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Report of Iron and Steel Technical Committee. approved June 1960 and lasi revised April 1976.

1. Purpose—The purpose of this report is to provide general information
relative to the nature and use of eddy current techniques for nondestructive
testing. The report is not intended to provide detailed technical information
but to serve as an introduction to the principles and capabilities of eddy
current testing, and as a guide to more extensive references listed in the
Bibliography.

2. General—Eddy current testing is a method of electromagnetic testing
which uses induced electrical currents to indicate ox measure certain charac-
teristics of electrically conducting bodies (ferrous and non-ferrous). Applica-
tions are in one of three general categories: metal sorting, surface discontinuity
detection, or thickness measurement. Under appropriate conditions and with
proper instrumentation, eddy current testing has been used to:

(a) Detect discontinuities such as, but not limited to, seams, laps, slivers,
scabs, pits. cracks, voids. inclusions, and cold shuts.

(10 kHz). Non-magnetic metals with higher conductivity, such as aluminum,

.are generally tested with frequencies around 100 kHz, while those with lower

conductivity, such as ‘titanium, are generally tested with  frequencies in the
range of | MHz to 10 MHz. There are numerous exceptions to these generali-
ties. '
5. Test Coil Methods

5.1 Single Coil—In this method, a single coil is used. It may have one,
twe, or three windings for excitation and detection. A winding is excited from
an alternating current source within the test instrument. The amplitude and
phase of the voltage across a winding is a function of the effect of the test piece
on the coil.

5.2 Differential Coil—-An arrangement where two separate detector coils
are used to compare two ditferent test picces, or two different ‘portions of the
same test picce. A voltage appears at the output terminal of the coils when the
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Theoretically, magnetic satgration should not be necessary for.non-ferromag-
netic material, but some npn-magnetic materials contain small amounts of
ferromagnetic material which can generate electricalinoise during testing.
This noise can usually be eliminated by the use ofla saturating field.

4. Procedure—The effect pf the characteristics of the test piece on the eddy
currents may be studied in § number of different wavs. A characteristic to be
studied is related to a change in the amplitude: distribution, or phase of the
eddy currents, or some combination of thes¢three. These changes are reflected
as changes in the exciting copl or in auxiliary coils located to be sensitive to the
eddy currents. These changds may be measured as voltage differences, current
differences. phase differencef. or chdnges in the impedance of the coil or coils.

The coils and the instrumentation can be arranged to measure a given
characteristic directly. or thgy mav be used as a comparator. In the latter case,

effective permeability, conductivity, mass, geomet
inetal in the two coils. differ.
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the measurement is the difference between the characteristics of the test piece
and a similar piecé of known or acceptable characteristics. Such measure-
ments can also be made to determine differences between various segments of
the same test piece.

With the best instrumentation. it is sometimes difficult to separate effects of
the characteristics to be measured from effects of other characteristics. The
success of an eddy current test depends on:

(a) proper coil design and arrangement,

(b) selection of the proper test frequency,

(c) selection of the proper analysis circuit,

(d) use of proper magnetic field strength,

(el optimizalion and maintenance of electromagnetic coupling between the
coil and test piece, and

() selection of the most suitable stage in the manufacturmg process for the
inspection procedure.

Eddy current effects are’ most pronounced near the surface, with sensitivity
for detecting irregularities of composition or structure falling off as depth
below the surface increases. Depth of eddy. current penetration of an object
decreases as test frequency increases. Ferromagnetic metals, such as steel, are
generally tested with low frequencies in the range of 1 Hz 1o 10,000 Hz

Reference standards are generaily required to ad

just the sensitivity of the

electronic apparatus.
Typical Examples of Equipment Variations for Different Applications:

7.1 Equipment using impedance plane analysis and operable over a
range of test frequencies from 1 Hz to 10 kHz has been used to sort carbon
steel mixtures involving different compositions and/or different heat treat
conditions. A unique advantage of this instrument is that it is possible to
quickly determine the optimum frequency for performing a given test. Similar
equipment has been calibrated 10 indicate conductivity, hardness, case depth,
and dimensions.

7.2 Equipment using a single coil to scan the surface has been used to
detect and indicate the depth of seams, cracks. laps, slivers, and similar
surface imperfections in bars, rounds, billets and tubular products The sensi-
tivity of this equipment depends on the surface condition of the product under
test. On a hot-rolled surface with thin, tightly adherent scale, seams as shallow
as 0.010 in. (.25 mm) are reliably evaluated. Product with heavy or broken
scale should be cleaned by grit blasting prior to testing. Under more favorable
(smoother, less scale) surface conditions seams such as shallow as 0.005 in
(0.13 mm) have been evaluated. On polished (ground) surfaces. seams and
cracks as shallow as 0.001 in (0.025 mm) have been detected.
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