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Introduction to Magnetic Particle Inspection

Magnetic particle inspection (MPI) is a nondestructive testing method used for defect detection. MPI is fast
and relatively easy to apply, and part surface preparation is not as critical as it is for some other NDT
methods. These characteristics make MPI one of the most widely utilized nondestructive testing methods.

MPI uses magnetic fields and small magnetic particles (i.e.iron filings) to detect flaws in components. The
only requirement from an inspectability standpoint is that the component being inspected must be made of a
ferromagnetic material such as iron, nickel, cobalt, or some of their alloys. Ferromagnetic materials are
materials that can be magnetized to a level that will allow the inspection to be effective.

The method is used to inspect a variety of product forms including castings, forgings, and weldments. Many
different industries use magnetic particle inspection for determining a component's fitness-for-use. Some
examples of industries that use magnetic particle inspection are the structural steel, automotive,
petrochemical, power generation, and aerospace industries. Underwater inspection is another area where
magnetic particle inspection may be used to test items such as offshore structures and underwater pipelines.

Basic Principles

In theory, magnetic particle inspection (MPI) is a relatively simple

concept. It can be considered as a combination of two nondestructive . - Tli—e
testing methods: magnetic flux leakage testing and visual testing. . § /Z-— "
Consider the case of a bar magnet. It has a magnetic field in and__
around the magnet. Any place that a magnetic line of force exits or -7
enters the magnet is called a pole. A pole where a magnetic line of ~ * ~ -ims e om0
force exits the magnet is called a north pole and a pole where a line of ST T

force enters the magnet is called a south pole.

When a bar magnet is broken in the center of its length, two complete bar magnets with magnetic poles on
each end of each piece will result. If the magnet is just cracked but not broken completely in two, a north and
south pole will form at each edge of the crack. The magnetic field exits the north pole and reenters at the south
pole. The magnetic field spreads out when it encounters the small air FLUX LEAKAGE
gap created by the crack because the air cannot support as much N
magnetic field per unit volume as the magnet can. When the field
spreads out, it appears to leak out of the material and, thus is called a
flux leakage field.

If iron particles are sprinkled on a cracked magnet, the particles will
be attracted to and cluster not only at the poles at the ends of the
magnet, but also at the poles at the edges of the crack. This cluster of particles is much easier to see than the
actual crack and this is the basis for magnetic particle inspection.
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The first step in a magnetic particle inspection is to magnetize the component that is to be inspected. If any
defects on or near the surface are present, the defects will create a leakage field. After the component has been
magnetized, iron particles, either in a dry or wet suspended form, are applied to the surface of the magnetized
part. The particles will be attracted and cluster at the flux leakage fields, thus forming a visible indication that
the inspector can detect.

Portable Magnetizing Equipment for
Magnetic Particle Inspection

To properly inspect a part for cracks or other defects, it is important to become familiar with the different
types of magnetic fields and the equipment used to generate them. As discussed previously, one of the
primary requirements for detecting a defect in a ferromagnetic material is that the magnetic field induced in
the part must intercept the defect at a 45 to 90 degree angle. Flaws that are normal (90 degrees) to the
magnetic field will produce the strongest indications because they disrupt more of the magnet flux.
Therefore, for proper inspection of a component, it is important to be able to establish a magnetic field in at
least two directions. A variety of equipment exists to establish the magnetic field for MPI. One way to classify
equipment is based on its portability. Some equipment is designed to be portable so that inspections can be
made in the field and some is designed to be stationary for ease of inspection in the laboratory or
manufacturing facility. Portable equipment will be discussed first.

Electromagnets
Today, most of the equipment used to create the magnetic Current Carrying
field used in MPI is based on electromagnetism. That is,
using an electrical current to produce the magnetic field.
An electromagnetic yoke is a very common piece of =

. . . . . [ agnetic Flux
equipment that is used to establish a magnetic field. It is =" InLegs of Yoke
basically made by wrapping an electrical coil around a = [ [
piece of soft ferromagnetic steel. A switch is included in | | - Tl

the electrical circuit so that the current and, therefore, the™ | :-'j':_.--::'__".\'\-:-__--.-.--._-_:v.- I8
magnetic field can be turned on and off. They can be S L] et Sl
powered with alternating current from a wall socket or by.. gt g
direct current from a battery pack. This type of magnet ™~ ————— N__. Magnetic Flux
generates a very strong magnetic field in a local area where Indication I Fart

the poles of the magnet touch the part being inspected.

Some yokes can lift weights in excess of 40 pounds.

Magnetic Particles

As mentioned previously, the particles that are used for magnetic particle inspection are a key ingredient as
they form the indications that alert the inspector to defects. Particles start out as tiny milled (a machining
process) pieces of iron or iron oxide. A pigment (somewhat like paint) is bonded to their surfaces to give the
particles color. The metal used for the particles has high magnetic permeability and low retentivity. High



magnetic permeability is important because it makes the particles attract easily to small magnetic leakage
fields from discontinuities, such as flaws. Low retentivity is important because the particles themselves never
become strongly magnetized so they do not stick to each other or the surface of the part. Particles are available
in a dry mix or a wet solution.

Suspension Liquids

Suspension liquids used in the wet magnetic particle inspection method can be either a well refined light
petroleum distillate or water containing additives. Petroleum-based liquids are the most desirable carriers
because they provided good wetting of the surface of metallic parts. However, water-based carriers are used
more because of low cost, low fire hazard, and the ability to form indications quicker than solvent-based
carriers. Water-based carriers must contain wetting agents to disrupt surface films of oil that may exist on the
part and to aid in the dispersion of magnetic particles in the carrier. The wetting agents create foaming as the
solution is moved about, so anti-foaming agents must be added. Also, since water promotes corrosion in
ferrous materials, corrosion inhibitors are usually added as well.

Petroleum based carriers are primarily used in systems where maintaining the proper particle concentration is
a concern. The petroleum based carriers require less maintenance because they evaporate at a slower rate than
the water-based carriers. Therefore, petroleum based carriers might be a better choice for a system that gets
only occasional use or when regularly adjusting the carrier volume is undesirable. Modern solvent carriers are
specifically designed with properties that have flash points above 200°F and keep nocuous vapors low.



