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Rotary Bolt Hole Eddy Current Inspection — Optimizing
Performance Through Filter Selection and Phase Analysis

R

by John C. Brausch,* Kenneth J. LaCivita,* and Daniel C. Laufersweiler †
Rotary bolt hole eddy current (BHEC)
is widely used throughout the aircraft
industry, both civilian and military, for
detection of fatigue cracks within
holes from which structural fasteners
have been removed. Although the
inspection is fairly straightforward to
perform, its reliability is highly
dependent on equipment setup
parameters and signal interpretation.
Parameters such as drive frequency
selection, filtering and phase angle
adjustment are critical, but often are
not optimally employed. Improper
selection of drive frequency, phase
adjustment and/or filters can
introduce excessive inspection noise as
a result of being too sensitive to
signals from nonrelevant surface
features or may result in suppression
of relevant responses, potentially
allowing significant defects to remain
undetected.
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This article highlights the role of
frequency selection, filtering and
phase separation to: (1) maximize
signal-to-noise ratio, (2) achieve
optimum detection performance, and
(3) reduce the propensity for false
positives.
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The equipment used for BHEC
inspection typically includes a portable
eddy current instrument, a hand held
high speed rotary scanner, eddy
current probes that typically contain a
differential coil (or in some cases an
absolute eddy current coil) and the
appropriate cables and reference
standards (Fig. 1). Modern eddy
current instruments employ two basic
methods for displaying BHEC signals:
(1) the impedance plane display
representing the change in total
impendence (the combination of
resistance and inductive reactance) in
terms of phase and amplitude, and
(2) the sweep display where the
amplitude of the signal represents the

Hand held
rotary scanner

Bolt hole eddy current
probe

(b)

Differential coil

Figure 1. Portable eddy current
instruments: (a) typical setup,
(b) probe with differential coil.
FOCUS continued on page 2.
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FROM THE EDITOR

G

Greetings and best wishes for a happy and productive new year.
The “Focus” article in this issue outlines the means to optimize
eddy current inspection of bolt holes in aircraft. Authors
Brausch, LaCivita and Laufersweiler stress the importance of
proper equipment setup and signal interpretation.
“New Inspection Technology Heats Things Up” covers recent
developments in vibrothermography. Ongoing research being
conducted by Wayne State and Iowa State Universities holds
promise for improvements to the
technique that will increase both speed
and reliability in crack detection.

Lee Hulin describes the “ins and outs”
of UT thickness gaging for marine
vessels and the benefits of ASNT
Section involvement for young NDT
practitioners in the “Practitioner
Profile.”

Level I questions and answers for the
“Crossword Challenge: Eddy Current Testing” have been adapted
from ASNT’s Electromagnetic Testing Method Questions & Answers
Book, second edition: Supplement to Recommended Practice No.
SNT-TC-1A, Book E.
Hollis Humphries, T N T Editor
PO Box 28518, Columbus, Ohio 43228; (800) 222-2768 X206;
fax (614) 274-6899; e-mail <hhumphries@asnt.org>
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vertical component of the signal displayed in the
impedance plane display, while the horizontal axis
represents the rotational position of the rotating probe.
Selection of Inspection Parameters

The magnitude of the eddy current response from a crack
is dependent on multiple factors including crack dimension
(length and depth), crack location (edge or mid-bore
cracks), crack orientation relative to the probe scan
direction, material properties (electrical conductivity and
magnetic permeability) and equipment variables such as coil
configuration and probe drive frequency.
As a result of fastener removal, most fastener holes will
contain some amount of mechanical damage or
contamination (foreign material debris). These conditions
can induce inspection noise that may mask small indications
and produce false indications known as false positives as well.
When reaming of the hole is not permitted, a mild abrasive
honing of the hole is recommended to prepare the hole for
inspection. However, even with careful hole preparation,
the signal response of a small crack can be difficult to
distinguish from random noise if optimum inspection
parameters are not established.
To many practitioners, the importance of critical
parameters such as test frequency, filters and phase
adjustment and their effect on signal response are not
clearly understood. A sound understanding of these
concepts is critical to establishing effective procedures and
ensuring their proper implementation. The following
discussion defines the effects of these parameters on
inspection performance, provides a comparison of both
proper and improper application of these parameters and
provides recommendations for their implementation.
Probe Drive Frequency

Eddy current fields are confined to the surfaces of
conductive materials as a result of the skin effect. Selection
of the oscillating probe drive frequency establishes the
depth the eddy current field penetrates into the surface of a
given material. One standard depth of penetration is defined
as the depth at which the eddy current field is reduced to
37 percent of the field at the surface. The resulting depth of
penetration is dependent on the material’s electrical
conductivity and magnetic permeability (for ferromagnetic
materials) and is governed by the following equation:
Eq. 1

δ =

26
f ⋅ µr ⋅ σ

where:
␦ = standard depth of penetration (in.),
f = eddy current excitation frequency (Hz),
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Eddy current instruments typically have the ability to adjust
internal filters to suppress noise and unwanted signal responses.
The two types of filters that are commonly employed are the
high pass filter (HPF) and the low pass filter (LPF). In some
cases, band pass filters (BPF) that combine low and high pass
filters are also available. By using these filters, the signal response
can be restricted to a specific range of frequencies, resulting in
less signal distortion and noise from nonrelevant sources (Fig. 2).
The HPF allows high frequencies to pass, or suppresses low
frequencies produced by slow or longer periodicity changes
caused by hole ovality, nonrelevant surface blemishes and so
forth. The LPF allows low frequencies to pass, or rejects high
frequencies typically caused by noise generated by the probe or
instrument.1
The filter frequencies referred to here are related to the
frequency response of the signal generated by the coil as it
passes over an indication at a given speed. It is essentially a
measure of the time (duration) that the coil is sensing a fatigue
crack and registering a response. Often referred to as the peak
rotational frequency, this frequency is measured in hertz (Hz)
and is independent of, and should not be confused with, the
probe excitation frequencies typically measured in kilohertz
(kHz) or megahertz (MHz).
The peak rotational frequency can be determined if the coil
size and coil scan speed are known. For a BHEC inspection, the
surface speed can be approximated using the rotational speed of
the scanner, measured in revolutions-per-second (rps).2

Eq. 2

Surface speed
Peak rotational =
, Hz
frequency
Effective coiil diameter

Where surface speed is equal to scanner rpm × π × hole
diameter. For a shielded coil in high frequency applications, the
effective coil diameter can be taken as the coil outside diameter
(OD). For unshielded coils, the effective coil diameter is
approximately the coil diameter plus four times the standard
depth of penetration.3
Effective coil diameter
Shielded coil: Deff = coil diameter (OD)
Unshielded coil: Deff = coil diameter (OD) + 4δ

Therefore, the peak rotational frequency for rotary bolt hole
inspection can be estimated for any combination of the hole
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Frequency selection is a critical parameter for maximizing the
signal-to-noise ratio. A frequency that is too low will result in
reduced sensitivity to small surface cracks. A frequency that is
too high will elevate noise resulting from nonrelevant surface
blemishes, scratches and burrs. As a general rule of thumb, the
frequency should be selected to establish one standard depth of
penetration equal to approximately 0.25 mm (0.010 in.).

diameter, rotational speed and effective coil diameter (Fig. 3).
Although these examples identify the discontinuity frequency,
filters must be selected to allow a range of frequencies to pass
above and below this frequency. Since filter design varies with
instrument model,4 and effective coil size can vary with probe
types, filter ranges must be verified experimentally by evaluating
the amplitude and symmetry of the signal response for particular
rotational speeds and hole diameters. An approach for
simplifying filter selection is to establish a fixed range of filter
settings for a range of hole diameters (Fig. 4) for a given scanner
rotational speed and effective coil diameter.
An example of the effect of proper and improper filtering is
illustrated in Fig. 5a and 5b. Improper filtering can result in a
distortion of both the standard discontinuity response and crack
response that is exhibited by an asymmetric signal about the
baseline. Also note that improper filter selection results in
excessive sensitivity to noise resulting from superficial hole
damage.
Furthermore, the instrument gain level needed to achieve the
required sensitivity from the reference discontinuity can be
significantly greater for the un-optimized filter selection than for
the optimized filter selection, indicating a partial suppression of
the signal of interest. This example clearly illustrates that proper
filter adjustments can effectively reduce noise to the point where
it would likely not be confused with a crack signal, while the
symmetry of the response is dramatically improved.
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Figure 2. Filter selection to reduce signal distortion and
noise from nonrelevant sources by suppressing frequencies
above and below acceptable range.
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Figure 3. Peak rotational frequency versus hole diameter for
various rotational speeds in revolutions per minute and hole
diameters. Effective coil diameter is 1.588 mm (0.0625 in.).
FOCUS continued on page 4.
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Phase Angle

Apart from proper filter adjustment, further improvements in
signal-to-noise ratio and signal evaluation can be achieved by
rotating the phase so that the response of interest is maximized
while the contribution of liftoff resulting from hole ovality or
surface blemishes is minimized. To employ this approach,
Hole Diameter, mm (in.)
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Figure 4. Peak rotational frequency versus hole diameter for
1.588 mm (0.0625 in.) diameter (OD) coil at 1500 rpm. Red
and blue lines illustrate high and low pass frequency settings
adjusted for hole diameter.

sufficient separation must exist between the liftoff and
response of interest. The amount of separation that can be
achieved is governed by the material’s electrical and magnetic
properties (conductivity and permeability) as well as selection
of the probe excitation frequency. For many common
aerospace metals, particularly aluminum and nickel based super
alloys, significant phase angle separation can be achieved.
To achieve separation, a preferred method used in most
surface scan impedance-plane instrument procedures, the
“liftoff ” is generated by repeatedly lifting the probe from the
reference standard and rotating the phase angle to achieve a
substantially horizontal liftoff response. The instrument gain is
then adjusted to achieve the required response/sensitivity in
the vertical direction. The same approach can be applied to
rotary bolt hole inspection by generating the liftoff response
with the probe rotating against the flat surface of a reference
standard. This approach suppresses unwanted noise resulting
from superficial scratches within the sweep display that could
not be completely eliminated by filtering alone (Fig. 5b). It
should also be noted that when using phase adjustment, the
instrument gain required to achieve the minimum required
reference response may be significantly higher than without
phase adjustment; however, the overall signal-to-noise is
significantly improved (Fig. 5c).
Signal Interpretation – Impedance Plane versus Sweep
Displays

As previously demonstrated, nonrelevant noise can be
minimized by appropriate filter selection and phase adjustment.
When these parameters are properly established, relevant crack
indications will exhibit a pronounced phase
Fatigue crack coupon
response clearly distinguishable from the liftoff
Reference standard
line
as shown in the impedance plane display
(a) Instrument settings
Phase: 144 degrees
(Fig. 5c). Indications that exhibit a horizontal or
Gain: 65.9 dB
off-phase
response are often the result of hole
LPF: 500 Hz
HPF: 200 Hz
ovality or superficial hole damage.
RPM: 1500
When viewing the sweep display only,
Scratch
Crack signal
(b) Instrument settings
Liftoff/noise
superficial hole damage can produce a response
Phase: 144 degrees
that
can be misinterpreted as a crack-like
Gain: 61.2 dB
LPF: 1500 Hz
indication without benefit of the additional
HPF: 500 Hz
information provided by the impedance plane
RPM: 1500
presentation. By evaluating both the impedance
(c) Instrument settings
plane and sweep displays, relevant crack
Phase: 27 degrees
Gain: 70.6 dB
indications can be clearly distinguished from
LPF: 1500 Hz
nonrelevant surface conditions. These distinctions
HPF: 500 Hz
RPM: 1500
are based on the periodicity and amplitude of the
Crack signal
response exhibited in the sweep presentation and
Sweep display
Sweep display
Impedance plane
the phase and amplitude information in the
display
impedance
plane presentation.
Figure 5. Effect of filter settings on signal response of reference standard
Additional complications are presented when
notch and coupon containing fatigue crack; (a) without proper filter or phase
foreign materials such as metal shavings from
adjustment, (b) with filter adjustment only, (c) with filter and phase
adjustment.
fasteners and/or drill bits are embedded either on
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the bore surface or at faying surfaces of multilayered structures.
If the contamination is a metallic particle with significantly
different electrical conductivity and/or magnetic permeability
compared to the inspection material, the contamination will
usually exhibit a distinct phase response clearly distinguishable
from cracks. However, contaminations with similar electrical and
magnetic properties to the material under inspection can exhibit
responses (sweep and phase) that are indistinguishable from
those of cracks. When these conditions are encountered, further
cleaning, honing or reaming of the hole may be required to
eliminate this condition as causal.
Conclusions

The methods discussed in this article provide an approach for
optimizing the signal-to-noise ratio
for relevant indications such as fatigue
cracks while suppressing nonrelevant
signals from sources such as hole
ovality and minor surface blemishes.
As a result, use of eddy current
impedance analysis in conjunction
with appropriate frequency selection,
filter application, as well as phase
adjustment and separation, provides a
very effective tool for inspection of
fastener holes. This approach also
improves confidence in the inspection
result while reducing the cost
associated with unnecessary rework
resulting from false positive
indications. This body of work builds
on the experience of the United
States Air Force5 and the broad
aerospace nondestructive inspection
community and will continue to
advance as eddy current inspection
technologies evolve.

3. ASNT Level III Study Guide: Eddy Current Testing Method.
Columbus, OH: American Society for Nondestructive Testing
(1983).
4. Hagemaier, D., M. Collingwood, and K. Nguyen. “Eddy
Current Standards – Cracks Versus Notches.” Materials
Evaluation. Vol. 41, No. 7. Columbus, OH: American Society
for Nondestructive Testing (June 1983): p 839-843.
5. LaCivita, K., J. Brausch, and D. Laufersweiler. “Improved
Bolt Hole Eddy Current Rotational Filtering Procedures and
Phase-Analysis Based Interpretation to Reduce False Calls.”
In-Service Inspection of Aircraft Topical Conference [Wichita,
KS]. Columbus, OH: American Society for Nondestructive
Testing (May 2006).
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PRACTITIONER PROFILE

Lee Hulin

L

Lee Hulin uses ultrasonic testing to conduct gaging surveys on
marine vessels for NVI, LLC. The work is often arduous but Lee
enjoys the challenge and looks forward to each job with
enthusiasm.
Q: How did you get started in nondestructive testing?

A: A friend was working in NDT. The work sounded
interesting so I applied with his company. The owner of
the company I work for now actually worked there at
that time and when he started his company, he asked me
to come work for him.

It’s not always black or
white, this is bad or this
is good. A technician
really has to decipher
what’s going on.”

Q: How have you gotten NDT training?

A: Training in my first job was in ultrasonic testing with
Krautkramer. I was certified Level I and Level II in UT.
My training hours were on the job while working under a
Level II. My recent training has all been done through
our in-house Level III. He's very knowledgeable and
usually does training every three months. He comes out
with us and audits us. We typically do a good 10 to
20 hours of training — different field exercises,
classroom training, and take all our tests too. I'm
currently certified as a Level II in UT, MT and PT.
Q: Is ultrasonic testing the method you work with most?

A: Yes. I also do magnetic particle testing but 90 percent of
the time, I do ultrasonic testing on marine vessels for
ABS (American Bureau of Shipping) and U.S. Coast
Guard surveys.
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Q: What kind of marine vessels do you inspect?

A: Really it's any vessel that's used in the waterways here
that has to be ABS class certified. We're basically
checking erosion/corrosion. ABS is a classification
society with a guideline procedure. I work for the
customer but I prepare my report for ABS. We are kind
of like eyes and ears for the customer and ABS. Most of
the vessels I inspect will come on the dry dock. That's
required for a hold diminution marine survey — the kind
of survey I provide. It determines how much of the
vessel's metal has corroded. I've done everything from
very, very small push boats — basically a small tug you
might see in the bayou pushing a small barge — up to
big barges or big vessels that go out in the Gulf of
Mexico.

Q: Are the inspections made inside the vessel or outside?

A: Both. Outside structure, inside structure, the engine
room, inside the tanks — everything. Depending on the
survey, we can be in and out of every area of the boat.
For example, I did a ten-year-old vessel recently. It only
required me to check a little bit of the main deck and
that was it. On the other hand, Monday I'm starting
another job where I'll have to check everything — all
bulkheads, the top, the bottom, basically all the metal. I'll
probably take between 1,500 and 2,000 ultrasonic
thickness readings on this vessel. We climb all over —
the rudder room, the engine room, the ballast tanks, the
liquid mud tanks — if there's a double bottom, like a
false bottom, you have to get in there. You drop down
into the tank and then there's an access hole inside the
tank that allows you to crawl underneath the whole
vessel. It can be very, very hot at times. This summer was
really hot and we had to hook up blowers and take
necessary safety precautions.

Q: Do you encounter hazardous materials during inspections?

A: Our normal procedure is to examine a boat when it's dry
docked but before we’re allowed to go in, a marine

chemist has to certify each of the tanks. That's required
by company policy. The marine chemist "sniffs" them to
make sure they're gas free and then puts a certificate with
his "John Hancock" down at the bottom where we can
see it. It certifies that everything has been checked, the
H2S and oxygen levels, everything, and it's clear for us.
Q: UT is your primary test method. Do you use phased array?

A: Not at this time but we have purchased phased array
equipment. I’ve been training to use it for the past few
months. Phased array is the coming thing. Some
speculate that it could even take over for what I do. But,
my equipment is just a simple thickness gage to record
the thickness of the metal. That's what the customer
wants to see, the thickness of the metal, how much good
metal is there. I put the probe on the metal, get the
sound wave and the thickness reading at each spot and
then save it. When I get home, I upload everything to my
computer. I sketch the side shell of the vessel or, if I can
get my hands on blueprints, I’ll reduce them and use
those. Then I document the readings on the sketch.
That's all sent in to our Lafayette [LA] office where it's
converted to auto-cad and a data report listing all the
percentages of corrosion. Then it’s delivered to the
customer digitally and in hardcopy.
Q: Do you work by yourself ?

A: I'm the technician and most of the time I work with an
assistant.
Q: Is prep work needed before taking a thickness reading?

A: Prep work can actually be 90 percent of it. The metal
has to be smooth and flat to get good UT readings. I can
draw it up really fast and be ready to shoot but, if the
metal condition is not conducive to good readings, we
have to grind. My thickness gage is a through-coat gage.
It can read through the thick primer that’s used to retard
corrosion. Sometimes I go in and it's a clean, smooth,
freshly coated tank. My gage can shoot right through to
the metal. But, if the surface is corroded, there's a lot of
prep work to be done. Normally we use chipping
hammers to chip down to bare metal and then we grind
spots about the size of a quarter. We spray it with gel,
put the probe on there and record the reading.
Q: Does your work require much travel?

A: I do travel a lot. I live in New Orleans, LA and most of
the time I travel to shipyards in Larose, Lockport and

Amelia. An hour and a half normally gets me where I
need to go. I’ve traveled to Florida, Alabama — we go all
over. Wherever there are ports, vessels and waterways.
Q: What's the worst part of the work you do in NDT?

A: Probably the worst part for me is getting inside some of
the tanks. The grinding wheel disturbs the environment
and kicks metal shavings everywhere. Even though a
marine chemist has said it's okay, you never know. You
just have to get blowers in there and sometimes you wear
respirators — not all the time but sometimes. Prep work
can be the most manual part of it. My assistant and I
take turns but we're going to end up grinding for
thousands of shots on that barge. But it's not bad, we
work together. I'm pretty much the main one who does
this. My company has 100 or so people and 98 percent
of them are X-ray techs. Two other technicians are able
to do marine vessels but they only break them off from
X-ray when I'm busy.

Q: How many vessels do you check in a month?

A: It's usually one or two vessels a week but it depends on
the severity of corrosion or how much they want
checked. You never know how big they'll be or when
they’ll be due. It could be a small job that takes two
hours or it could take four days.

Q: What's the best part of your work?

A: I do enjoy my line of work. When I get called for a job,
I'm kind of excited. I enjoy the people I work for. They
care about my safety and that makes a difference to me.
NDT is a great field and you can make a very decent
living doing it too.

Q: You're very active in the New Orleans Section. How has that
membership benefitted you?

A: I think ASNT Section activities sharpen your skills a little
bit. I'm 28 years old and I've got about 4 or 5 years
combined time in NDT. You can go to an ASNT
meeting and learn from guys that have been doing NDT
for 20, 25 years. There's a big gray area in NDT. It's not
always black or white, this is bad or this is good. A
technician really has to decipher what's going on. You
have to make sure that you're up to par and that you
know what you're doing.
Lee Hulin can be reached by phone at (504) 559-4992 or by
e-mail at <lee.hulin@gmail.com>.
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Insight

New Inspection Technology Heats Things Up

O

Lisa J.H. Brasche* and Stephen D. Holland**
One reason many of us choose to enter the
nondestructive inspection community is the
opportunity to continually work with new
technologies, whether that be improvements in
existing methods or the introduction of new
inspection methods. Among many factors
driving inspection developments are the need
for more sensitive inspections, improvements in
detection reliability, reduced costs, and/or
improvements in speed. A technique known as
vibrothermography has the potential to address all
of these factors. While vibrothermography has
been around since the late 1970’s, advances in
infrared detection and computational speed
have renewed interest in the potential of this
technique for inspection applications.

crack surfaces will be captured. Other approaches to excitation have
been developed which are broadband in nature. Figure 2 shows a
thermal image from a vibrothermography test performed at Iowa State
University using the broadband excitation system developed there. This
image shows a crack near the trailing edge of a turbine vane.
Factors to Consider in Inspection Development

While the image in Figure 2 is quite impressive, before a new inspection
method can be implemented, the sensitivity, reliability, and repeatability
must be evaluated. Because this technique introduces energy into the
part, the nondestructive nature of the method must also be verified. That
is to say, can the technique introduce damage into the part? Evaluation of

Sample under test

Infrared camera

Basic Principles:

The technique, known alternatively as
vibrothermography, sonic infrared inspection, and
thermal acoustics, is based on infrared detection
of the frictional heat generated when two crack
faces rub together. The frictional heating results
from application of external vibrational energy.
Resurgence of the method in the U.S. has been
led by Wayne State University with the
introduction of ultrasonic welding guns as an
excitation source. Ultrasonic welding guns
typically operate at a prescribed frequency of
20 kHz or 30 kHz. Primary elements in a typical
experimental system (Fig. 1) include an
excitation source such as the welding gun, an
infrared camera to detect heat changes induced
by the excitation, and a laser vibrometer to
monitor vibration of the sample.

Laser vibrometer

Ultrasonic welding gun used for excitation

Figure 1. Typical configuration for vibrothermography system.

Typical Inspection Process

A typical inspection process involves short
pulses of energy at 20kHz or 30kHz for
1 second. Infrared image acquisition is initiated
prior to excitation and continues for several
seconds to ensure that any heat generated at
* Center for NDE, Iowa State University; (515) 294-5227; e-mail
lbrasche@cnde.iastate.edu.
** Center for NDE, Iowa State University; (512) 294-8659 e-mail
sdh4@iastate.edu
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Figure 2. Thermal image of crack near trailing edge of turbine vane.
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Figure 3. Closure state and locus of heating of
crack changes as externally applied stress is
used to open crack.

the technique indicates that using a couplant
material such as 90 weight cardstock between
the excitation source and the part under test
prevents observable surface indentation. Limits
on vibration-induced stresses are also needed to
prevent crack initiation or growth. As with other
thermal based methods, the use of an emissive
coating such as black paint can help improve
detectability.
As is the case in other methods, crack
morphology and closure state can affect
detectability. Research efforts at Iowa State
University are investigating the influence of
crack closure stresses. Results are shown in
Figure 3. As an externally applied stress is used
to open the crack, the closure state, and locus of
heating of the crack changes. The crack surfaces
rub, generating heat, where the closure stresses
are large enough to force the faces together but
not so large as to lock them in static friction.
Cracks that are very open (surfaces not in
contact) or very tightly closed (surface rubbing
not feasible) may not be readily detected.
It is also important to remember that, while
infrared endoscopes are under development,
inspection will be feasible for only those
surfaces with visual access. Likewise, access is
needed for high-power insonification. Due to
the imaging nature of the process, rapid
inspection of large areas is possible. Because of
the diffusive nature of heat propagation,
imaging resolution need only be proportional to
the size or depth of the defect.
Vibrothermographic response is also
dependent on geometry. Since the part under
test is vibrated to create the energy, a different
part shape will cause different resonant patterns
and hence lead to different sensitivity. Likewise
cracks located in different positions within
those resonance patterns will also have different
sensitivity. Efforts are underway to better
understand these effects, a step that will be
necessary to implement the technique in
production settings.

The inspection method is being used for limited production inspection
for both aviation and power generation applications. Additional research
and evaluation efforts are underway by the Federal Aviation
Administration and the Air Force Research Laboratory to support
future implementation of the method.
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INBOX
Q: The article in The NDT Technician on "Understanding Near Vision Eye Tests"
was welcome and informative. How about one in the near future on verifying
adequate gray scale differentiation for interpreters of radiographic film? There
doesn't seem to be a lot of information available about what can be used for this
type of vision test. W.H., Attica, Indiana.
A: The ability of a person to differentiate between shades of gray is a requirement
unique to the radiographic testing (RT) process. The question of how to do so
and when it is required has been asked of the ASNT SNT-TC-1A Interpretation
Panel in the past. The usual response is that how this test is performed is the
responsibility of the employer. There is clarification on when the shades of gray
examination is required in Interpreting SNT-TC-1A, Inquiries 08-2 and 08-3.*
Inquiry 08-2 asks if a person seeking RT certification needs this test and the
answer was Yes. However, 08-3 asks if a person being certified in MT, where gray
particles will be used, needs the shades of gray test and the answer was No, and
refers the reader to the response in 08-2 in which the Panel states, "Whether to
test for color differentiation or gray shade differentiation is determined by which
is appropriate for the method the individual is being certified in."
I have been looking for specific eye examination methods that address shades of
gray, but those I have found deal with larger objects in different shades of gray
on a white background, not smaller objects and shade differentiations between
varying shades of gray which are needed for the RT process. Since film readers
must not only discern changes in shade but also a degree of sensitivity, it may be
necessary to develop a shades of gray test specific to the RT process that will
check contrast as well as sensitivity. I have some thoughts on this but will have to
develop them more fully before bringing them out for consideration.

Respectfully,
James W. Houf
Senior Manager, ASNT Technical Services Department

* Interpreting SNT-TC-1A can be found in PDF format in the members only
section at <http://www.asnt.org>. A printed version can be purchased online at
ShopASNT, <http://www.asnt.org/shop/index.ihtml> or by contacting the
ASNT Book Department at (800) 222-2768. Reference item number 2040.
E-mail, fax or phone your questions for “Inbox” to the Editor: hhumphries@asnt.org,
fax (614) 274-6899, phone (800) 222-2768 X206.
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Crossword Challenge
Eddy Cu rrent Test ing *

29. In a test coil with a double winding arrangement, one winding is referred
to as the primary and the other is referred to as the _______.
30. An _______ coil arrangement can be used in probe, encircling and inside
diameter coils.
31. A _______ coil uses one area of a test specimen as a reference standard
and simultaneously compares it to another area on the same specimen.
32. The conductivity, permeability, and geometrical shape of a material will
determine the _______ of the eddy currents induced in the material.

Across

3. Direct current saturation coils would most likely be used when testing
_______.
6. When using an encircling coil with both primary and secondary windings,
the excitation alternating current is applied to the _______ winding.
8. In the selection of an eddy current test frequency, there is a range of
suitable frequencies centered around the _______ frequency.
10. When eddy current testing ferromagnetic materials, one method of
reducing _______ indications is to use a direct current saturation coil to
magnetically saturate the test specimen.
11. A coil’s magnetic field may be viewed as a distribution of lines of flux
around the coil with the number of lines in a unit area defined as the flux
_______.
15. Liftoff is utilized in measuring the thickness of _______ coatings.
17. When inspecting products with
1
2
a uniform cross section, the
4
5
eddy current signal produced as
8
9
the leading or trailing end of
10
the product approaches the test
12
13
coil is called the _______ effect.
15
19. An alternating current flowing
in a conductor will set up an
_______ magnetic field around
20
the conductor.
22
20. When eddy current testing a
24
nonferrous specimen, a
discontinuity will decrease the
27
effective _______ of the
specimen.
28
22. Eddy currents always travel in
_______ paths.
30
31
23. The impedance of a test coil
will _______ if the test
frequency increases.
24. The main purpose for spring-loaded eddy current probe coils is to
_______ liftoff variations.
27. Test specimen used as a basis for calibrating test equipment or as a
comparison when evaluating test results is referred to as a _______
standard.
28. Large diameter surface scanning coils would most likely be used for
detecting changes in _______.

10 · Vol. 9, No. 1

Down

1. Self-comparison differential channels would be best for the detection
of _______ abrupt discontinuities.
2. Term used to define a standardized condition in a device or system
that results in zero output.
3. One principal advantage of
3
_______ probe eddy current
7
testing is the ability to locate the
exact position of discontinuities.
4. One or more turns or loops of a
11
conductor wound so that an
17
18
16
axial magnetic field is produced
when current passes through the
conductor.
21
5. Small diameter probe coils
23
would typically be used for
detecting small _______
25
26
discontinuities.
7. Ferromagnetic materials that
have been magnetically saturated
to suppress permeability
29
variations may retain a certain
amount of the magnetization
32
called _______ magnetism.
9. In order to generate measurable eddy currents in a test specimen, the
specimen must be a _______.

6

14

19

Crossword Challenge continued on page 12.

*

Content for “Crossword Challenge: Eddy Current Testing”
adapted from Electromagnetic Testing Method Questions &
Answers Book, second edition: Supplement to Recommended
Practice No. SNT-TC-1A, Book E.
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Crossword Challenge continued from page 10.

12. Rods, tubes and wire are commonly tested using _______ coils.
13. A test system should include a probe coil when attempting to determine the exact
_______ location of a discontinuity in a tube.
14. A test coil’s opposition to the flow of alternating current, causing the current to lag
behind the voltage, is called inductive _______.
16. Changes in the ratio of inductive reactance to _______ cause phase shift in an eddy
current test coil.
17. An entire cross-sectional area of a tube can be evaluated at one time when using an
_______ coil.
18. The µ is commonly used to express _______.
20. Process of comparing the reading or output of an instrument, device or dial with a
standard to determine the instrument’s accuracy, capacity or graduations.
21. When testing tubing with a bobbin coil, most of the eddy currents flow around the
_______ diameter of the tubing.
25. A secondary magnetic field produced by eddy currents induced in a nonmagnetic
conductor close to the inducing coils _______ the coil’s magnetic field.
26. An increase in the impedance of a test coil will produce an increase in the _______
through the test coil.
3. steel
6. primary
8. optimum
10. nonrelevant
11. density
15. nonconductive
17. end
19. alternating

1. short
2. null
3. spinning
4. coil
5. surface
7. residual
9. conductor
12. encircling

Down

13. circumferential
14. reactance
16. resistance
17. encircling
18. permeability
20. calibration
21. inside
25. opposes
26. voltage

Errata. Correct contact information for Michael White and William Mooz, contributors of “Crossword Challenge: Liquid
Penetrant Testing” (October 2009), is as follows: Met-L-Chek Company, 1639 Euclid Street, Santa Monica, California 90404;
phone (310) 450-1111; fax (310) 452-4046; <e-mail info@met-l-chek.com>.

Across

20. conductivity
22. circular
23. increase
24. minimize
27. reference
28. conductivity
29. secondary
30. absolute
31. differential
32. depth

Answers
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