall be allowed to stabilise before use.
The UV-A irradiance can vary, e.g. due to ageing of the light source or deterioration of the
reflector or filter.

The test surface shall be irradiated evenly.

NOTE. Failure of a single LED within an array can cause uneven irradiation.

Typical examples of light sources are mercury discharge lamps, halogen lamps, xenon lamps,
and LED arrays.

D.4.2 Measurements

Measurements shall be carried out when the lamp output has stabilised (not less than 10 min
after switching on).

For measurement of illuminance, see D.3.2. The reading from the illuminance meter shall not
be affected by UV-A irradiance.

D.4.3 Requirements

For inspection, the UV-A irradiance shall be 10 W/m2 (1 000 pyW/cm?2) or greater and the
illuminance 20 Ix or less on the test surface. The measurements shall be carried out under
working conditions with the UV-A source turned on and stabilised.

Permanently tinted spectacles or those which darken under inspection conditions shall not be
worn. For penetrant testing, the combination of high level and long duration of UV-A irradiance
should be avoided, generally not more than 50 W/m?2 (5 000 pyW/cm?).

There shall be no glare or other source of visible light or UV-A radiation within the operator’s
field of vision.

Ambient visible light levels shall be 20 Ix or less.
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D.5 Visual acuity

The visual acuity of NDT personnel shall be adequate for the NDT task carried out and shall
meet the requirements of ISO 9712.

D.6 Calibration

The working range of irradiation and illuminance meters shall be calibrated at the
manufacturer’'s recommended frequency using equipment and a system which are traceable to
a national, European or International Standard. This period shall not exceed 12 months. The
calibration of the UV-A irradiation meter shall be carried out with narrow band radiation at a
wavelength of 365 nm. Maintenance of or damage to the meter shall necessitate calibration.
When detachable sensors and readout units are used, calibration shall be carried out on the
entire system (readout unit and sensors). The calibration shall be documented by a certificate.
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125 %

105 %
100 %

75 %

50 %

Relative spectral response

25 %

10 %

2%
0%

Wavelength A

Relative spectral response is the ratio of the response of the sensor to radiation of a given
wavelength (A) to the response at 365 nm.

The relative spectral response curve for a suitable sensor shall not enter the shaded area. A,
B, C and D in the figure denote limits corresponding to the following requirements:

A

B
C
D

The relative spectral response shall not exceed 105 % for any wavelength;
The peak relative spectral response shall occur between 355 nm and 375 nm;
The relative spectral response at a wavelength of 313 nm shall be less than 10 %; and

The relative spectral response at a wavelength of 405 nm shall be less than 2 %.

The curve shown is an example of one produced by an acceptable meter.

Figure D.1. Spectral response of UV-A irradiation meter
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