TECHNOLOGY by Emmanuel P. Papadakis

Do No Harm

Nondestructive testing (NDT) relies on
the interactions of energy and fields
with matter to find indications that a materi-
al or structure contains discontinuities or
has physical properties that may make it
unsafe or otherwise insufficient for its
intended use. NDT does this without
destroying or impairing the object. Hence
the term nondestructive.

NDT has become indispensable because
it allows the detection of flaws that could
cause expensive, even catastrophic acci-
dents. A study by Business Communications
Company, Inc. (Norwalk, CT), projects that
industry sales of NDT equipment will reach

Figure 1. Computer-generated map of
topological variations in the surface of a
helicopter rotor blade, detected by an
eddy-current technique that is cost com-
petitive with its predecessor technique—
tapping with a coin—but which can be

automated to reduce human error.

$840 million by 2002. Throughout industry
and academia, researchers continue to
refine long-established NDT techniques and
to develop new ones, including exciting inno-
vations in infrared imaging.

Motivations for using NDT range from sav-
ing money to saving lives. Its various tech-
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niques are used in the commercial world to
inspect airliners, nuclear and conventional
power stations, oil-drilling rigs, bridges,
cargo ships, railroad rolling stock, rail, liquid
and gas tanks, automotive parts, and innu-
merable other things whose failure could
cause injury or death and economic loss.
NDT also provides a way for manufacturers
to acquire data for statistical process con-
trol, in which samples of a product or mater-
ial are periodically tested at, say, every 50th
item, and for verification-in-process, mean-
ing 100% inspection between or during pro-
cessing steps.

To be useful, NDT equipment must be
packaged as man-
ageable and reason-
ably priced instru-
ments. Moreover,
timeliness in devel-
opment is vital. As
new processes and
materials come on
line, new tests may
be needed to
assess their physi-
cal properties and
flaws in order to
speed them to mar-
ket.

Not everything
within  NDT is
quantitative and
capable of yielding
great detail, although much is. In NDT, an
indication is a distinctive characteristic in
the output signal of an instrument. Typically,
a flaw creates one characteristic signal and
a normal condition gives a different signal.
Signals may be functionally related to an
improper condition or correlated with one. In
some cases, a specific signal can be equat-
ed with a specific problem. For example,
ultrasonic echoes can sometimes reveal the
exact length of a crack. In other cases, the
signal demonstrates that a problem exists
but without revealing to what degree. Some
indications can arise from either benign or
dangerous causes, which may force a fail-
safe decision to junk or replace an item
because of the distinct possibility of failure.

Xavier Gros
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Scope of the field

Historically, craftsmen and technicians,
from ancient potters to woodsmen to rail-
road engineers, tapped on structures to
determine whether they were sound. Per-
haps the use of the word “sound” to mean
“free from defect, decay, or damage” came
from that primitive precursor to today’s
sonic resonance techniques.

William Roentgen’s discovery of X rays in
1895 provided the first great advance in
seeing the inside of objects. Nearly contem-
poraneously with X rays, the discovery of
piezoelectricity spawned sonar during World
War | and then was teamed with radar to
produce pulse-echo ultrasound for interro-
gating the interiors of things at the begin-
ning of World War Il. The American Society
for Nondestructive Testing, which was initiat
ly called the Industrial X-ray and Radium
Society, was formed in 1941.

Five methods—radiography, ultrasonics,
dye penetrants, magnetic particles, and eddy
currents—are often called the Big Five of
NDT. Each has attributes that make it useful,
and developments within each technology
have helped advance the field and improve
product reliability and safety.

Besides X rays, radiography includes
gamma rays and neutron radiography. The
sole benefit of using higher-energy gamma
rays is that they can penetrate deeper than
X-rays. Thus, they are useful for examining
such things as thick concrete, armor plate,
and large valves, which are used in hydro-
electric or nuclear-power plants. Neutrons
are particularly good for sorting out materi-
als with low atomic numbers, such as car-
bon and hydrogen. Because neutrons are
scattered and absorbed preferentially by
low-atomic-number materials, neutron radi-
ography can be used in such applications as
detecting the fluid level of hydrocarbons in
steel tanks and spotting one plastic embed-
ded in others.

In through-transmission ultrasound NDT,
detrimental conditions lower the amplitude
of transmitted waves. In pulse-echo ultra-
sound NDT, discontinuities are observed on
oscilloscopes that are built into instru-
ments. Ultrasound has the capability of



detecting cracks that X rays will
miss unless the flaws are viewed
edge-on by the radiation and are
somewhat open. Ultrasound also
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two waves with different velocities— £
longitudinal waves and slower-mov-
ing shear waves—with which to 8
probe materials. The effectiveness g
of each of the waves strongly &
depends on its angle, the material%
through which it travels, the type of 8
flaws present, and their orientation (Figure
2). For example, longitudinal waves deliv-
ered perpendicular to two flat plates with a
brazed joint between them can indicate
whether the braze is good or bad.

Dye penetrants, a means of NDT developed
early in this century, rely on surface tension to
power their search for minute cracks. A dye
solution, typically red or green, is sprayed on a
material, and because of surface tension it
seeps into any cracks. Excess dye is then
wiped off, and the area is sprayed again with
what is generically called a developer, which
dries to a white power. As the penetrant
oozes from cracks, it stains the white develop-
er to reveal crack locations.

Magnetic particles can detect cracks in
magnetic materials. A fine powder of a mag-
netic material, frequently iron dust laced with
a green fluorescent dye, is sprayed on a ferro-
magnetic target. When the magnet is
arranged so its north and south poles are on
opposite sides of a crack and turned on, the
magnetic particles line up, but the crack
breaks the lines of force of the magnetic field.
Some of the particles are trapped by the lines
of magnetic force jumping over the crack, cre-
ating a magnetic bridge that can be located by
shining black light on it to fluoresce the dye.

In eddy-currents technology, a test materi-
al is placed between a transmitting coil and
a receiver coil (Figure 1). An alternating cur-
rent in the transmitting coil sets up a mag-
netic field that will penetrate into the target
material and generate an alternating circular
current in its surface that is equal to and
opposite from the current in the transmitting
coil. The current in the test piece is depen-
dent on the material’s conductivity, magnet-

n-Destruct

ic permeability, and any cracks that are pre-
sent. Cracks interfere with the flow of the
current, which is near the surface. So one
can sweep a coil over an object and see
variations in the current in the receiver coil
that indicate the presence of cracks.

Both eddy current and ultrasound can
detect properties of materials as well as
cracks. Ultrasound, for example, is particularly
good at determining
the yield strength
and tensile strength
of nodular iron, a
form of cast iron
treated so that the
graphite present in it
is in the form of
spheres. Graphite
spheres are less dis-
ruptive to the conti-
nuity of the iron than
are  string-bean-
shaped graphite or
graphite flakes. Thus,
nodular iron has the
best yield and tensile
strengths of the cast
irons. It also has the highest modulus—the
ratio between force and compression or shear
strain—of any iron-graphite composite and
the smallest number of sharp stress risers
internally. The smaller the modulus, the more
a material will stretch. Stress risers are con-
centrations of potentially destructive force,
such as at the tip of a crack or a sharp corner.
Because ultrasound velocity varies as the
square root of a material’s modulus and its
strength goes down as the iron is subdivided
by stress risers, the strength of nodular iron
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package (UT-Sim), an underwater

subsequent pattern establishes a
base before looking at reflections

caused by defects.

can be determined by its ultrasonic
velocity.

Similarly, eddy currents are particu-
larly good for determining the hard-
ness of iron alloys. The metallurgical
transformation in hardening changes
the conductivity and magnetic perme-
ability of iron alloys. Eddy currents can
sense these two properties, which correlate
with iron’s hardness.

Many other physical phenomena have
been turned into NDT methods and instru-
ments. Acoustic emission (AE) is another
method for finding cracks. Cracks grow only
when subjected to a stress greater than the
last stress experienced by the crack tip. The

Figure 3. Thermographs show a section of a composite heli-
copter rotor blade with delamination (left) and a composite

fiber-reinforced-plastic panel with multiple impacts (right).

sound emitted by an advancing crack is in
the ultrasonic range and can be picked up
by passive probes arranged to perform trian-
gulation, for example, on a storage tank,
catalytic-cracking tank, or ship hull. The
structures and tracks of amusement rides
and “cherry pickers” on service trucks are
also tested with AE. In testing, an increase
in stress—achieved by overpressurizing a
storage tank, for example—is used, but it is
small compared with the stress the object
was designed to withstand and is therefore

Figure 2. With an ultrasound modeling

ultrasonic transducer directs 5-MHz

energy at a curved steel surface. The
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not a significant threat to its integrity.

Two low-energy nuclear methods adapted
to NDT are X-ray fluorescence (XRF) and
beta-ray backscattering. XRF can identify the
chemical elements in an irradiated material
and determine the thicknesses of dissimilar
coatings. It is beneficial not only in industry,
but for more exotic uses, such as detecting
art forgeries in which modern pigments have
been used in copying the styles of famous
painters. Beta-ray backscattering depends
on the atomic numbers of the scattering ele-
ments, and it can be used for gauging, for
example, the thickness of pigmented paints
on plastic.

Sonic resonance, the ancient approach of
thumping on wood or metal, has been
revived and refined into resonance ultrason-
ic spectroscopy. By setting up a set of ultra-
sonic resonances with a transmitter probe
on a material and picking them up with a

receiver, one can measure all the elastic
moduli of a material and identify areas of
high stress within it. This technique can be
used to test quartz crystals for use in such
things as piezoelectric transducers. Other
types of resonance instruments can be used
to search for flaws in adhesive bonds.
Quantitative infrared thermography is a
particularly promising new technique for
assessing the integrity of structures (Figure
3). Thermography has long been used to look
for heat leaks in building insulation and over-
heating in poor electrical connections. How-
ever, its application to extending the life
spans of critical structures such as airplane
body sections is still being developed. The
technique depends on flaws that either inter-
rupt the flow of heat, such as voids, or cause
the flow of heat, such as cracks that heat up
under vibrational stress. In one commercial
application, at least one automaker is using

thermography to assure the quality of friction
welds in composite motor-vehicle bumpers
within seconds of their manufacture.

Another emerging NDT approach uses
artificial intelligence (Al). In principle, an Al
system can “learn” to analyze many indica-
tions of defects within a material to tell a
good specimen from a faulty one. Develop-
ment of this approach is in an early stage
but is advanced enough that Materials Evalu -
ation, a journal of the American Society for
Nondestructive Testing, plans to publish a
special issue titled “Neural Network Applica-
tions to Nondestructive Evaluation” in Janu-
ary 2000.
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