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Limitations—4Imperfections which are open to the surface of ferrous rods, bars, tubes, an
types considg¢red. Such imperfections include:

a. Longjtudinal types (seams and laps)
b. Poin{types (pits)
c. Mechanical types (scratches, nicks, and gouges)

Test Methods for Detection

Visual Examlination—Depending upon end product requirements) visual inspection, with or
magnification, is in some cases adequate to detect the surfacesimperfections under consider
which limit the size and nature of the imperfections as well as'surface qualities are factors to
its application. Visual examination may be aided by using Surface preparations such as buffi
pickling, or bjast cleaning using a small particle grit or Sand. Sometimes pickling is used in
blast cleaning.

Liquid Penefrant—SAE J426 briefly describes the equipment and techniques for d
imperfectiong using a liquid penetrant. The method is generally used for inspecting nonmagn
it can also bp used on ferrous materials.«\Being a test involving a penetrating liquid, it is
directional aspects of surface flaws; cohsequently, it will detect laps, seams, cracks, an
imperfectiong without regard to their erientation. Good indications, however, are depend
cleanliness, and the ability of the-imperfection to admit and retain the penetrating liquid.

Magnetic Particle Inspection—The methods available, recommended usage for ty]
discontinuities, and insp€gtion techniques are described in SAE J420. The sensitivity level
dependent upon the system employed. Magnetic particle inspection is especially useful to
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cracks, inclupions, and some mechanical flaws in ferromagnetic materials, but it has linjited value when

inspecting foy gouges and pits that are circular in nature or too broad to induce a magng

tic leakage field.

Although a

lean surface is important for satisfactory indications, the shape of the cfoss section and

straightness of the test specimens are inconsequential in obtaining satisfactory results. However, if magnetic
particle inspection is to be applied to coiled materials, it must be performed on representative samples cut from
the coils.

Electromagnetic—Electromagnetic methods are used for the detection of surface imperfections. Eddy current
and fringe flux techniques are discussed here. SAE J425 gives general information relative to the nature and
use of eddy currents in the broad field of nondestructive testing. This discussion gives additional information
on electromagnetic methods as they apply to the detection of surface imperfections in ferrous bars, tubes, rods,
and wires.
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A distinct advantage of electromagnetic testing is that it can give information as to the severity of surface
imperfections. This makes it possible to establish a quality level of the material being tested by accepting that
with imperfection not detrimental to the end use of the material and by rejecting that with more severe
imperfections. The minimum surface imperfection which can be detected by electromagnetic methods is
determined by:

The surface condition of the material;

The type and size of the test coil used;

The test frequency used,;

The discriminating capabilities of the test instrumentation;

The smoothness of operation of the material handling equipment.

o0 T

Ebby CURRENT—Eddy current testing is a method of electromagnetic testing in which ed
induced in fthe material under test by an exciting coil energized with an alternating current
flow causefl by variations in the material are reflected into a sensing coil or coils fof-subse
suitable ingtrumentation and techniques.

le of eddy current testing, simply stated, is mutual induction. Mutual induction is
d emf in one circuit by the change of current in another. Thusy.if a piece of met
xciting coil carrying alternating current, eddy currents will b&)induced in the met
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Testing is performed by passing the bar, rod, tube, or wire lengthwise through or near th
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which may|contain separate exciting and sensing coils or a single coil that may be used for both purposes.

The exciting coil is energized with alternating current of one or more frequencies. The ele
of the senging coil is modified by the proximity of the material under test. The extent of th
determineq by the distance between the coil and the ‘material, and the electrical conducti
of the material. The presence of metallurgical or mechanical discontinuities

ctrical impedance
is modification is
ity and magnetic
pn the surface of

the material will alter the apparent electrical impedance of the coil. During passage of the material being

tested, the|test coil induces eddy currents in the material and senses changes in amplitudg
these eddy| currents. These changes praduce electrical signals which are amplified and
actuate a
cause spuflious signals with some types of eddy current tests. These signals are gene
saturating the test piece with a uniform magnetic field at the test coil.

Two general coil types will be discussed here. One coil type is the encircling or feed-throug
coil or coil$ are stationary:while the material is fed through by means of a suitable trans
Either absglute or differential coil arrangements can be used. The differential coil arrangen
sensitive tq short imperfections such as pits, silvers, or nicks. Longitudinal imperfections,
seams, may be jindicated if they are variable. The absolute arrangement is sensitive to
material prpperties, size, shape, and imperfections.

e and/or phase of
modified so as to

itable signalling device. If variations in magnetic permeability exist in the test rIateriaI, they may
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lly eliminated by

h type where the
port mechanism.
ent is particularly
such as cracks or
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The other type is the probe coll. This type can be made to rotate around the material, or the coil can be held
stationary while the material is rotated and traversed longitudinally in close proximity to the coil. The probe
coil type is reliable and lends itself to mechanization of round product testing. The advantages are that no
material saturation is necessary; that it is sensitive to continuous, uniform, longitudinal type imperfections;

and that very shallow surface imperfections can be detected.
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FRINGE FLux—Fringe (or leakage) flux testing is a nondestructive method for detecting cracks and other
discontinuities at or near the surface in ferromagnetic materials. The method consists of the following steps:

a.
b.
C.
is scanned by the sensor.

Each magnetic transducer in the flux sensor is connected to an electronic console
filters, and electronically processes the signals such that significant discontinuiti
(visually and audibly), then marked with paint or automatically removed from the p
both.

d.

The part is magnetized immediately prior to or during the test to a proper level approaching saturation.
A flux sensor containing magnetic transducers is placed on the surface in the magnetized area.
The part or the magnetic flux sensor is moved progressively at a constant speed so the entire surface

which amplifies,
es are indicated
roduction line, or

The fringe
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discontinui
indication f

I‘qu test Is somewhat similar to a magnetic particle test with the flux sensor repla
is somewhat similar to eddy current testing in the scanning and capability. T
y can be estimated and a rejection level set with respect to the magnitude, of the
roduced by the discontinuity.

If properly
such as pit

hpplied, this method is capable of detecting the presence and location of significa
5, scabs, slivers, gouges, roll-ins, laps, seams, cracks, holes, and imperfections

Ultrasonic—
discontinuities in bar and tube products. Various adaptations of the‘basic method are employ
influenced by factors such as cross-sectional area of the bar.and the size and nature of
sought. Under proper conditions, ultrasonic waves can be prepagated on and just below the 5
This test modgle is particularly well suited to surface inspection. However, surface roughnes
must be contfolled to prevent false determinations.

In general, ulfrasonic inspection is limited to bars andwires greater than 2.5 mm (0.1 in) in di

Methods of
considered

easurement—Electromagnetic “(eddy current or fringe flux) and ultrasonic

materials haying surface imperfections €xceeding the predetermined acceptable conditions.
from an acc¢ptance standard can be interpreted quantitatively, after acquiring experience
being tested| and gaining familiarity with the signal changes resulting from the type o
imperfectiong being investigated:
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int discontinuities
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Ultrasonic test methods, as described in SAE J428, can be used for the detfection of surface
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he imperfections
urface of the bar.
5 and cleanliness

ameter.

testing may be

duantitative in that acceptance ;standards can be established, and the equipnment set to reject

IActual deviations
with the material
imperfection or

testing, magnetic

ome indication of

nt powder is used
p. 354).

File or Grind and Inspect—Depth is often determined by merely filing or grinding the im

evidence or are a

perfection until it

disappears visually. When using magnetic particle inspection, the material is ground or filed and then

magnetic particle inspected again to determine if the imperfection is completely removed.
resulting groove to the point of complete removal of the discontinuity, can then be measured.

The depth of the
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5.4

6.1

Macroexamination—Depth can be determined by cutting and grinding a section perpendicular to the direction
of the imperfection and macroetching the sample. The depth is measured by a suitable means which could be
a scale, Brinell glass, or low power microscope.

Microexamination—A very accurate method of measuring depth is by cutting and metallographically polishing
a section perpendicular to the direction of the imperfection and measuring the depth microscopically.

Macroetching—If all conditions, including acid concentration, temperature, and time are controlled, a surface
discontinuity of a section can be exaggerated by macroetching. The depth of the etched imperfection can be
estimated and a rough approximation made of the original imperfection depth since the amount of material
removed can be determined by measuring the cross section before and after etching.

difference fr

the estimated depth of the etched surface imperfection gives the rough estim

Subtracting this
te.

Notes

Marginal Indicia—The change bar () located in the left margin is for the convenienee of th
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ent title indicates a complete revision of the report.
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