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by Kerim Genc
There are several options available for
fabricating industrial parts, including
additive manufacturing (AM) and
subtractive manufacturing (SM). During
AM, layers of material are successfully
generated in order to build a physical
object. This process is often referred to
as 3D printing. By contrast, SM removes
material sections through machining and
cutting processes; for example, through
computer numerical control (CNC)
machining.
AM processes are typically used in
product design and prototyping, where
smaller, or more intricate, components
are needed. These components are
typically made using materials such as
plastic, polymers, ceramic, or metal,
and, depending on the application,
manufacturing is scalable to different
industrial requirements. By contrast, SM is
a more manual process that is better suited
to larger metal parts.
The range of AM technologies is
classified into several categories, including
binder jetting, material jetting, direct

energy deposition, sheet laminations,
material extrusion, powder bed fusion, and
vat photo-polymerization. Each category
includes several different processes; for
example, an incomplete list includes
stereolithography (SLA) and selective
laser sintering (SLS) for polymers and
composites, and selective laser melting
(SLM), binder jet (BJAM), and electron
beam powder bed (EBM) for metals. A
detailed explanation of these processes is
beyond the scope of this article; however,
interested readers can refer to a paper
published in Materials Evaluation for an
overview of the various techniques used in
AM (Hassan and Kirka 2018).
AM for Orthopedics
AM is ideally suited to making orthopedic
devices because it allows for the freedom
to create highly complex parts, eliminates
the need for dedicated tooling, and
allows for unparalleled design flexibility
for patient-specific needs. Despite
these advantages, however, there can be
problems with accuracy, quality, strength,
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and long-term reliability. To address
these issues, several post-manufacturing
quality assurance techniques incorporating
nondestructive testing (NDT) have
been developed in the industry (such as
radiographic testing, ultrasonic testing, and
liquid penetrant testing) with varying levels
of success depending on their context of
use and which AM technique was used.
Manufacturers typically compare the
geometric differences (cracks, pores, and the
like) between the computer-aided design
(CAD) and reality (the as-manufactured
part) by using either computed tomography
(CT) or optical surface scanning techniques.
However, this process may not tell the
whole story since geometric deviations
from design do not necessarily indicate
how the part will perform once deployed
in the real world. The standard approach
to understanding performance under realworld loading conditions has been through

either benchtop testing, which is expensive
and limited in scope, or CAD-based finite
element (FE) simulation, which uses a
numerical representation of the structure
to solve physics-based problems. Although
FE simulations can widen the scope and
reduce cost, they are typically based on an
idealized geometry that does not always
represent the as-manufactured reality. Using
CT scan-based modeling techniques that
link 3D imaging and FE simulation allows
manufacturers to nondestructively compare
the performance of as-designed and as-built
AM parts, telling a more complete story of
the effectiveness of the build and quality of
the part.
Spinal Truss Example
In the area of orthopedic devices, we
have recently seen this CT image-based
modeling technique work well for a project
on an AM spinal truss device manufactured

using electron beam melting and designed
to stimulate bone-implant integration
and joint stability. A streamlined
proof-of-concept workflow was set up
to link CT, AM, and FE simulations,
beginning with a scanned 3D-printed
implant. Image processing software was
used to work on the image data, carrying
out virtual deviation analysis between a
CAD design and the scanned part, and
export high-quality models into simulation
software to compare the performance of the
original design and actual part.
Results showed good agreement between
the two sets of data, and performed
comparably for simulating plastic strain
and displacement, with differences in
yielding, or permanent deformation, still
being safe for patients. These results were
expected since the current workflow is an
initial proof of concept on a device that
was already cleared by the FDA and is in

Simulation tool

(a)

CT scan
computer model
Simulation tool

(b)
Figure 1. Example workflow for comparison: (a) as-designed (CAD) part (left) and CAD-based simulation (right); and (b) as-built AM part
(left) and image-based simulation (right). Note: Simulated loads were well above typical physiological loading conditions, and the displayed
preliminary results are shown as a color map of stresses.
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Figure 2. As-designed CAD and image-based model overlaid for analyzing differences
between different versions of the same part.
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full production. The goal of this project
was to establish the workflow, validate
it with physical testing (currently being
performed), and then apply it earlier in the
design workflow for future devices.
The comparison of the as-designed
workflow to the as-built workflow is shown
in Figure 1. Figure 1a is a model of the
spinal truss created in a CAD program and
then sent to an FE simulation program
to simulate as-designed stress under a
compressive load. Figure 1b is an AM
part (as-built) that is then CT-scanned,
imported into a 3D image processing
software, and then exported to an FE
simulation program to calculate the as-built
stress under the same load.
A particularly useful step in this project
involved using software to overlay the
CAD and as-built models of the part, as
seen in Figure 2. From this model, we then
generated a heat map (Figure 3), showing
deviations between the idealized design and
the actual part that was CT-scanned, which
allowed for an analysis of the changes that
occurred during the manufacturing process.
We found that this approach was beneficial as a proof of concept for the device
manufacturer, as it generated quantitative
data for going back and adjusting the
AM process to minimize the impact of
functional differences in a final product.
Comparing as-built and as-designed parts
through virtual simulation-based NDT
is scalable to greater levels of detail and is
also applicable to nonmedical industrial
parts and any work involving AM parts.
We are seeing positive ongoing work in
this area and believe it should help make
AM a more common part of future
manufacturing workflows. h
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Figure 3. Heat map generated to visualize deviations between the as-designed CAD and
the image-based model.
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Aerospace NDT
Part 2: Inspection of Composite Materials

Editor’s Note: The following is the second of a two-part series
on nondestructive testing (NDT) for the aerospace industry. The
text and figures have been excerpted from Aerospace NDT, an
ASNT Industry Handbook (2014). Part 2 focuses on the NDT
of composites, which are widely used in aircraft and spacecraft
structures. This article touches on the key NDT methods and
techniques that are commonly used.
Development and use of composite materials in aerospace
applications originated during World War II. Material
scientists were attempting to develop materials with good
specific strength and stiffness that surpassed existing structural
materials. One of the earliest uses of composite materials
was in glass fiber reinforced polymers for rocket motors
(ASM 2001). Plastics were a material type that consisted
of organic polymers combined with hardeners, fillers, and
reinforcements. The polymer and its additions are typically
processed at elevated temperatures that produce flow of the
polymer to help achieve the final shape, which is retained
upon cooling to a solid state. Plastics are categorized into
either thermoplastics or thermosets.
Thermoplastic materials are capable of being repeatedly
softened by increasing the temperature and then hardened
with a decrease in temperature. When heated, thermoplastics
can flow and be molded or extruded into a new shape
and, after decreasing the temperature, the material hardens
and retains the shape until it’s heated again. The sequence
of heating/softening/flowing/shaping can be performed
repeatedly and the material characteristics always remain
the same after cooling/hardening. Thermoset plastics, on
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the other hand, differ in that after the initial flow and
formation of a shape, they cannot be softened and reshaped
by increasing the temperature—in essence, their shape is set
(ASM 2001). The selection of a thermoplastic or a thermoset
for an application can depend on the optimization of a
number of factors. Thermosets have been more widely used
in aerospace because of performance, manufacturing, and cost
trade-offs in material selection.
Initial applications of composite materials in aircraft
structures were primarily simple shapes that were not primary
structure. Eventually composite materials migrated into
doors, fairings, and control surfaces, and finally into the
primary load-carrying structure. The selection of which NDT
method to use to inspect composite structures (either at the
time of manufacture or later in service) will be based on the
sensitivity and resolution of the method(s) to the features
or discontinuities of interest, the ability of the method(s) to
meet the required rate of coverage, and the overall cost.

Visual Testing
Visual testing is the first evaluation a carbon fiber reinforced
polymer (CFRP) structure receives after manufacture and
plays an important role in the application of other methods of
NDT. This may be simply a quick evaluation of the condition
of the structure after removal from the autoclave. After
removal of the tooling and bagging materials, the surfaces of
the component may be viewed for excessive wrinkles, holes,
gaps between adjacent plies, surface voids, cracks, buckling,
and other conditions. This visual check is normally done
without magnification. Just as the actual part itself is viewed,

the tooling and bond forms may be viewed for discontinuities and
alignment problems. These evaluations are normally performed
by manufacturing personnel. A more thorough evaluation may
be required by engineering personnel. This may entail looking for
resin-rich or resin-starved areas, blisters or delaminations in the
exterior plies, surface voids, and edge separations. If the matrix
material is semitransparent, this evaluation may also include looking
for internal voids by shining a high-intensity light through the
structure and viewing it in a darkened area.
Visual testing of CFRP composite materials is more difficult
than that of most other engineering materials because the CFRP is
heterogeneous (ASNT 1993). A perfectly good structure may have
variations in resin, causing color variations on the exterior surface,
surface roughness, or waviness due to woven materials used to apply
pressure during the layup or due to benign surface features such as
small voids or wrinkles.
Preparation of the part to be viewed is important in visual testing
of composites. Often, structures cannot be viewed immediately
after manufacture. Edges and bag side surfaces must be trimmed
extensively to remove excess resin. After trimming operations
conclude, there may be dust and residue on the surfaces. Sanding or
polishing of the edge may be necessary if the edge of the structure
must be viewed. After the cleaning, good lighting is essential.
Straight-on lighting may be needed to see the features at the bottom
of a void; oblique lighting may be needed to distinguish between a
protruding or concave surface feature.
Because of heterogeneity, it is important to choose an appropriate
scale factor for viewing composite materials with magnification.
Many visual tests are performed with 5× to 10× power. This
relatively low power evaluation is a balance of close viewing of the
small surface imperfections and retention of the ability to view a
significant surrounding area for perspective and comparison. Figure 1
shows matrix cracks in CFRP (notice the prominent crevice).
Because a visible light image can be readily viewed,
documentation of an evaluation is important. Often the visual test
will be requested and documentation will be required because of an
anomaly detected with another form of NDT. Low magnification
imaging is useful to document surface discontinuities, as shown
in Figure 2. Microscope photography is useful in imaging
discontinuities that have been cross sectioned and polished.
In-service visual testing is performed on large aerospace structures
to identify damage at the visible impact damage detection level.
Visual testing is the first opportunity to detect damage to an aircraft
from hail impact, runway debris, or lightning strikes. Looking at
the structure for dents, buckled areas, or discoloration is part of
preflight inspection. Depending on the size of visible damage, more
extensive nondestructive inspections may be applied to determine
the required repairs. Some aircraft radomes (antenna housings)

Figure 1. Actual matrix cracks in CFRP.

25 mm (1 in.)
Figure 2. Voids exposed on composite surface.

have had excessive static discharges that have resulted in burns
to the composite. These burns are visually detected and then the
composite structure is measured by ultrasound and radiography.
These visual evaluations often are required at fixed in-service
intervals. The visual indication is the first sign of something wrong
that the follow-up NDT reveals.

Ultrasonic Testing
Ultrasonic testing (UT) is used extensively for the detection
of cracks, corrosion, delaminations, and disbonds in aerospace
structures. The ultrasound method of NDT consists of a mechanical
wave that is transmitted and reflected through a material and is
therefore particularly effective for testing the consolidated quality
of composite materials. Given the size of many aircraft structures,
large-scale automated scanning systems have been developed
to inspect various aircraft structural components (Figure 3).
Aerospace inspection involves both inspections at manufacture
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Figure 3. Gantry scanner inspection of a large aircraft component.

and periodic inspections in the field. Many UT designs, such as
squirter systems, require the disassembly of the component from an
aircraft for inspection. Over the years, mobile UT equipment has
been developed and used in depot maintenance environments for
on-aircraft inspection (Figure 4).
For composite inspection, UT is used to validate the
consolidation of the material following the cure cycle. Ultrasonic
beam theory and system technology are used to focus energy and
provide coverage based on the geometric configuration of the
aerospace components. The major concerns for composites are the
detection of porosity, foreign material inclusions, disbonds, and
delaminations. The UT system will be qualified for the inspection
based upon the ability to detect the discontinuity criteria defined by
structural requirements and built into test standards. Figure 5
shows a multiple-axis squirter UT system for the inspection of
complex contoured aircraft structures. Such systems can align to the
surface at the proper angle for the desired inspection. Both throughtransmission and pulse echo tests can be performed simultaneously.
Similar systems can be designed for very high scanning rates by
the addition of transducer arrays and surface-following transducer
technology. Typical production data spacing will be set at one-third
the minimum discontinuity size to be detected by the specification.
This means that, for a 0.25 in. (6 mm) discontinuity, data spacing
will be set at 0.080 in. (2 mm). Single transducer systems can
operate at about 20 ft2/h (1.9 m2/h) of coverage, depending on part
complexity. Array based systems can test faster than 100 ft2/h
(9 m2/h), and some systems can operate at over 1000 ft2/h
(90 m2/h).
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Figure 4. Example of a portable scanner.

Figure 5. Multiple-axis ultrasonic system for inspection of
composite structures with complex contours.

Once a composite structure is in service, there is normally no
requirement for periodic ultrasonic inspection. However, if visual
inspection shows surface damage or suspected significant impact
is known, then UT may be employed. These in-service ultrasound
inspections can check for the extent of subsurface delaminations,
disbonds, cracking, and heat or chemical damage.

Radiographic Testing
Penetrating radiation inspections are applied to composite structures
for the detection of variations in resin and fiber content and also
when composites are joined with other materials. The radiographic

methods are useful for detecting density variations and cracking.
Computed tomographic (CT) imaging is particularly advantageous
to show internal material variations and details. Figure 6 shows a
CT image of a composite J stiffener, where the variations in the
consolidation and the ply layups can be evaluated, particularly at
the T junctions. CT can also image wavy or crimped fibers after
curing, which are difficult to detect using other methods.

Thermal/Infrared Testing
Thermography or thermal/infrared testing (IR) uses changes in the
surface temperature of parts under inspection to detect subsurface
anomalies. The heat transfer properties of composite materials are
well suited to the application of IR inspection. Both passive (using
ambient temperature effects) and active (using stimulation) can be
usefully employed on composite materials.
IR has been implemented by numerous military and commercial
organizations for the detection of trapped water in honeycomb
sandwich structures (used in rotor blades and fixed wing rudders),
elevators, ailerons, and other control structures. Various forms of
excitation are used, including heat guns and lamps, flash excitation,
direct contact, and passive heating. Thermographic detection of
water is based on the uniquely high heat capacity of water relative
to other materials in aircraft construction. Water absorbs incident
heat but changes temperature far less than composite or metallic
materials. As a result, surfaces in contact with trapped water appear

to be cooler than surrounding dry areas. The success of a trapped
water inspection will vary, depending on several factors: contact
between water and the inspection surface, the extent to which the
honeycomb cell is filled, the number of adjacent filled cells, the core
material (for example, aluminum, fiberglass, or foam), the presence
of excess adhesive or sealant, and skin thickness.
In severe cases of water entrapment (for example, if several adjacent
cells are nearly full and water is in contact with the test surface), the
inspection is relatively simple and can be conducted using a heat gun
or lamp while the technician inspects the surface directly with an
infrared camera. Cool spots associated with trapped water are readily
identifiable; they persist long after the heat source has been removed.
Figure 7 shows an example of finding water in honeycomb by using a
hot air gun and an infrared camera on a rotor blade.
The inspection becomes more challenging for smaller amounts
(both cell fill volume and number of cells) of water; for water
not in direct contact with the inspection surface; and where the
presence of excess adhesive or sealant also absorbs incident heat,
which generates a false “cold” indication that resembles water.
With additional instrumentation, the inspection can be performed
quickly and with validation of the presence of water. For example,
using thermographic signal reconstruction derivative analysis of
flash thermography data, a partially filled single cell can be detected
and confirmed in less than 20 s (Figure 8).
In the process of manufacturing composite structures, stray pieces
of polymer or paper backing material may adhere to a prepreg sheet
and become inadvertently embedded in the layup. Once the part is
cured, such foreign objects compromise the strength and integrity

13 mm (0.5 in.)

Figure 6. Computed tomography (CT) image of graphite epoxy
woven J stiffener showing ply condition and consolidation.

Figure 7. Infrared image of helicopter rotor blade during heating by
hot air gun.
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(a)

(b)

Figure 8. Flash thermography of composite aircraft spoiler with trapped water: (a) the raw thermal image acquired 11 s after flash shows dark
spots due to water and excess adhesive; (b) the thermographic signal reconstruction first derivative image identifies water entrapment sites.

of the structure. Detection before deployment of the finished part
is essential. Thermography may be performed on either the green
(uncured) part or after the part is cured. In the green state, the low
density of the prepreg material limits the depth penetration of the
applied heat. Active thermography with optical excitation may be
effectively performed on the first four to six layers of the layup.
In practice, this thickness often coincides with the compression
(“debulk”) process that is performed after the addition of every few
ply layers to remove wrinkles and air gaps. In the green state, small
voids, delaminations, or foreign objects may be masked by the fiber
structure, which is quite apparent in the thermography results.
Signal processing may be required, in addition to two-dimensional
image processing to minimize fiber clutter.

Laser Methods Testing
The shearography laser method technique uses the measurement
of small surface displacements due to stress loading to identify
subsurface material variations. Shearography has been found to
be particularly useful in composite honeycomb manufacturing
inspection where a slight external pressure change is able to induce
surface deformation due to internal issues such as delaminations,
disbonds, and inserts. Figure 9 shows an example of a honeycomb
panel inspection using laser shearography. Shearography has been
successful in both manufacturing and in-service inspection of
composite honeycomb structure. h
REFERENCES
ASM, 2001, ASM Handbook 21: Composites, ASM International, Materials
Park, OH.
ASNT, 1993, Nondestructive Testing Handbook, Vol. 8: Visual and Optical
Testing, 2nd edition, American Society for Nondestructive Testing,
Columbus, OH.

EDITOR’S NOTE
Aerospace NDT, An ASNT Industry Handbook, is available for purchase
from the online ASNT Store at asnt.org.
Figures 1 and 2 first appeared in ASNT’s Nondestructive Testing Handbook,
Vol. 9: Visual Testing, 3rd edition (2010). Figure 6 first appeared in
Nondestructive Testing Handbook, Vol. 4: Radiographic Testing, 3rd edition
(2002).
Figure 9. Shearogram of a honeycomb panel showing cells,
disbonds, embedded tubes, and metal inserts.
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Practitioner Profile
NameHunter
Marc
Intro.

Q: Question?
A: Text.

Marc Hunter is a recent ASNT
member who decided to start over in
a new career field after 10 years as a
math teacher and 17 years working
in the IT industry. He is achieving
goals in his budding career in NDT
with the help of his mentor and
support from his local ASNT section.
He is currently a Level II Fluorescent
Penetrant Inspector and works for a
major aerospace manufacturer located
in Texas.

Q. How did you get started in NDT?
A. I am a 52-year-old who decided to start over in a new career
field after 10 years as a math teacher and 17 years working in
the IT industry. In essence, I hit the reset button. In August
2017, I left my job as a software support specialist because
the level of stress was causing me to have weekly migraines
and my wife finally said, enough! She could not sit idly by
and watch me go through that any longer. My rising stress
level was becoming a serious issue.
Initially I had my heart set on becoming a welder. It
was then that my father, a master welder himself, suggested
the field of nondestructive testing (NDT). He mentioned
that there was a shortage in the field and that he knew it
was something I could do, and my wife agreed with that
assessment. I began researching schools and in January 2018
I was on the road to Houston to start the program at Lone
Star College.
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Q. How did you first get involved with ASNT?
A. From day one of classes, Christopher Young, the director of
the program, came into our classrooms and encouraged us
to join both ASNT and AWS (American Welding Society).
He said it would be the best $30 we would spend in our
lives as students. My UT instructor, Robert Giles, concurred
and reminded us often that we should join. He strongly
advised us to take advantage of the local meetings to meet
the professionals in the industry that we hoped to someday
work in. It made sense: go, hang out with men and women
in the industry, have some dinner, learn about what’s new in
the industry, socialize, make connections for our future—a no
brainer. So, I did just that. I joined both ASNT and AWS and
then began going to the monthly ASNT Greater Houston
Section meetings. I also spent a lot of time on the ASNT
website learning about the benefits and the programs offered.
Q. Did you have a mentor in NDT? How did this mentoring
relationship unfold?
A. One day, Mr. Young mentioned ASNT’s mentoring program
in passing. I recalled that Mr. Giles also strongly suggested
it. It made sense to me that in this brand-new industry
a mentor would serve me well. A mentor could help me
navigate the challenges I would inevitably face that could
either make or break me in this industry. I logged on to
the ASNT website one day and filled out the mentorship
request application. A few weeks later I received an email
advising me that I had been assigned a mentor. Immediately
I reached out to Scott Rose, and we began a dialogue that
continues to this day.
In many ways, Scott reminds me of my father. My father
is a boilermaker by trade; has been for more than 50 years.
To this day he wakes up before dawn and reads and works on
his craft. His work ethic is unchanged. Learn, read, practice,

and be the best at the work you do. A simple but extremely
admirable work ethic passed down from my grandfather.
Q. How did your relationship with your mentor impact your NDT
career?
A. Scott was interested in helping me become an NDT inspector and
helping me go as far as I wanted to. Furthermore, I honestly believe
in my gut that Scott was enthusiastic about helping me because
I had an end goal in mind that was beyond just getting a job and
working in the new field at the first job I was offered. I made it clear
to Scott that I ultimately wanted to become a Level III inspector in
either the aerospace, aeronautics, or automotive industries. I think
this was music to his ears because we began a meaningful dialogue
right away. He advised me on the trends he saw in the industry,
both good and bad, and that helped me tailor my efforts in class to
focus on certain things more than others. This invaluable guidance
allowed me to avoid the minutia and gloss over some of the older
technology. This also steered me to research emerging technologies
and to apply my efforts to acquiring that knowledge along the way.
Scott’s guidance led me to read more articles and to research more
topics than what I was learning in class. I spent hours between
my part-time job and school researching topics like computed
tomography, the use of drones in NDT, and even attended a couple
of trade shows and seminars along the way. All of this because my
mentor was directing me toward the goals I had in mind. Scott also
suggested books to read and keep in my arsenal that would serve me
throughout my upcoming career.
Best of all, Scott told me that, based on what he saw on my
resume and what we had been discussing, he may have a lead
on a job as a fluorescent penetrant inspector once I finished my
coursework, if I was interested. What?! If I was interested? Well, of
course I was interested!
Q. What are your professional goals?
A. I am well on my way to the goals I set with Scott at the beginning
of our mentoring relationship. As of December 2018, I am a
Level II Fluorescent Penetrant Inspector (the job that Scott first
mentioned to me). I am not even close to being done; this is just
the beginning. I work in the industry of my choosing at a company
that is a leader in the industry and has been for decades and will
likely be for decades to come.

with specific testing criteria that must be followed. There is a lot
of reading all day if you do your job properly. You are constantly
reading and following procedures and operating instructions.
Additionally, results from each batch of parts must be documented
before moving onto the next. Record keeping is crucial.
Q. How do you stay on top of new trends?
A. I currently have a growing library of NDT books, articles, and
newsletters that I am constantly reading. My instructors at Lone
Star College drilled into us that as NDT inspectors we should be
constantly reading and learning in order to keep up with current
procedures and changes to our industry if we hoped to remain
effective inspectors. Scott reiterated that and proactively showed
me by also giving me some extra copies of industry literature.
Q. What advice would you offer to individuals considering careers
in NDT?
A. If you are a student in NDT, I implore you: invest $15 for the
student membership in ASNT, attend the monthly section
meetings, and by all means, apply for and ask for a mentor in the
field you hope to work in. I am telling you, nothing but good can
come from it if you take the time to do just a little extra. Going to
class alone may not be enough. In this industry, as for many out
there, those who get things done and get what they hope for are
the ones who take the time to get to know the right people at the
right time in the right places. ASNT provides a platform to allow
you to do just that. Do not let this opportunity pass you by.
Q. What’s the best part about working in NDT? What is the most
rewarding aspect of your work?
A. I can answer these two questions together because the answers are
the same. I take great pride in being an integral part of a team of
professionals that keeps aircraft working in tip-top shape. I treat
each and every part I inspect as if my family is traveling on the
aircraft that the part will be placed into. h
Marc Hunter can be reached at maliante23@gmail.com.

Q. Describe the work you do. What is a typical day?
A. I inspect aircraft components for surface cracks and discontinuities
that are not usually visible to the naked eye using the water
washable liquid penetrant method. A typical day begins with me
running process controls to test the integrity of both the penetrant
and the developer before we begin processing parts. I normally
work alone unless I have a trainee I am instructing. Once the
quality control has been passed, I begin processing parts per the
specified procedures. Each part we process has different procedures

Marc Hunter (right) with his mentor Scott Rose, whom he met
through ASNT’s mentoring program.
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Crossword Challenge
1

| Introduction to NDT

2

3
4
5

6

7
8
9
10

11

12
13

14

Content adapted from
Programmed Instruction Series:
Introduction to NDT (2019)
—available now from the
ASNT Store!

Across

Down

3.
5.
7.
10.

1. with respect to nondestructive testing personnel, having written
testimony of qualification
2. acronym for light amplification by stimulated emission of
radiation
4. the distance between the probe coil and test object in
electromagnetic testing
5. SI unit of measure for magnetic flux density
6. current flow across a gap, producing intense heat and light
8. in gamma ray radiography, flexible cable to which an isotope
bearing pill may be attached
9. part of weld where two welded parts meet
11. a transducer that picks up echoes in ultrasonic testing
12. formation of small cavities in a surface by corrosion
14. chemical cleansing process for controlled removal of a surface
material in liquid penetrant testing

10. radiography
13. defect

Down
1. certified
2. laser
4. liftoff
5. tesla

6. arc
8. pigtail
9. joint

11. receiver
12. pitting
14. etching

14 · Vol. 19, No. 2

Across
3. borescope
5. transmitter
7. yoke

remote viewing device
a transducer that emits ultrasonic energy
portable U-shaped electromagnet used in magnetic particle testing
use of penetrating radiant energy in the form of X-rays, gamma
rays, or N-rays
13. a discontinuity whose size, shape, orientation, or location exceeds
an accept/reject criterion
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