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ULTRASONIC TESTING
MEMBRANE CONCEPT
PILOT BOATS, PART 1
LARGE PROPS

The ABC’s of UT

If you can invest in just one advanced non-destructive
testing technology, it should be ultrasonic.
Here’s why.
Text and photographs
by Roby Scalvini
Above—Beneath the finished surface of
any structure are realities invisible to the
naked eye. That’s particularly unnerving to
boat owners who want to know just how
much hull material is between them and
the ocean, and also the condition of that
material. On this steel boat, ultrasonic
thickness-testing of the hull bottom has
yielded comprehensive plate-thickness
data, providing detailed information the
owner and yard manager need to plan for
future use and maintenance.
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T

ogether, advanced non-destructive
testing (NDT) techniques—ultrasonic
testing (UT), infrared thermography,
and laser shearography—can aid in
detecting a wide range of defects and
anomalies invisible to the naked eye
or other basic techniques. However,
with a relatively narrow application
range, these approaches and their
instruments are highly specialized and
best left to NDT experts. The excep
tions are UT’s more versatile ultra
sonic flaw detectors, and in particular
the most basic presentation of their
data, known as A-scan.
We will look briefly at how ultra
sonic technology came into the marine
world, its principle of operation, the

different UT techniques currently avail
able, and their specific applications and
limitations on board and for marine
components.

History
Setting aside some earlier maritime
applications of sound waves—including
Lord Rayleigh’s suggestion in 1877
(Vol. 1 of The Theory of Sound) that
sound waves could be used to detect
icebergs at sea, and German physicist
Alexander Behm’s 1913 patenting
of the echo to measure the depth of
the sea—the first known use of ultra
sonic testing of solid materials came
in 1928 when Soviet scientist Sergei
Y. Sokolov proposed that with a

through-transmission technique (one
transmitter on one side of the material
and one receiver on the opposite side),
irregularities in solids such as metals
could be detected. The poor resolution
of his experimental devices prevented
their use at any practical level.
During World War II, various coun
tries adopted the technique used in
echo-sonar, known as pulse-echo. In the
United King
d om, the system was
developed with two independent
transducers to transmit and receive the
signal, while the systems developed in
the United States employed a single
transducer to transmit and receive the
signal. As each system has its advan
tages, they were both further devel
oped over the years and remain in
common use today.
All the systems developed during
World War II employed straight trans
ducers, forming compression waves
propagating perpendicularly into the
material and hence capable of detect
ing only planar discontinuities along
the same plane of the tested material
(i.e., at 90° of the beam of ultrasonic
waves).
After the war, the British scientist
Donald Sproule invented a transducer
that allowed for the creation of shear
waves in the material. It permitted the
detection of anomalies other than
planar faults.
Over the years, refinement of ultra
sonic flaw detection concentrated on
the accurate sizing of anomalies
detected and the graphic representa
tion of the results. Software was
developed that brought distance and
gain into the equation. At the same
time, the equipment became smaller
and more reliable.

Principle of Operation
Sound waves are organized
mechanical vibrations traveling
through a medium—a solid, a liquid,
or a gas. These waves will travel at a
specific speed, or velocity, in a predict
able direction, and when they encoun
ter a different medium, they will be
reflected or transmitted according to
simple rules. This principle of physics
underlies ultrasonic flaw detection.
All sound waves oscillate at a spe
cific frequency (i.e., number of vibra
tions or cycles per second), which we
experience as pitch in the familiar
range of audible sound. Human hear
ing extends to a maximum frequency
of about 20,000 cycles per second (20
KHz), while the majority of ultrasonic
flaw detection applications employ fre
quencies between 500,000 and
15,000,000 cycles per second (500
KHz–15 MHz). At frequencies in the
megahertz range, sound energy does
not travel efficiently through air or
other gases, but it passes freely
through most liquids and common
engineering materials.
There are two main types of ultra
sonic waves, categorized according to
the angle they propagate into the test
piece: compression waves, propagat
ing perpendicularly (90°); and shear
waves, propagating at angles between
70° and 30°.
Rayleigh-Lamb waves (aka surface
waves) are less com
mon but worth men
tioning, as they have
specific applications
in the marine world.
These waves travel
along the surface of
the test piece at 0°.

Transducers generate the various
wave types. These devices come in a
wide variety of frequencies, diameters,
shapes, and dampening characteris
tics, and are vital to any ultrasound
inspection.
Inspections can take place from a
single side of the test piece (pulseecho) or from both sides (throughtransmission). However, for simplicity
and reliability, most inspections (apart
from a few rare cases we’ll see later)
are from one side employing a single
transducer—a combined transmitterreceiver.
In basic form, a transducer is a
piezoelectric single element convert
ing electrical energy to mechanical
energy as ultrasound waves, and then
back again for the purposes of mea
surement. This active element (nor
mally made of polarized ceramics) is
mounted between a backing, designed
to attenuate and control the vibrations
generated, and a wear plate in front to
protect it from the elements and con
tact with the test piece.
A transducer propagates short pulses
of high-frequency ultrasound along a
narrow beam into the test piece. Where
the pulses strike the sides of the test
piece or discontinuities within the
test piece, some ultrasound is reflected
back to the transducer. These echoes
are detected, and their flight times are
measured electronically.

Ultrasonic testing can assess a broad range of materials including
solid rigging and deck hardware fittings (above), and composite
or metal spars (right). Note that very different transducer types are
needed to test different materials.
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Some variations on UT transducers: Left—A dual-element model fitted with separate transmitting and receiving elements on delaylines is especially adept at detecting pitting inside pipes or gauging thicknesses of extremely thin materials such as coatings.
Center—A simple delay-line model with a plastic spacer between the transducer and subject improves resolution of flaws near
the surface. Right—An angle-beam transducer can measure flaws directly at an angle, or by bouncing the sound waves off the
backside of the material to find flaws like this one in welds.

Sound propagates through a medium
at a constant velocity—a known char
acteristic of that material; therefore
echo times can be directly related to
distances. Those echoes are typically
shown graphically on a liquid crystal
display (LCD) as a graphic image.
Choosing the right transducer
depends upon the material character
istics and geometry of the test object.
There are three broad categories:
Contact, for propagating compres
sion waves in the piece.
Delay-line, for propagating com
pression waves but through a spacer.
Angle beam, for propagating shear
waves and surface waves.
Delay-line transducers are essen
tially contact transducers but with a
short piece of plastic in front as a sort
of spacer designed to improve resolu
tion of flaws close to the surface of
the test piece, and/or to improve
accuracy of thickness measurements.
Most transducers are available in
multiple frequencies suitable for find
ing different types of defects in a vari
ety of materials and part geometries.
There are also special transducers
designed to perform specific tasks.
Dual-element transducers, for
example, utilize separate transmitting
and receiving elements in the same
probe, and are mounted on delaylines. They are designed to improve
the sensitivity to echoes from irregular
reflectors such as corrosion pitting
inside a pipe, or thickness-gauging of
extremely thin materials or coatings.
Nearly all transducer types, with a
few exceptions (such as the wheel
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probe), require application of a
couplant to allow the ultrasonic waves
to pass into the test piece. Vaseline,
grease, or hair gel will all work; how
ever, my company favors medical-
grade ultrasonic gel, as it is fairly
inexpensive, almost entirely water
based, and does not contaminate the
part inspected.

Overview of UT Techniques
Ultrasonic data can be collected
and displayed in different formats.
The three most common are known
in the NDT world as A-scan, B-scan,
and C-scan presentations. Each mode
provides a different way of looking at
and evaluating the region of material
being inspected.
A-Scans
The A-scan presentation is the most
basic form of displaying the two
most important aspects of the ultra
sonic echo. The amount of received
energy (known as amplitude) is dis
played on a vertical (y) axis, while the
information regarding the time with
respect to a zero point is displayed on
the screen on a horizontal (x) baseline.
If the velocity of the tested material is
known, elapsed time is usually associ
ated with the depth of either the back
wall or the flaw within the test piece.
The signal received can then be
displayed as a common radio fre
quency (RF) form, as a fully rectified
RF signal, or as either the positive or
negative half of the RF signal.
In the A-scan presentation, the
flaw size can be measured only in
one dimension. The depth of the
anomaly in the test piece can be

determined by the position of the
signal on the horizontal sweep.
B-Scans
The B-scan presentation is a crosssectional view of the test piece. In
the B-scan, the time-of-flight (travel
time) of the sound energy is dis
played along the y-axis, and the
linear position of the transducer is
displayed on the x-axis. This allows a
much friendlier 2D graphic represen
tation of the approximate length of
anomalies and their relative positions
in the test piece. The B-scan format is
often applied with conventional
(A-scan) ultrasonic flaw detectors by
adding the required software. In com
bination with dedicated transducers
equipped with encoders, B-scan
allows plotting flaw depths (thick
nesses) according to their linear posi
tion by recording the location of each
received echo in a given datum.
C-Scans
Ultrasound’s two types of C-scans
are conventional and “phased array”:
Conventional C-scan presentations
provide a 2D plan view of the test
piece and any anomalies in it. Most
C-scans employ stationary automated
data-acquisition systems, such as a
computer-controlled immersion scan
ning system. Data presentation is
further enhanced by displaying the
measured depths in color. As with
the B-scan, the x and y positions can
be recorded.
Phased array, which can be accom
plished with portable equipment, is
a fairly recent development of the
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C-scan. Here, one axis is scanned by
manually moving the probe over the
test piece, while the numerous
agglomerated transducers within the
probe scan the other axis. The probe
of a phased array system can be made
up of as many as 128 individual elec
tronically controlled transducers,
which can be used either freehand or
with a portable scanning jig/encoder
to sweep larger areas in a single pass.
The graphic representation of the
defect is virtually three-dimensional
(3D), and is referred to as an S-scan.
Given that conventional C-scan
equipment is generally not portable,
and the cost of good phased array
equipment is nearly prohibitive
(about $100,000) for the average
marine professional, most yards will
be looking at the considerably more
affordable A-scans and B-scans.

plate

Left—A basic A-scan presents the results of the
ultrasonic probe as amplitude on the y-axis and
time on the x-axis. The time relation between the
initial pulse, the back-surface echo, and a flaw
echo can accurately locate the flaw’s depth.
Below left—A phased-array probe contains multiple
transducers that allow for precise, graphically
accessible representations of flaws within a
structure. Below—A phased-array probe can also
be applied to sweep a large area in an S-scan,
which indicates size and depth of flaws.

For inspecting forged metals, the
range of frequencies employed covers
nearly the entire spectrum of ultra
sounds in NDT (from 1 MHz to 15 MHz)
and is applicable to the following
tasks:
• Enhanced means of thicknessgauging the plating of metal hulls (for
example, in the presence of thick fair
ing compounds), where conventional
multi-echo thickness-gauging instru
ments will provide no readings due
to high sound attenuation of the fair
ing material. A 2-MHz contact-type
transducer with the correct settings can

normally gauge a steel plate through
nearly 1" (25mm) of filler (or 1⁄4"/6mm
of filler on aluminum plating).
• Detecting pitting corrosion inside
pipes (inspected from the outside) by
employing a high-frequency dualangled-element transducer to improve
focal resolution.
• Depth-gauging pits on shafts,
rudderstocks, etc. (complex geometry
pits) using a combination of the above
and/or a 70°-angle beam transducer.
• Detecting weld defects. The tech
nique is quite time-consuming and
requires specific training; however,
for the validation of repairs, it is

Practical Applications
It is important to specify the use of
ultrasonic inspection techniques for
either metals or composites.
Metals
The use of ultrasound to assess a
variety of flaws in metals (mostly of
the forged type) is extremely well doc
umented and fully reliable. Exceptions
to this are metallic castings, whose grain
structure is very pronounced, greatly
limiting the applicability of ultrasonic
techniques. (Specialized traini ng is
available for assessment of castings,
which are not covered in this article.)

One of UT’s greatest strengths is thickness-gauging metal hull plates—steel or
aluminum. Even where thick fairing compound interferes with the application of
conventional hull-assessment instruments, a correctly tuned 2-MHz transducer can
yield accurate plate-thickness readings.
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Above—Complex pit corrosion
on shafts and rudderstocks
is best gauged with a dual
element and/or a 70°-angle
beam transducer.
Left—Depending on their
length, keelbolts and other
fasteners are most effectively
tested with 5-MHz or 10-MHz
contact-type transducers.

decidedly more convenient than X-ray
radiography. This is normally carried
out to inspect butt and T-joint welds
in plating with a thickness >8mm
employing a 45°-angle beam trans
ducer. Well-defined acceptance and
rejection criteria of the flaws encoun
tered are set forth by all leading clas
sification societies.
• Testing the integrity of keelbolts
and other fasteners with 5-MHz or 10-
MHz contact-type transducers, depend
ing on the length of the fasteners.
• Testing rod rigging cold heads,
using a combination of compression
waves with a 10-MHz transducer and
surface waves with a 2.25-MHz trans
ducer. The latter is normally capable
of detecting defects up to 1mm below
the surface (non-surface-breaking
flaws) that would not be detectable
with dye-penetrant inspections.
• Testing rigging attachments (clevis
pins, toggles, etc.) as above.
• Detecting cracks in aluminum
masts and spars using a variety of
angle beam transducers on bare metal
after locally removing coatings in the
suspect area.
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Composites: Hulls and Structures
The biggest difference between
inspecting metal and composite struc
tures is the homogeneity of materials.
The grain structures of forged metals
are extremely fine and well defined
compared to those of a composite.
The latter resemble a “pudding” of
individual materials with huge differ
ences in sound propagation and grain
geometry (resin, fibers, fillers, etc.).
As a consequence, composite struc
tures generate an enormous amount of
scatter (similar to what you see on a
radar screen on a rainy day), which
prevents the use of the higher fre
quency (and higher resolution) trans
ducers and angle transducers. This
leaves the job to very powerful con
tact (or delay-line) low-frequency
transducers.
The range of frequencies employed
to inspect typical marine composites
is much narrower than for their metal
counterparts—largely between 0.5
MHz and 5 MHz. Higher frequencies
are normally useful only for thin aero
space-grade composite materials.
Ultrasonic flaw detectors suitable

Composite materials are far less homogeneous than metals; as a result, they are best
tested between 0.5 MHz and 5 MHz. Here, a grid is drawn around a damaged topside
area for UT analysis. Note that UT is better suited to solid single-skin than to cored
laminates.

for inspecting composite materials
employ special filters that minimize
the noise generated by the scatter by
further narrowing the frequency
bands of the echos received.
As a general rule, good-
q uality
well-consolidated carbon-fiber-
reinforced plastic (CFRP) is more

friendly to ultrasound than the basic
fiber-reinforced plastic (FRP) of
woven roving and chopped strand mat.
Because CFRP generates less scatter,
it can be inspected with higher-
frequency UT. Conventional FRP can be
inspected virtually only with 0.5-MHz
delay-line transducers.
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Carbon fiber spars are readily
ultrasonic-tested for disbonds
and delaminations. Inspectors
can locate cracks in aluminum spars by applying anglebeam transducers on bare
metal.

Kevlar is the laminate material least
friendly to ultrasonic inspection, and
large amounts of it may make inspec
tion nearly impossible.
Note that ultrasounds are more suit
able for detecting defects in monolithic
laminates than in sandwich (cored)

WWW.WESTLAWN.EDU

structures. Although some
unorthodox UT techniques
use extremely low-frequency
transducers (in the range
of 0.1 MHz)—which some
consider capable of assess
ing the bondline of sand
wich structures—in our
opinion, this should be left
to other techniques specifi
cally developed for this pur
pose, such as bond testing
and laser shearography (particularly
for honeycomb core).
Nevertheless, ultrasonic flaw detec
tion is extremely useful for assessing a
variety of monolithic laminates and
secondary bonds (monolithic-tomonolithic) such as:

• Hull structure—particularly highloaded areas such as slamming areas,
areas surrounding appendages, inte
gral composite chainplates—can be
inspected for the presence of delami
na
t ions and failures of secondary
bonds. Because of interference from
finishing coats such as fairing com
pounds, antifouling, etc., hulls are
normally inspected with 0.5-MHz
transducers equipped with delay-line.
• Rudder and daggerboard blades’
half-joints (secondary bondlines) can
be successfully inspected employing
two 0.5-MHz transducers in throughtransmission mode.
• CFRP rudderstocks can be
inspected for voids or porosity in the
laminate stack employing transduc
ers from 1 MHz to 5 MHz, depending
upon the laminate’s thicknesses and
quality.
• Masts, spars, spreader roots, and
goosenecks can be inspected for pos
sible delimitations and disbonds, as
above.
• Laminate exposed to environ
mental damage from fires, lightning,
etc. can be inspected with a higher-
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frequency transducer than normal
(after removal of coating layers) for
signs of increased scattering from
microcracking of the matrix.
• One particular advantage of ultra
sonic flaw detectors versus other NDT
techniques such as infrared thermog
raphy and laser shearography is its
great portability and ruggedness; it is
virtually the only possible technique
to inspect a mast from aloft in a
bosun’s chair far above the deck.
• With the correct transducer and
settings, ultrasonic flaw detection
equipment can be used as an accurate
gauge to measure the dry film thick
ness (DFT) of a variety of coatings
(including primers, topcoats, gelcoats,
varnishes, etc.) as applied to a variety
of substrates such as metal, FRP, and
wood.

Limitations of UT
Fairing compounds inhibit the
passage of ultrasonic waves (mostly
at high frequency).
An even surface is required for
good transducer contact.
To limit costs, virtually all ultrasonic
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inspection of large areas is by necessity
spot-type inspection. This means that
the assessed area is limited to imme
diately below the transducer, clearly
more restrictive than the full field
offered by other NDT techniques.
Bondlines in honeycomb and
low-density foam-cored composite
panels are normally not inspectable
by A-scan (only by phased array or
bond testing). Techniques exist but
are unreliable in the presence of fill
ers, coatings, etc.
A-scan (in combination with low-
frequency transducers) allows good
penetration in composite materials but
yields poor definition. Conversely,
C-scans and S-scans (normally

The grid on this hull is laid out to test
for delamination and bond failures in
way of the integral composite chainplates. Note the residual couplant
(commonly Vaseline, hair gel, or
medical-grade ultrasonic gel) that
facilitates conduction of sound waves
into the test material.
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employing higher frequencies) have a
good definition but poor penetration
in composites.
Ultrasonic waveforms (particularly
the A-scan) can be difficult for the
untrained eye to interpret.
Although screenshots of the wave
form can normally be saved, A-scans
do not provide a good record of
inspection (apart from the inspector’s
report), when compared to X-ray
(radiographs) or IR thermography
(thermographs).

Cost and Training
Although not cheap, good-quality
ultrasonic equipment capable of per
forming the aforementioned tasks can
be considered reasonable if you factor
in its versatility. The main investment
is the ultrasonic flaw detector. A goodquality model can be purchased for
about $20,000; used ones are available
at half that cost. The large number of
various probes can be purchased if and
when needed, at a reasonable cost.
Transducers for different applications
range in price but generally average
$300–$400 each.

NDT Training and Certification

I

t is one thing to invest in equip
ment but another to have the train
ing and knowledge to use it to its full
potential.
Although the certification of non
destructive-testing operators is mostly
a process of providing documented
evidence to third parties that an indi
vidual is qualified to do certain work,
it undoubtedly provides the necessary
knowledge to perform given tasks
professionally. This is particularly true
for ultrasonic flaw detection, where
setup procedures can be complex,
and the intuitive components of the
information provided by the equip
ment are virtually nil.
NDT operators can be trained and
certified either by their employers
or by recognized external training
centers.
In employer-based certification sys
tems, the employers are responsible
for the administration of the training
and the qualification examinations of
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their employees. Upon proof of
qualification, employers may issue a
certificate and can authorize their
personnel to perform NDT tasks. In
all employer-based systems, the
employer is responsible for authoriz
ing its personnel to perform such
work. Because this certification is usu
ally tailored to an employer’s specific
needs, the resulting certifications
expire when an employee leaves the
company. A typical example of an
employer-based system is the SNT–
TC–1A certification scheme set up by
the ASNT (American Society for Non
destructive Testing).
In external certification systems,
training and qualification examina
tions are administered by indepen
dent bodies based on international
certification standards such as ISO
(Inter
n ational Organization for
Standardization), EN (European Stan
dards), or ASTM (American Society for
Testing and Materials). To be eligible

to sit for these examinations, a pro
spective candidate must provide to the
certification body acceptable documen
tation of his or her training and experi
ence. The certification body will issue
a certificate attesting that the named
holder has met the requirements and
passed the examinations described in
the certification system. These certifica
tions remain with the individual.
Methods versus Techniques
To better understand the various cer
tification schemes, it is important to
know that although in informal speech
the two terms methods and techniques
are interchangeable, their formal mean
ings in the NDT world are completely
different. Ultrasonic testing (UT), infra
red thermography (IRT), laser shear
ography (LS), radiography (RT), liquid
penetrant (PT), etc. are referred to as
methods. Techniques are specific cate
gories within a given method. For
example, ultrasonic thickness-gauging,
ultrasonic testing of weld joints, phased

array, inspection of castings, and
ultrasonic testing of composites are
some of the techniques within the UT
method.
Certification Levels
NDT certification programs have
three levels of qualification: Level I,
Level II, and Level III. These levels
can be found in all certification
schemes and vary only slightly
between certification bodies. The lev
els can be found in all types of NDT
methods/techniques.
• Level I technicians are qualified
to perform only specific (repetitive)
tasks under the strict supervision of a
Level II technician. Level I is typically
the entry level into NDT to gain the
experience required for higher levels,
and is generally insufficient to per
form inspections autonomously.
• Level II technicians are able to
select, set up, and calibrate the correct
equipment for the inspection, conduct

The tool is only as good as the
technician wielding it, so training is
an essential component when making
the considerable investment in UT
equipment.
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the inspection according to given pro
cedures, as well as interpret, evaluate,
and document results. Level II techni
cians can also provide hands-on train
ing for Level I technicians and act as
supervisors. They must be familiar with
all applicable codes, standards, and
other documents that control the NDT
method and technique being utilized,
and should be able to organize and
report NDT tests.
• Level III technicians should be
further capable of developing inspec
tion procedures; interpreting codes,
standards, and specifications; and
designating the particular nondestructive testing methods, tech
niques, and procedures to be used.
Level III technicians are responsible
for training and examining Level I’s
and Level II’s. In smaller businesses,
Level III technicians are outside
consultants who help with written
practices and training. Level III quali
fication can be granted only by an
independent third-party certification
body.

Requirements for UT Technicians
The education and work-experience
requirements for the various methods
are common or similar among the
various certification bodies. Require
ments of the most common certifica
tion schemes for ultrasonic testing are
listed in the chart below:
Certification for a particular tech
nique within a method requires
further specific training. Ultrasonic
testing of weld joints, for example,
requires an additional 40 hours of
specific training.

SNT–TC–1A
Cert.
Level
I
II
III

Experience
Months
3
9
18

EN 473
Training
Hours
64
80
72*

Experience
Months
3
9
18

* The hours required depend on the level of education (for example, graduation from a technical college
or university may reduce requirements by up to 50%).
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Experience
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Training
Training
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Method NDT
40
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40
40
630 1,200
80
–
*
*
40
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Level II training/certifications are
readily available for most techniques
through accredited training centers—
except UT of composites, which
unfortunately is normally adminis
tered only under in-house (employerbased) certification schemes.
All certificates are subject to
review every five years, when hold
ers must demonstrate having contin
uously performed NDT inspections in
the envelope of their certifications. If
they cannot, they must sit for a
refresher examination.
—Roby Scalvini

®

In my experience the investment
in learning to interpret waveforms
(A-scan) is worthwhile. Once one
has become familiar with the tech
nology, A-scan has the advantage of
being less likely to draw the opera
tor into the false impressions some
times inspired by more accessible
graphic imaging techniques such as
IR thermography.
With the above clearly in mind,
and a reasonable budget at hand,
ultrasonic flaw inspection can poten
tially open up additional work and
income to surveyors and boatyards
alike. And when the project at hand
seems too daunting for in-house
expertise, I hope that the above
information will help boat builders
and yard operators understand the
basics of UT when they bring in NDT
specialists.

UT units are relatively portable
and self-contained. At a purchase
price of about $20,000, they also
require the accumulation of
multiple transducers, at between
$300 and $400 each, for the
variety of materials and tests
possible with UT technology.

It’s not enough to just pur
chase the equipment and
have it on hand in the yard.
Training, which can cost
approximately $4,000–$5,000,
is essential to successful ultra
sonic flaw inspection.
Devising inspection proce
dures and instrument setups
and understanding the right
transducer for the job at hand
require formal training. And so does
the interpretation of the graphic rep
resentations on the instrument
screen—some of the least intuitive of
the entire NDT world when compared
to the graphic clarity of, say, infrared
thermography.

Given the great varieties of tasks and
situations for which an ultrasonic flaw
detector might be employed on boats
and around boatyards, the minimum
training required would be for a certi
fied Level II inspector (see the sidebar
“NDT Training and Certification”).

About the Author: Roby Scalvini, the
principal surveyor at the Marine
Survey Bureau in Palma de Mallorca,
Spain, is a specialist in advanced nondestructive testing, and is a contributing editor of Professional BoatBuilder.
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