NON-DESTRUCTIVE
TESTING
METHODS

Main advantages
 lobal method;
G
Detection of all open-to-surface discontinuities;
Inspection of part with lengths from about one centimetre to several meters;
Quite fast and inexpensive inspections;
High resolution;
Robust equipment, which can be used in harsh environments.

     

ADVANTAGES
OF THE
METHOD

Main limitations



  

Inspection limited to ferromagnetic parts;
Not fully automated method;
Subsurface discontinuities detection sometimes difficult (according to their sizes, their
depths, etc.);
Requires using water- or oil-based chemicals.
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Valid Standards.
NF EN 1330-7
Non-destructive testing Terminology - Part 7: Terms used in
magnetic particle testing.

NF EN ISO 9934-1
Non-destructive testing - Magnetic
particle testing - Part 1: General
principles.

NF EN ISO 3059
Non-destructive testing Penetrant testing and magnetic
particle testing - Viewing
conditions.

NF EN ISO 9934-2
Non-destructive testing - Magnetic
particle testing - Part 2: Detection
media.

NF EN ISO 9934-3
Non-destructive testing - Magnetic
particle testing-- Part 3: Equipment.
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the major NDT methods, further to being one of the oldest
ones. Magnetic particle testing is used to detect surface
breaking-surface or discontinuities just below the surface
(under certain conditions down to some millimetres deep),
exclusively on ferromagnetic materials.

 Fields

Operating techniques

Magnetic particle pesting consists in magnetizing
the part to be inspected using a sufficiently high
magnetic field. In the presence of a discontinuity, the
magnetic-field lines are distorted, which generates
a «field of magnetic leakage,» also called «magnetic
flux leakage.»

Magnetic particle testing may be performed as per
several ways:



 ontinuous technique or residual technique;
C
Magnetization by current or magnetic flow technique;
Longitudinal, transversal or multidirectional
magnetization ;
So-called “combined technique,» in which a transverse magnetization and a longitudinal magnetization are performed in a row, without any inspection in between;
Direct current (DC), half wave (HWDC) or Full
wave (FWDC) rectified direct current, alternative
current (AC), full wave rectified direct current
(FWDC) (three phases), etc;
Either dry or wet technique.



1 999: magnetic bench comes with «recipes» and
an automatic programmable logic controller (PLC);
2002: non-contact magnetization technique by
induced current flow;
2004: computerization of the control desk.
User-friendly and adaptable touch screen. Recorded automatic settings. Adjustable current
control.







After inspection, depending on the future use of the
part, its demagnetization may be required.

The equipment used for the magnetization are: the
permanent magnets, the hand-held electromagnets,
the current generators, the magnetic benches and
the specialized testing systems.
Demagnetization of parts, when required, is performed using a demagnetizing unit or any other appropriate device or technique.
Magnetic particle testing came along the years with
a lot of very important improvements:
1985: magnetic bench comprising a thyristor-controlled infinitely adjustable current and digital display and timers;
By mid ’90: multidirectional magnetization produced
through AC magnetic heads on a magnetic bench;
1993: non-contact MT technique using multidirectional magnetization in 2D or 3D chambers;
From 1995 on, in France: an increasing use of AC
magnetic heads and a growth of the market share
of magnetic benches using the multidirectional
magnetization technique;
1997: first magnetic bench including computer-controlled process (better reliability and repeatability);



The indications are all the better detected when they
are perpendicular to the lines of the magnetic field.
To assure of the detecting all the discontinuities on
the surface of a part, two successive magnetizations
orthogonal to each other are needed. Longitudinal
magnetization enables the detection of the transverse discontinuities (± 45°), and transverse magnetization, the longitudinal discontinuities (± 45°).



These indications are viewed, in suitable conditions,
either under artificial white light or daylight, or under
ultraviolet (UV-A) radiation or actinic blue light, depending on the type of detection medium which is
used.



A detection medium is applied onto the surface to be
inspected during the magnetization (simultaneous
technique) or after magnetization (residual technique). The magnetic particles of the black, coloured
and/or fluorescent are attracted right above the discontinuity by magnetic forces to display indications.

 

Principle of the method



application



MAGNETIC PARTICLE TESTING

TO LOCATE
SURFACE-BREAKING
AND JUST-BELOW-THESURFACE DISCONTINUITIES
OF THE MATERIAL
TO BE TESTED

You may find additional pieces of information underneath:
Multidirectional magnetization technique:
This technique enables to obtain on the part a resultant rotating-very-quickly vector of magnetization.
It is generally achieved by using out-of-phase feed
currents: a phase generates a magnetization in one
direction while the second phase generates another
magnetization in another direction slightly perpendicular. Due to the delay between phases, the magnetization vector scans all the directions (360°). This process may be implemented on a magnetic bench or in
a non-contact magnetization chamber.
Non-contact technique by induced current flow:
This technique consists in generating a current into
a generally ‘‘closed’’ part forming an electric circuit
on itself (ring or pipe-shaped part, for instance) and
in considering this electrical circuit as the secondary
of a transformer. The primary circuit is a cable, going
through the hole of the part. The primary of the transformer is generally the magnetic circuit or the electromagnet of the magnetic bench.
Nowadays, if the multidirectional magnetization technique on a magnetic bench remains the most widely
used (mainly for cost reasons), the swinging field in a
chamber is preferred for some applications. As for the
induced current, it is still expensive and therefore, rarely used, but it is likely that the situation will change in
the years to come.

Magnetic particle testing is therefore,
a method widely used in the NDT
field, and especially, in areas such
as transport (aerospace, automotive,
railways, ski lifts), energy (oil, thermal,
hydroelectric, nuclear), metal
works, ironworks (casting, forging),
mechanics, food (sugar refineries,
etc.), cement works, chemicals
manufacturing plants, Defence,
amusement rides, underwater
inspection, etc. during manufacturing
as well as for maintenance. Magnetic
particle testing enables the inspection
of iron, cast iron, steel forgings parts,
welds, plates, pipes... well, any simpleor complex-shaped parts, provided
that the material that they are made of
is ferromagnetic.
Magnetic particle testing comes as a
complement to ultrasonic testing or
Eddy current testing. Where ultrasonic
testing detects discontinuities located
at a certain depth, magnetic particle
testing detects all the surfacebreaking discontinuities (down to a
few micrometres wide), and some
subsurface discontinuities. Contrary
to Eddy current testing, it is lowly
sensitive to the effects of geometry,
and it is not limited to a local
inspection.
Magnetic particle testing is indeed one
of the methods known as «global,»
which allows for the inspecting a
whole part at once. Relatively fast
inspections are performed on tenmillimetre long screws as well as
on crankshafts of Diesel-electric
locomotive or on aircraft landing
gears.

