
















































































Figure 2-2.  Effects of flux direction

Figure 2-3.  Circular magnetization
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Figure 2-4.  Circular magnetic field in a part

b. Circular Magnetization Using a Central Conductor.  On parts that are hollow or tubelike, the
inside surfaces are as important to inspect as the outside.  When such parts are circularly magnetized by
passing the magnetizing current through the part, the magnetic field on the inside surface is negligible.
Since there is a magnetic field surrounding the conductor of an electric current, it is possible to induce a
satisfactory magnetic field by placing the part on a copper bar or other conductor.  Passing current
through the bar induces a magnetic field on both the inside and outside of the part.  When using a central
bar conductor, alternating current is only to be used when inspecting for surface discontinuities on the
inside circumference of the part (Figure 2-5).

8. Longitudinal Magnetization.  When a part made of magnetic material is placed inside a coil, the
magnetic lines of force created by the magnetizing current concentrate themselves in the part and induce
a longitudinal magnetic field.  If there is a transverse discontinuity in the part, small magnetic poles are
formed on either side of the crack.  These poles will attract magnetic particles, forming an indication of
the discontinuity.  Compare Figure 2-4 and Figure 2-6 and note that in both cases a magnetic field has
been induced in the part which is at right angles to the defect.  This is the most desirable condition for
reliable inspection (Figure 2-6).
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Figure 2-5.  Circular magnetization using a central conductor

Figure 2-6.  Longitudinal magnetization

9. Magnetizing Equipment.  Considerations involved in the selection of magnetic particle inspection
equipment include the type of magnetizing current and the location and nature of inspection.
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a. Stationary Equipment.  Stationary equipment primarily uses AC.  These units are located at
fixed base units (Figure 2-7).

Figure 2-7.  Stationary equipment

b. Portable Equipment.  Basically, portable equipment operates on the same principle as
stationary equipment.  It is suitable for examining small areas in large components where suspected
cracks may be found.  Most portable equipment can be moved to the aircraft and inspection performed
without removal of components.

(1) Electromagnetic Probe Yoke.  Electromagnetic probe yokes are U-shaped cores of soft
iron with a coil wound around the base of the U.  When alternating current or rectified alternating
current is passing through the coil, the two ends of the core are magnetized with opposite polarity.  The
combination is an electromagnetic probe yoke, similar to a permanent horseshoe magnet.  A probe yoke
may be used to induce only a LONGITUDINAL FIELD in a part.  No electrical current passes through
the part.  Electromagnetic probe yokes are located at the nondivisional and divisional AVIM shop sets
(Figure 2-8).

2-8 AL0917



Figure 2-8.  Electromagnetic probe yoke

(2) Hand Held Coil.  The hand held coil is used for longitudinal magnetization of shafts, spindles, rear
axles, and similar small parts.  Note that the magnetic field produced is the same as the electromagnetic
probe yoke (Figure 2-9).

10. Preinspection Cleaning.  Parts or surfaces should be clean and dry before they are subjected to any
magnetic particle inspection process.  The cleaning process used must not affect the part in any way that
will reduce the effectiveness of the inspection process.  The cleaning process is required to remove all
contaminants, foreign matter, and debris that might interfere with the application of current or the
deposit of the magnetic particles on the test surface.

a. Cleaning Process Residues.  Residues from cleaning processes can remain on the part surface
and become contaminants.  Paint removers can leave sticky residues which either trap particles or
contaminate recirculating baths.
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Figure 2-9.  Hand held coil

Alkaline cleaner residues can loosen the binder holding fluorescent dye to the magnetic particles.  All
cleaning residues must be removed before inspecting parts or components.  Moisture from cleaning
processes and liquids from vapor degreasers or solvent cleaners are also contaminants.  All parts must be
clean and dry before the inspection process takes place.

b. Painted or Plated Surfaces.  Paint or plating on the surface of a part has the effect of making a
surface defect behave like a subsurface defect.  If fine cracks are suspected, the surface should be
stripped of the coating if its thickness exceeds 0.005 inch.  Most coatings of cadmium, nickel, or
chromium are usually thinner than this, and the plating makes an excellent background for viewing
indications.

c. Service Contaminates.  Dirt, rust, loose scale, or paint and oil, or grease should be removed.
The part should be free of oil contaminates that can dissolve into the inspection bath which will
substantially reduce its effective life.  Insoluble particle contaminants on the surface such as rust, sand,
or grit do not lower inspection sensitivity.  They can, however, accumulate in a recirculating wet bath to
the point where they can hide the contrast of indications and force the bath to be discarded sooner than
normal.
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11. Post-Inspection Cleaning.  The magnetic particle inspection process leaves behind at least a
scattering of magnetic particles which are abrasive.  This may or may not be harmful to the later reuse of
the part subjected to the inspection process.  Where this slight residue cannot be tolerated, it must be
removed.  In the event that a functional material such as oil, grease, or antiseize compound is removed
from the part to facilitate inspection, the same material shall be reapplied after the part has been
inspected.

12. Selection of Amperage.  The application of any rule-of-thumb amperage figure is fairly
straightforward in the case of uniform cylindrically shaped parts.  On parts having complicated shapes
such as irregular forging, machinery parts, weldments, or castings, the use of any rule-of-thumb
amperage figure is not practical.  In these cases the operator must rely on judgement and past experience
to aid him in the selection of the optimum amperage.  Experience with similar parts which do have
discontinuities is especially helpful in this respect.  Too low an amperage may produce leakage fields
too weak to form readily discernible indications.  Too high an amperage creates a heavy background
accumulation of particles which may mask an indication.  In circular magnetization, too high an
amperage may burn current contact points of a part.

a. Circular Magnetization.  Circular magnetization is used for the detection of radial
discontinuities around edges of holes or openings in parts.  It is also used for the detection of
longitudinal discontinuities which lie in the same direction as the current flow, either in a part or in a
part which a central conductor passes through.

(1) Direct Contact.  Generally, the diameter of the part shall be taken as the largest distance
between any two points on the outside circumference of the part.  In highly permeable material, lower
amperage per inch of diameter will produce an adequate field strength within the part.  Normally,
currents will be 500 amperes per inch of part diameter.

(2) Central Conductor.  Keep in mind that the magnetizing field strength around a central
conductor decreases with distance away from the conductor with the strongest flux field being present at
the surface inside the central conductor's hole.  When using a central bar conductor, alternating current is
only to be used when inspecting for surface discontinuities on the inside circumference of the part.
Normally currents will be 1000 amperes per inch of wall thickness.  If only the inside surface is to be
inspected, the diameter shall be the largest distance between two points, 180 degrees apart, on the inside
circumference.  The central bar conductor should have an outside
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diameter as close as practically possible to the inside diameter of the hole of the part that is being
inspected.  Use the following formula to determine the number of times the part must be rotated, in
equal degrees, and remagnetized/reinspected to ensure a complete inspection has been performed.

b. Longitudinal Magnetization.  Longitudinal magnetization is used for the detection of
circumferential discontinuities which lie in a direction transverse to, or at approximately right angles to,
a part's axis.  Circumferential discontinuities around a cylinder, for example, are detected by
magnetizing the cylinder longitudinally in a direction parallel with its axis.  A portion of the longitudinal
field will cross the discontinuities creating leakage fields which can capture and hold magnetic particles
to form indications at the discontinuities.

(1) Effective Magnetizing Field.  The effective magnetizing field produced by a coil extends
approximately 6 to 9 inches on either side of the coil center.  For parts longer than the effective field
distance, more than one inspection along the entire length will be required.  When repositioning these
longer parts in the coil, allow a 3 inch effective field overlap.  A part that is 18 inches long would not be
repositioned in coil, whereas a part that is 30 inches long would be positioned at 15-inch intervals in the
coil.

(2) L/D Ration.  To find the length to diameter ratio, measure the part's length and divide by
the part's largest diameter.  This ratio of the part should be greater than 3, but less than 15 for the rule-
of-thumb formulas to be accurate.  Coil amperages become impractically large for L/D ratios of 3 or
less.  Small ratios of 3 or less can be effectively increased by using pole pieces of magnetic material.
The pole pieces must be made from laminated magnetic material similar to the silicon steel legs of a
hand probe with articulated legs.  All three pieces must be lined up in the direction of the applied field or
coil's axis.  Very long parts having L/D ratios greater than 15
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should receive multiple inspections along the length of a part.  The most effective field in a part extends
about 6 to 9 inches on each side of a coil.

(3) Cross-Sectional Area.  It is critical to determine the relationship between the cross-
sectional area of the part and the cross-sectional area of the coil.  This relationship/ratio will determine
whether the part can be inspected within a coil of a given diameter by lying the part in the bottom or
next to the side of the coil wall or by centering the part in the coil and which formula will be used for
estimating the amperage required.  The cross-sectional area for the part and coil are determined using
the formula A=  R2, where:

(a) When the cross-sectional area of the part is less than one tenth the cross-sectional area
of the coil, the part should be magnetized lying in the bottom of the coil.

(b) When the cross-sectional area of the part is greater than one tenth the cross-sectional
area of the coil, the part must be magnetized in the center of the coil.

(c) When using a cable wrap or when the cross-sectional area of the part exceeds one half
the cross-sectional area of the coil, the part should be centered in the coil.  The formula for high-fill
factor coils SHALL be used for estimating the required amperage.

(4) Formula for Part Lying in Bottom of Coil.  This formula should be used when the cross-
sectional area of the part is less than one tenth the cross-sectional area of the coil.  This formula SHALL
be used whenever the part is lying in the bottom of the coil or is placed next to the coil wall during
magnetization.  If the part has hollow portions, replace D with Deff (see subparagraph 7).
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(5) Formula for Part in Center of Coil.  This formula SHALL be used when the cross-
sectional area of part is greater than one tenth and less than one half the cross-sectional area of the coil.

(6) Formula for Cable Wrap or High-Fill Factor Coil.  This formula SHALL be used when
the cross-sectional area of the part is greater than one half the cross-sectional area of the coil.  The part
should be placed in the center of the coil.

(7) Formula for the Effective Diameter (DEFF).  If the part is hollow or has hollow portions,
replace the diameter (D) with the effective diameter (DEFF).
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13. Inspection Media Materials.

a. Magnetic Particles.  There are two basic classes of magnetic particles available for use.  The
wet method particles use a liquid vehicle; the dry method particles are borne by air.  Either water or oil
may be used as a liquid vehicle for the wet method.  The wet particles are best suited for the detection of
fine surface cracks such as fatigue cracks.  For field applications, aerosol cans of magnetic wet bath are
employed.

(1) Dry Powder Method.  The dry powder method is primarily used for the inspection of
welds and castings where the detection of defects lying wholly below the surface is considered
important.  Dry powder method shall not be used on aircraft or turbine engine parts without specific
approval of the appropriate engineering authority for the individual inspection requirements.

(2) Wet Visible Method.  This is available as a reddish brown or black powder in an oil or
water bath.  The wet visible method shall not be used on aircraft or turbine engine parts without specific
approval of the appropriate engineering authority for the individual inspection requirements.

(3) Wet Fluorescent Method.  The fluorescent particle method is faster, more reliable, and
more sensitive to very fine defects than the visible colored particle method in most applications.
Indications are easier to detect, especially in high-volume testing.  In addition, the fluorescent method
has all the other advantages possessed by the wet visible suspension technique.  Wet fluorescent method
is the only method authorized for use on aircraft.

b. Suspension Characteristics.

(1) Oil Suspension.  The oil should have very definite properties to be suitable for bath
purposes.  It should be a well-refined, light petroleum distillate of low viscosity, odorless, with a low
sulphur content, with a high flash point, and a fairly high, narrow boiling range.

(2) Water Suspension.  Water is initially cheaper, but additions shall be made before it is a
suitable medium for suspending the wit magnetic particles.  Wetting agents, anti-foaming materials,
corrosion inhibitors, suspending and dispersing agents are all necessary and must be carefully
controlled.  In order to assure proper control of the water conditioners, water as a suspending liquid shall
not be used unless water chemistry services are available.  Use of water baths is prohibited on cadmium-
plated steels with tensile strength above 180 KSI.
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(3) Bath Concentration.  The optimum range for most magnetic particle bath concentrations
is 0.15 to 0.20 ml/100 ml for fluorescent particles.  The bath strength for oil bath suspensions should be
checked daily prior to use and after every 8 hours of continuous operation.  A 100 ml centrifuge tube is
used for this test (Figure 2-10).

Figure 2-10.  Centrifuge tube

14. Lighting and Facilities.  The requirements are the same for magnetic particle inspections as the
liquid penetrant inspections (See page 1-23, paragraph 29).

15. Demagnetization.  Parts fabricated from ferromagnetic material retain a certain amount of residual
magnetism (or remanent field) after application of a magnetizing form.  This does not affect the
mechanical properties of the part.  However, it is necessary to reduce the residual magnetism retained in
a part by demagnetization.  Ferromagnetic air frame parts are demagnetized to prevent magnetic flux
from affecting instrumentation.
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a. Demagnetization Process.  Demagnetization is the process of removing the magnetic field
from a part.  This is done by passing the part through a coil with electric current flowing through it.  Do
not get this confused with longitudinal magnetism as they are not the same.  There are two methods of
doing this, one using alternating current, and the other using direct current.  In theory a bar of iron or
other metal is made up of a number of small particles with their own permanent magnetic fields.  In the
bar of iron that is unmagnetized, the particles are arranged in random fashion so the magnetic fields of
the particles tend to cancel out each other.  In the magnetizing process, the particles are arranged in the
same direction by another magnet.  But in the demagnetization process that uses alternating current, the
induced magnetic field continually reverses itself as the part is placed in the coil and then drawn away
slowly, or slowly reduce the current.  As the current is reversing, the magnetic particles inside the metal
are being scrambled.  When the part is drawn away, or when current flow reaches zero, the part is no
longer magnetized (Figure 2-11).

b. Field Indicator.  When a field indicator is placed in a magnetic field, it indicates the strength
of that portion of the magnetic field which passes through the sensing element of the indicator.  The
indicator gives an indication of magnetizing force of the leakage field passing through its sensing
element rather than the flux density in the part from which the leakage field emanates.  Field indicators
being used in support of magnetic particle inspections SHALL be kept away from the influence of
magnetizing or demagnetizing magnetic flux (Figure 2-12).

16. Interpretation and Evaluation.

a. Indication.  In magnetic particle inspection an indication is an accumulation of magnetic
particles being held by a magnetic leakage field to the surface of a part.  The indication may be caused
by a discontinuity (an actual void or break in the metal), or it may be caused by some other condition
that produces a leakage field.

b. Basic Steps of Inspection.

(1) Producing an indication on a part.

(2) Interpreting the indication.

(3) Evaluating the indication.
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Figure 2-11.  Demagnetization process

c. Interpreting the Indication.  After the indication is created, it is necessary to interpret that
indication.  Interpretation is the deciding of what caused that indication, what magnetic disturbance has
attracted the particles in the particular pattern found on the part.  If the operator knows something about
metal processing, it is possible to determine from the appearance and location of an indication the cause
of the indication.

d. Nonrelevant Indications.  It is possible to magnetize parts of certain shapes in such a way that
magnetic leakage fields are even though there is no discontinuity in the metal at
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Figure 2-12.  Field indicator

part of the metal at that point.  Such indications are sometimes called erroneous indications or false
indications.  They should be called "nonrelevant indications" since they are actually caused by distortion
of the magnetic field.  They are real indications; but, since there is no interruption in the metal, they do
not affect the usefulness of the part.  It is important that the operator know how and why these
nonrelevant indications are formed and where to look for them on the parts being inspected.

e. Elimination of Nonrelevant Indications.  Although nonrelevant indications can be recognized
in most cases, they do not tend to increase the inspection time and, under certain conditions, may mask
or cover up indications of actual defects.  Therefore it is desirable to eliminate them whenever possible.
In most cases nonrelevant indications occur when the magnetizing current is higher than necessary for a
given part.  The proper procedure is to demagnetize and reinspect using a lower value of magnetizing
current.  Care must be taken not to reduce the current below the value required to produce indications of
all
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actual discontinuities.  Where there are abrupt changes of section, two inspections may be required: one
at a fairly low amperage to only inspect the areas at the change in section, the other at a higher current
value to inspect the remainder of the part.
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LESSON 2

PRACTICE EXERCISE

The following items will test your grasp of the material covered in this lesson.  There is only one correct
answer for each item.  When you complete the exercise, check your answer with the answer key that
follows.  If you answer any item incorrectly, study again that part of the lesson which contains the
portion involved.

1. Which magnetic field is produced by the electromagnetic probe yoke?

A. Circular.
B. Longitudinal.
C. Parallel.
D. Multidirectional.

2. What direction is the magnetic lines of force in relation to the electric current flow?

A. Parallel to the length of the part.
B. Rapid alternation of field direction.
C. In the same direction.
D. At an angle of 900°.

3. Which type of current is best suited for detecting surface discontinuities on the inside
circumference of a part?

A. Alternating.
B. Direct.
C. Halfwave.
D. Rectified.

4. What must be done to a painted part, if the coating does not exceed 0.0005 inch, prior to a
magnetic particle inspection?

A. Acid dipped.
B. Cleaned and dried.
C. Paint removed.
D. Sand blasted.
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5. What is the effective magnetizing field on either side of the coil center?

A. 3 to 6 inches.
B. 3 to 9 inches.
C. 6 to 9 inches.
D. 15 to 18 inches.

6. Which magnetic particle method is the only method authorized for use on aircraft?

A. Dry powder.
B. Wet visible.
C. Oil suspension.
D. Wet fluorescent.
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LESSON 2

PRACTICE EXERCISE

ANSWER KEY AND FEEDBACK

Item Correct Answer and Feedback

1. B. Longitudinal.

A probe yoke maybe used to induce only a longitudinal field in a part.  (page 2-8, para
9b[l])

2. D. At an angle of 90°.

The magnetic flux lines are always at an angle of 900 to the flow of the magnetizing
current.  (page 2-4, para 6)

3. A. Alternating.

When using a central bar conductor, alternating current is only to be used when inspecting
for surface discontinuities on the inside circumference of the part.  (page 2-6, para 7b)

4. B. Cleaned and dried.

All parts must be clean and dry before the inspection process takes place.  Painted or plated
surfaces do not have to be stripped if the coating does not exceed 0.005 inch.  (page 2-9,
para 10a)

5. C. 6 to 9 inches.

The effective magnetizing field produced by a coil extends approximately 6 to 9 inches on
either side of the coil center.  (page 2-12, para 12b1l])

6. D. Wet fluorescent.

Wet fluorescent method is the only method authorized for use on aircraft.  (page 2-15, para
13a[3])
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APPENDIX B

GLOSSARY

ABSORPTION:  The process of one material merging with a second material by penetration into the
particles of the second material...as opposed to adsorption where the material coats and is retained on the
surface of the particles of the second material.

ADSORPTION:  The process of one material merging with a second material by coating and being
retained on the surface of the particles of the second material...as opposed to absorption where the
material penetrates into the particles of the second material.

ALTERNATING CURRENT:  Alternating current is current that reverses its direction of flow at regular
intervals.  Such current is frequently referred to as AC.

AMPERAGE:  The strength of a current of electricity measured in amperes.

AMPERE:  This is the unit of electrical current.  One ampere is the current which flows through a
conductor having a resistance of one ohm, at a potential of one volt.

BACKGROUND:  The surface of the test part upon which the indication is viewed.  It may be the
natural surface of the test part, or it may be the developer coating on the surface.  This background may
contain traces of unremoved penetrant, fluorescent or visible which, if present, can interfere with the
visibility of the indication.

BACKGROUND FLUORESCENCE:  Fluorescent residues observed over the general surface of the
part during fluorescent penetrant inspection.  It is usually due to poor emulsification or rinsing of the
fluorescent penetrant or due to excessive roughness of the surface causing entrapment of the fluorescent
penetrant.

BATH: (1) The liquid penetrant inspection materials (penetrant, emulsifier, developer) into
which parts are immersed during the inspection process.

(2) Penetrant materials retained in bulk in immersion tanks intended for reuse.

(3) Term used to designate a suspension of ferromagnetic particles with oil or water.
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BLACK LIGHT:  The term given to electromagnetic radiation having wavelengths between 2000 and
4000 angstrom units.  Typical units used in penetrant inspection provide an intensity of 100 to 150
footcandles at 15 inches from the face of the filter and are used to excite fluorescent materials in a range
visible to the eye.

BLACK LIGHT INTENSITY:  The amount of properly filtered black light measured at the surface of
the part being inspected.

BLACK LIGHT FILTER:  A filter that transmits ultraviolet light (3200 to 4000 A  wavelength) while
suppressing the transmission of visible light of the longer wavelengths.

BLEED OUT:  The action by which the penetrant exudes out of the discontinuities onto the surface of a
component, due primarily to "capillary action" and to "blotting" or "soaking up" effect of the developer.

CENTRAL CONDUCTOR:  A conductor made of copper, aluminum, steel, or flexible cable that is
passed into or through an opening in a cylindrically-shaped part or other shapes when applicable for the
purpose of establishing a circular field on the inside diameter.

COIL:  One or more turns of conductor wound to produce a magnetic field when current passes through
the conductor.

COIL SHOT:  A term used colloquially to indicate a shot of magnetizing current passed through a
solenoid or coil surrounding a part, for the purpose of establishing a longitudinal field.

CONTINUOUS METHOD:  The method in which the inspection medium is applied just prior to turning
the magnetizing current on.

CRACKS, FATIGUE:  Progressive cracks which develop in the surface caused by the repeated loading
and unloading of the part, or by what is called reverse bending.

DEMAGNETIZATION:  The reduction in the degree of residual magnetism in ferromagnetic materials
to an acceptable level.

DEVELOPER:  Material, wet or dry, which will draw or absorb penetrant from a surface crack or defect
to the extent the defect will be visible under natural, artificial, or black light, as applicable.  Developers
also control the background of the high-contrast penetrant color system.

DEVELOPING TIME:  The elapsed time necessary for the applied developer to bring out indications
from penetrant entrapments.  Usually one-half the penetrant dwell time.
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DISCONTINUITY:  An interruption in the normal physical structure or configuration of a part such as
cracks, laps, seams, inclusions, porosity.  A discontinuity may or may not affect the usefulness of a part.

DRYING OVEN:  An oven used for drying rinse water from test pieces.

DWELL TIME:  The period of time wherein the liquid penetrant remains on the surface of the part.

EMULSIFICATION:  The process of dispersing one liquid in a second immiscible liquid; the largest
group of emulsifying agents are soaps, detergents, and other compounds, whose basic structure is a
paraffin chain terminating in a polar group.

EMULSIFIER:  A liquid agent which must be applied to the nonwater-washable penetrant after the
proper dwell time has elapsed to permit water rinsing.  This requires an additional step, and a period of
time must be allowed for the combining to occur.  A suspension of one liquid phase in another.

EMULSIFIER-REMOVER:  A type of solvent that can be rinsed off with water after it is applied or
used as a solvent wipe remover.

EMULSIFICATION TIME:  Time required for the emulsifying agent to combine with the penetrant.
This is critical as insufficient time will result in failure to remove the penetrant and lead to false
indications, and too long a time may remove the penetrant from the flaws.  Emulsification time usually
ranges from 30 seconds to 5 minutes.

FIELD, CIRCULAR:  The magnetic field surrounding any magnetic conductor or part resulting from the
current being passed through a central conductor or the part.

FIELD, LEAKAGE:  The field which leaves or enters the surface of a part at a discontinuity or change
in section configuration.

FIELD, LONGITUDINAL:  A field created by a coil shot or cable wrap and in which the flux lines
traverse the part essentially parallel with its longitudinal axis.  A localized field, on the surface of a part,
traversing from one leg of a yoke or probe to the other.

FIELD, MAGNETIC:  The space within and surrounding a magnetized part or a conductor carrying
current in which magnetic lines of force exist.
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FIELD, RESIDUAL:  The magnetism that remains in a piece of magnetizable material after the
magnetizing force has been removed.

HEADSHOT:  A term used colloquially to designate the magnetizing current passing through a part or a
central conductor while clamped between the head contacts of a stationary magnetizing unit for the
purpose of circular magnetization.

HORSESHOE MAGNET:  A bar magnet, bent into the shape of a horseshoe so that the two poles are
adjacent.  Usually the term applies to a permanent magnet.

HYDROPHILIC:  Having an affinity for, attracting, adsorbing, or absorbing water.  A substance soluble
in water.

INDICATION:  In nondestructive inspection, a response or evidence of a response that requires
interpretation to determine its significance.

INSPECTION:  Process of examining for possible defects or for deviation from established standards.

INTERPRETATION:  The determination of the cause of an indication or the evaluation of the
significance of discontinuities from the standpoint of whether they are detrimental defects or superficial
blemishes.

LENGTH/DIAMETER RATIO:  A ratio of the length and diameter of a part for the purpose of
calculating the amperage required for longitudinal magnetization.

LIGHT METER:  A device used to measure the light in footcandles or microwatts per square
centimeter, whichever is appropriate.

LIPOPHILIC:  Relating to or having strong affinity for fats or other liquids.  Promoting the
solubilization or absorption of liquids.  An oil- or fat-based substance.

LIQUID VEHICLE:  The liquid in which the magnetic particles are suspended to facilitate their
application.

LONGITUDINAL MAGNETIZATION:  Magnetization of material in such a way that the magnetic
lines of force are essentially parallel to the axis of the magnetizing coil or to a line connecting the two
poles when a yoke or probe is used.

LUMEN:  A unit of luminous flux equal to the light emitted in a unit solid angle by uniform point
source of one candle.
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MAGNET:  Materials that show the power to attract iron and other substances to themselves, and that
exhibit polarity, are called magnets.

MAGNETIC DISCONTINUITY:  This refers to a break in the magnetic uniformity of the part, a sudden
change in permeability.  A magnetic discontinuity may not be related to any actual physical break in the
metal, but it may produce a magnetic particle indication.

MAGNETIC FIELD:  The space around a source of magnetic flux in which the effects of magnetization
can be determined.

MAGNETIC FIELD STRENGTH:  The intensity of the magnetic field surrounding the magnetized part
measured in GAUSS.

MAGNETIC FLUX:  The total number of magnetic lines existing in a magnetic circuit.

MAGNETIC FORCE:  In magnetic particle inspection the magnetization force is considered to be the
total force tending to set up a flux in a magnetic circuit.  It is usually designated by the letter "H."

MAGNETIC MATERIALS:  Materials are affected by magnets in two general ways.  Some of them are
attracted by a magnetic force, while others exert a repellent force.  The first is called "paramagnetic" and
the latter "diamagnetic."  In magnetic particle inspection we are not ordinarily concerned with either of
the two classes but with what may be termed a subdivision of the first class called "ferromagnetic
materials."

MAGNET PARTICLE INSPECTION:  A method for detecting discontinuities on or near the surface in
suitably magnetized materials, which employ finely divided magnetic particles that tend to concentrate
in regions of the magnetic nonuniformity, i.e., along cracks, over inclusions, voids, etc.

MAGNETIC PERMEABILITY:  A term indicating the ease with which a magnetic field can be
established in a material.  It is determined by the ratio of the resultant magnetic force to the applied
magnetic force.

MAGNETIC POLES:  The ability of a magnet to attract or repel is not uniform over its surface, but it is
concentrated at local areas called "poles."  Each magnet has at least two poles, one of which is attracted
buy the earth's North Pole and is called the north pole of the magnet; the other is attracted by the earth's
South Pole and is called the south pole of the magnet.
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MAGNETIC WRITING:  A form of nonregulation indications, sometimes caused when the surface of a
magnetized part comes into contact with another piece of ferromagnetic material.

MAGNETISM:  The ability of matter to attract other matter to itself and exhibit polarity.

MAGNETIZING CURRENT:  The flow of either alternating, rectified A0, or direct current used to
induce magnetism into the part.

MAGNETIZING FORCE:  For the purpose of this discussion, magnetizing force is considered to be the
total force tending to set up magnetic flux in a magnetic circuit.  It is usually designated by the letter "H"
and the unit is "oersted."

MOBILITY:  The ease with which magnetic particles move over the surface of a magnetized part and
accumulate at a discontinuity exhibiting polarity.

(MT) SYMBOL:  Symbol for the magnetic particle method of nondestructive testing/inspection.

NONDESTRUCTIVE INSPECTION:  A method used to check the soundness of a material or a part
without impairing or destroying the serviceability of the part.

NONFERROMAGNETIC MATERIAL:  A material that is not magnetizable and, hence, essentially not
affected by magnetic fields.  This would include paramagnetic materials having a magnetic permeability
slightly greater than that of a vacuum and approximately independent of the magnetizing force and
diamagnetic materials having a permeability less than a vacuum.  Metals free from iron, such as zinc,
tin, aluminum, brass, copper, and pot metal.

NONRELEVANT INDICATIONS:  An indication due to misapplied or improper inspection.  Also, an
indication caused by an actual discontinuity in the material which does not affect the usefulness of the
part (such as a change of section).

PENETRANT:  A liquid of high surface tension and capillary action which is a vehicle for colored or a
fluorescent dye used to penetrate into the defect and detect surface discontinuities.

PENETRANT INDICATION:  Readings which mark or denote the presence of a material defect.

PENETRANT, POST-EMULSIFIABLE:  A penetrant that requires the application of a separate
emulsifier to render the surface penetrant water-washable.
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PENETRANT REMOVER:  A penetrant remover is a solvent-type liquid used to clean penetrants from
the surface of a material.

PENETRANT SENSITIVITY:  Penetrant remover is the ability of the penetrant, processing technique,
and developer to detect surface-connected discontinuities and provide an indication visible to the
unaided eye.

PERMEABILITY:  The ease with which a material can become magnetized.  It is the relationship
between field strength and the magnetizing force.

POLARITY:  The quality of having two opposite magnetic poles, one north and one south.

POLE:  The area on a magnetized part from which the magnetic field leaves or enters the part.

POROSITY:  Random pits or holes in the surface of the object caused by gases being liberated as the
material solidifies.

POST-CLEANING:  The removal of residual penetrant and/or developer from the item after the
inspection operation.

POST-EMULSIFICATION:  The technique wherein a separate emulsifying step is required to facilitate
water rinse removal of the surface penetrant.

RESIDUAL MAGNETISM:  The magnetic field remaining in a part after the current has been removed.

RESIDUAL METHOD:  Bath is applied after current has been shut off; that is, the indicating particles
are on the part when residual magnetic field is present.

RESIDUAL METHOD:  The method in which magnetic particles are applied to the material after the
magnetizing current has been discontinued.

RETENTIVITY:  The ability of a material to retain magnetism after the current has been removed.

SEAM:  A discontinuity caused by a void or crack in rolled material parallel to the axis of the material
which, although closed, is not welded.  A line of junction; a line, groove, ridge, or interstice formed by
or between two contracting edges.
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SOLUBLE:  The amount of a substance that will dissolve in a given amount of another substance and is
typically expressed as the number of parts by weight dissolved by 100 parts of solvent at a specified
temperature and pressure or as a percent by weight or by volume.

STRESS-CORROSION CRACKING:  Failure by cracking under combined action of corrosion and
stress, either external (applied) or internal (residual).  Cracking may be either intergranular or
transgranular, depending on metal and corrosive medium.

SUBSURFACE DEFECT:  Any defect which does not break the surface of the part in which it exists.

VISCOSITY:  A measurement of a liquid's resistance to change of shape or flow.  Also referred to as
flow resistance.

WET CONTINUOUS PROCESS:  The method of applying the wet suspension to the inspection
surfaces just prior to applying the magnetizing current.

YOKE:  A C-shaped piece of soft magnetic material, either solid or laminated, around which is wound a
coil carrying the magnetizing current.
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EXAMINATION

Materials needed to take the examination:

Subcourse booklet, number 2 lead pencil, and ACCP examination response sheet.

Instructions:

There is only one correct answer for each item.  Mark the correct answer for each item, then transfer
your answers to the ACCP examination response sheet, completely blacking out the lettered oval which
corresponds to your selection (A, B,,C, or D).  Use a number 2 lead pencil to mark your responses.  Mail
your response sheet in the preaddressed envelope you received with this subcourse.

1. Which is a disadvantage of liquid penetrant inspection?

A. Unable to detect smaller discontinuities than most other NDI methods.
B. Unable to magnify the indication.
C. Unable to examine complex shapes in one operation.
D. Unable to detect subsurface defects.

2. Which type of penetrant CAN be used on aircraft parts?

A. I.
B. II.
C. III.
D. IV.

3. Under the "system concepts," which component combinations must be supplied by the same
manufacturer as a system?

A. Penetrant and developer.
B. Developer and remover.
C. Penetrant and emulsifier.
D. Cleaner and developer.

4. Penetrant inspections are reliable only when the parts to be inspected are

A. made from nonferrous materials.
B. free of contaminates.
C. simple in shape.
D. cleaned by vapor degreasing.
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5. Penetrant dwell time for stress corrosion will not be

A. less than 30 minutes.
B. more than 30 minutes.
C. less than 240 minutes.
D. more than 240 minutes.

6. If, during a Method B penetrant inspection, the dwell time allowed for the emulsifier is suspected
of being too short, then

A. the emulsifier shall be reapplied.
B. the developer dwell time shall be shortened proportionally.
C. the part shall be reprocessed starting with penetrant application.
D. the part shall be completely reprocessed starting with precleaning.

7. What is the maximum emulsifier dwell time when performing a Method B penetrant inspection?

A. 10 seconds.
B. 30 seconds.
C. 1 minute.
D. 5 minutes.

8. Which of the following steps SHALL NOT be accomplished when removing the excess
penetrant from a part being processed using Method C?

A. Saturate the cloth with spray-on solvent.
B. Examine the part surface under a black light during final wiping stages.
C. Examine the rag surface under a black light after the final solvent wipe.
D. Repeat the process until the rag shows little or no trace of penetrant.

9. Which developer CANNOT be used on aircraft or engine parts?

A. Dry powder.
B. Water suspended.
C. Water soluble.
D. Solvent suspended.

10. Which form of developer provides the highest sensitivity?

A. Dry powder.
B. Water soluble.
C. Water suspended.
D. Nonaqueous.
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11. What is the minimum developer dwell time that can be used when preforming a penetrant
inspection?

A. At least one fourth of the penetrant dwell time.
B. At least one third of the penetrant dwell time.
C. At least one half of the penetrant dwell time.
D. At least one fifth of the penetrant dwell time.

12. What is the required black light intensity at 15 inches?

A. Not more than 2 lumens per square foot.
B. 320 to 400 nanometers.
C. At least 1000 microwatts per square centimeter.
D. 3000 microwatts per square centimeter.

13. The direction of the magnetic field can be altered and is controlled by

A. the direction of the magnetizing current.
B. the strength of the magnetizing current.
C. the size of the central conductor.
D. the permeability of the part.

14. Which magnetic field is produced by the hand held coil?

A. Circular.
B. Longitudinal.
C. Parallel.
D. Multidirectional.

15. Which factor should be considered when determining what current amperage to use for the
circular magnetization of a part?

A. The part's length through which the current will flow.
B. The amount of heating that can be tolerated at the current contact areas.
C. The number of discontinuities expected to be found on the part.
D. The position of the part within the coil.

16. What is circular magnetization used for?

A. Detection of longitudinal discontinuities.
B. Detection of circumferential discontinuities.
C. Detection of circular cracks around a cylinder.
D. Detection of subsurface circular cracks.
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17. What is called for when the length to diameter (L/D) ratio of a part is less than three?

A. Impractically large amperages.
B. Multiple magnetizations.
C. Part centered in the coil.
D. Longitudinal magnetization.

18. The effective magnetic field produced on each side of the coil only extends a maximum of

A. 3 inches.
B. 9 inches.
C. 12 inches.
D. 15 inches.

19. Which magnetic particle method is faster, more reliable, and more sensitive to very fine cracks?

A. Black powder.
B. Dry powder.
C. Wet fluorescent.
D. Wet visible.

20. On wet fluorescent magnetic particle machines, the oil bath strength should be checked daily
prior to use and during every

A.  2 hours of operation.
B.  4 hours of operation.
C.  6 hours of operation.
D.  8 hours of operation.

*U. S. Government Printing Office: 2000 - 528-075/20249
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