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Focus

(a)

Lessons Learned In Dry
Powder Developer Studies
by Lisa J.H. Brasche, Richard D. Lopez,
and David J. Eisenmann
(b)

F

luorescent penetrant inspection
(FPI) is a key resource in the
overall inspection arsenal,
particularly when a global
inspection is called for. Given the
prominent role that it plays in aviation
inspection, the Federal Aviation
Administration (FAA) has funded an
extensive research program to provide
engineering data, which is being used to
guide the selection of processing
parameters. The program includes
representatives from airframe and
propulsion original equipment
manufacturers, as well as airlines and
penetrant vendors.

Identifying Inspection Priorities
The industrial partners provided input
regarding areas in which engineering
data was insufficient. During this
prioritization process the developer step
was identified as the highest priority item.
In commercial aviation, the fluorescent
penetrant inspection processes used most
often include Level 3 or Level 4 sensitivity
penetrant coupled with Form A dry
powder developer. The developer is
typically applied using either a dust storm
chamber (Fig. 1a) or a manual spray wand
(Fig. 1b). Concerns were expressed about
the effectiveness of developer application,
and the potential for component
geometry to influence detectability.

Assessing Developer Application
Issues.
To assess these issues, a series of studies
have been performed at several industrial
facilities which have typical fluorescent

penetrant inspection lines. During the
course of the program, four dust storm
chambers, all of different configuration
and sizes, and three manual wand systems
were evaluated.

Reducing Potential for Nonuniform
Application
One issue assessed during the program
was the potential for nonuniformity of
developer application within the dust
chambers.
Chamber Fixture. A fixture (constructed
from office shelving materials) referred to
as the lobster cage, allowed placement of
samples at different elevations, locations,
and orientations within the developer
chamber (Fig. 2a). A spray wand system
(Fig. 2b) was used to apply developer to
the sample within the cage. Because the
cage was fabricated from wire mesh,
developer powder movement was not
•

•

•

•

•

•

•

•

•

•

•

•

•

•

Figure 1. Examples of typical fluorescent
penetrant equipment show: (a) dust storm
chamber interior and (b) manual spray
wand system.
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significantly affected within the chamber,
nor on or around the samples. The lobster
cage was used in four different dust storm
chambers at two different airline facilities.
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t’s always interesting to see how the talents of NDT
folk are expressed in other disciplines. Take those
appealing little NDT characters you see in the “Tech
Toon.” They are the creation of Bill Hinz. Bill’s a Level III
at a DOE facility. His diverse duties include training and
certification, trouble-shooting, procedure development,
and field application of NDT. From time-to-time, he also
conjures another humorous peek into the world of
everyday NDT, for which TNT is most grateful.
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Figure 2. Potential for nonuniform
application of developer is reduced with
(a) fixture allowing varied positioning of
samples within dust chamber; (b) lobster cage
fixture in use with spray wand system.

•

•

•

•

•

Hollis Humphries, TNT Editor
PO Box 28518, Columbus, Ohio 43228
(800) 222-2768 X206; fax (614) 274-6899
<hhumphries@asnt.org>
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TNT is again a beneficiary of valuable research conducted
by Iowa State University’s Center for Nondestructive
Evaluation (CNDE). This research is done in conjunction
with the Center for Aviation Systems Reliability (CASR), a
collaborative effort of the Federal Aviation
Administration, private industry and Iowa State
University.
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Gregory Robinson has documented his innovative
approach for MT testing of small parts in TNT’s “Working
Smarter” column. In return, ASNT is offering Gregory his
choice of a $50 cash prize or $75 in credit for ASNT
merchandise. As a contributor to “Working Smarter,” he
is also entitled to one recertification credit.
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Establishing Baseline for Comparison. To
compare the relative performance of each
chamber, the baseline indication brightness
for each sample was first determined using
a dip and drag developer application
process. As the procedure’s name would
suggest, the dry powder was applied by
dipping the sample into the developer and
dragging it through (Fig. 3). The dip and
drag samples were then placed on their
sides and allowed to develop for 10 minutes
prior to indication brightness
measurements. This approach was chosen
because it matches the process used by the
U.S. Air Force in generating the qualified
products list (QPL) published in SAE
AMS 2644, Inspection Material, Penetrant.1
Three baseline runs were completed at each
facility to provide a credible basis for
statistical comparison.

Table 1. Process parameters for dry powder developer comparisons.

Building Comparison Data
Experimental runs of 20 samples, each of
which contained a single low cycle fatigue
crack ranging in length from 30 to
120 mils, were processed using Level 4
sensitivity, hydrophilic post-emulsifiable
penetrant. Process parameters for the
penetrant, pre-rinse, emulsification
contact time and agitation, post rinse,
drying and developer application steps
were taken from the Society of
Automotive Engineers specification, AMS
2647B, Fluorescent Penetrant Inspection
Aircraft and Engine Component
Maintenance.2 Table 1 lists the specific
parameters used for the tests.
In an effort to provide quantitative
engineering data, several measurements
were made. Indication brightness was
recorded using a Pritchard-type
photometer using filters and settings that
were selected to match the photopic color
response of the human eye. A UV-A
photomicrograph of each indication was
also captured. Typical linear regression
results for a single chamber are shown in
Figure 4. In this study, the lobster cage
was used to position the samples within
the chamber. The samples were placed so
that cracks were either facing up, down
or sideways in the chamber. For this
chamber, the developer came out of two
jets located at the bottom of the chamber
at the one-third and two-thirds positions.
The red line in Fig. 4 shows the
baseline results obtained by applying the
developer using the baseline dip and drag
method. Ideally, the developer chamber
application would be similar to the
brightness generated by this method. As
evidenced by the smaller regression slopes
for samples processed in the developer
chamber with positions in which cracks
faced up or down, brightness is
significantly less than when processed
using the dip and drag method. Variation
was found when comparing left sides to
right sides and/or front to back sections of
some chambers that were evaluated.

Type
Level 4, Method D
post-emulsifiable, hydrophilic penetrant

Parameter
20 min dwell time

Pre-rinse

water spray

90 s for complete set of
specimens

Emulsification

immersion tank at manufacturer’s
recommended concentration

two 60 s immersion dips

Post-rinse

water spray

90 s for complete set of
specimens

Dry

air furnace

10 min at 71 °C (160 °F)

Developer

Form A, dry powder

10 min dwell

Brightness, cd·m–2 (footlambert)

Figure 3. Developer being applied to
sample by dipping it into dry powder
developer and dragging it through.
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Figure 4. Linear regression analysis for tests conducted in a developer chamber. After the
developer application time of either 20 or 60 s as indicated, an evacuation fan was used.
Samples then remained in the chamber to complete the full ten minute developer dwell
time. Red line shows baseline results for samples processed with dip and drag method.
Blue lines show results for samples placed in up or down positions in chamber.

General Recommendations Based on
Test Results
The test results led to several general
recommendations.
1. Variation within chambers evaluated
in this study are expected to be
representative, indicating widespread
variation across the industry as well. It
is recommended that measurements
be made of operational chambers to
ensure inspectors are aware of any
deficient regions. Known defect
standards such as TAM panels,
low-cycle fatigue cracks, twin crack
panels, or parts with known cracks can

be processed and placed at different
locations and orientations in a
systematic manner. Comparison
between defect response as a function
of position should provide an
indication of deficient regions.
2. Allowing the inspectors to arbitrarily
reduce powder volume within a dust
storm cabinet, whether to avoid a
mess in the inspection booth, or
reduce powder usage, is not likely a
good choice when seeking the most
sensitive inspection possible.
Focus continued on page 4.
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Focus continued from page 3.

inspector should make an effort to
apply powder to all surfaces rather
than holding the wand near a single
location and expecting developer to
reach all surfaces.

3. Obstacles impeding developer motion
to the sample surface, such as stacking
of baskets, fixtures, rollers, and slings
should be noted and avoided when
feasible. To ensure adequate and
complete coverage, additional
developer should be applied to these
areas using a dusting bulb, spray
wand, or nonaqueous wet developer.
4. In most cases, the location of a crack,
(top versus bottom) is unknown prior
to inspection. This may warrant either
processing of parts twice, inverting
the part on the second run so that the
other surface has the opportunity to
be in the most sensitive up position
during developer application.
Alternatively, a secondary
development method could be used
to add supplemental developer to the
lower surface and other critical areas
of the component.
5. In most training programs, the
inspector is taught to use a light coat
of developer because of concerns with
masking indications. While this can be
an issue, it is important to ensure that
adequate developer is applied. When
using manual spray wands the
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Additional Research Underway
Dry powder, or Form A developer, is one
of four developer options. Other
developer forms are available and include
Form B, or aqueous soluble; Form C,
aqueous suspendible; and Form D, or
nonaqueous wet developer. Form A or dry
powder may also be applied using
electrostatic systems. The Center for
Aviation Systems Reliability (CASR)
program is currently evaluating
electrostatic application of Form A.
Results will be made available in a future
publication. Comparisons to forms B, C
and D will also be made at that time.
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Penetrant Testing Terms
These definitions are adapted from the NDT
Handbook, third edition: Vol. 2, Liquid
Penetrant Testing. Columbus, OH: ASNT
(1999).
candela (cd): Base unit of measure in SI for
measuring luminous intensity. Luminous
intensity in a given direction of a source
that emits monochromatic radiation of
frequency 5.4 × 1014 Hz and that has a
radiant intensity in that direction of
1.464 milliwatt per steradian.
capillary action: Tendency of liquid to
penetrate or migrate into small openings,
such as cracks, pits or fissures. Positive
force that causes movement of certain
liquids along narrow or tight passages.
developer: In liquid penetrant testing, a
material that is applied to the surface after
excess liquid penetrant has been removed
and that is designed to enhance liquid
penetrant bleedout to form indications.
May be a fine dry powder, a solution that
dries to form a dry powder or a suspension
(in solvent or water) that dries leaving an
absorptive film on the test surface.
developing time: Elapsed time necessary for
applied developer to absorb and show
indications from penetrant entrapments.
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Maintenance. Warrendale, PA: SAE [Society
of Automotive Engineers] International
(1999).
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drain time: Portion of dwell time during
which the excess liquid penetrant,
emulsifier, detergent remover or
developer drains off an object.
dry developer: Dry, fine powder applied to the
surface after excess liquid penetrant is
removed and the surface dried in order to
increase the bleedout by means of
capillary action.
dwell time: Total time that liquid penetrant or
emulsifier is in contact with the test
surface, including the time required for
application and the drain time.
emulsifier: Liquid that mixes with an oily
liquid penetrant such that the mixture can
then be washed from the surface with
water.
fluorescent liquid penetrant: Highly
penetrating liquid used in the
performance of liquid penetrant testing
and characterized by its ability to fluoresce
under ultraviolet radiation.
footlambert: Old unit of luminance. Measured
in the SI system by candela per square
meter.
hydrophilic emulsifier: Water based liquid that
interacts with the liquid penetrant oil in
the manner of a detergent, allowing the
liquid penetrant to be washed from the
surface with water.
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<http://www.cnde.iastate.edu/faa-casr/fpi>. TNT
•

•

•

•

•

•

•

•

•

•

•

•

•

•

luminance: Ratio of surface’s luminous
intensity in a given direction to a unit of
projected area. Measured in candela per
square meter.
indication, relevant: Indication from a
discontinuity (as opposed to a nonrelevant
indication) requiring evaluation by a
qualified inspector, typically with
reference to an acceptance standard, by
virtue of the discontinuity’s size or
location.
postemulsification: Liquid penetrant removal
technique using a separate emulsifier
applied over the surface liquid penetrant
to make it removable with water spray.
scotopic vision: Dark adapted vision, using
only the rods in the retina, where
differences in brightness can be detected
but differences in hue cannot. Vision is
wholly scotopic when luminance of the
test surface is below 3 × 10–5 cd·m–2 (2.7 ×
10–6 cd·ft–2).
ultraviolet radiation: (1) Electromagnetic
radiation with wavelengths ranging from
about 4 to about 400 nm, between visible
light and X-rays. (2) The range of
wavelengths used for fluorescent
nondestructive testing is typically between
320 and 400 nm (UV-A). Shorter
wavelengths are very hazardous.

•

•
•
•
•
•
•
•
•
•
•
•

A: The response made to Inquiry 86-1 in
the third edition of Interpreting
SNT-TC-1A is applicable to your
question. The shades of gray test is
not required. However, if the
candidate fails the company color
contrast test, the company can show

•

Q: I was taught never to drag the yoke
because it masks indications. Where I
am currently employed, they drag
the yoke. Are there new
developments that now allow this
practice or is it still unacceptable?
A.D.

•

by actual demonstration that he is
capable of performing the work. The
shades of gray test works well for RT.
Most companies shoot a radiograph
of different image quality indicators
(IQI) and have the candidate identify
T-holes and densities.

•

Q: If a person cannot pass a color
contrast test (the person may be
color blind for instance), is that
individual required to pass a shades
of gray test? If so, what plates are
used for this test? It seems to me the
answer would be "yes" but I can't
find a set of test plates for shades of
gray. I looked through Interpreting
SNT-TC-1A first but didn't quite find
what I was looking for. Help would
be appreciated. J.R., Brunswick, Ohio
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Inbox continued on page 12.
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A: Although this question is
appropriately directed to your
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Feature
Metric Measurement
in the 21st Century
by Patrick O. Moore

O

ne of three ASNT members is
a citizen of a country other
than the United States. If you
are one of them, you may not
understand the need for the following
information. By way of explanation, it is
addressed to those American inspectors
still using old measurement units like
inches and pounds.

company gets an order for a million
widgets, each 100 millimeters long. A year
earlier, the order would have been for
four-inch widgets. The old timer wonders,
“Why the change?” Because overseas
customers won’t buy products in inches.
The old timer’s company intends to survive
in the global market and has made the
change to compete. The upshot is that the
old timer still has a job.

immediately stopped to watch her convert
pounds to kilograms for some foreign
destination. But no! She was converting
pounds to ounces, and the web site was
helping her do the math. "If you just used
kilograms," I pointed out, "You could do
the math in your head." In fact, there
would be no conversion: the weight scale,
the printed rate table, all would be in
kilograms. The math needed to convert
between ounces and pounds in the
old-fashioned English system is a nuisance.
Worse is converting inches to feet to miles.

NDT Measures Every Physical
Phenomenon

The metric system that’s used today is
called SI, short for the International
System of Units. Various systems have
been called metric over the years, some
using units now considered obsolete by
experts; decimal units like gauss and
angstrom are now replaced by tesla and
nanometers. As a professional inspector in
the United States, you should know that,
if it isn’t already, all of your work will
someday be performed using the metric
system. It is just a matter of time.

The old-fashioned measurement system
that Americans are shedding is not
American; it is English, and England has
already gotten rid of it. Adopting the SI
system greatly benefits our country. It
makes U.S. goods more competitive and
exportable (thereby creating more jobs). It
will also help the education of U.S.
students, who have labored with the
disadvantage of the old clumsy units in
math and science.

Those who promote metric education
seem preoccupied with the quantities of
everyday life, like temperature, weight,
and length. The field of NDT, however,
uses units to measure every physical
phenomenon: electricity, thermal
expansion, magnetism, light, pressure,
viscosity, and ionizing radiation. SI units
are found everywhere in NDT. Because
NDT methods are applied to a wide
variety of materials and systems and use
many different forms of interrogating
energy, the NDT inspector needs a wider
and more scientific understanding of
physics than do most other maintenance
and quality personnel. Partly for this
reason, all 17 volumes of the NDT
Handbook since 1982 have used SI as the
primary and preferred system of
measurement.

Aversion to Change

Act of Congress

Standards

Let’s take for example an old timer, a bit
suspicious of change, who has used
pounds and inches for years. He works in a
shop that makes widgets. In 2008, his

The question is not whether SI should
become the United States’ official system.
It already is — ever since Congress passed
the Omnibus Foreign Trade and
Competitiveness Act of 1988. It’s just that
the changeover has been gradual. Nor is
there a question about whether we
should start using it. We already are. Few
Americans can remember when car
engines were gaged in cubic inches or
pharmaceuticals were dosed in grains and
ounces. Soft drink containers are a recent
and conspicuous change. Fact is, the only
countries in the world where SI is not
official are Liberia and Burma, and SI units
are widely used in both.

Recent editions of most published
standards, such the ASME Boiler and
Pressure Vessel Code and those from
ASTM International, are now published in
SI. In addition, all serious fabricated
reference standards, specimens with
artificial defects, are calibrated in
millimeters. Years ago, it was possible for
Americans to expect engineers in Europe
or Asia to work in inches; if we do so
today, we simply lose market share.

A Matter of Time
No Turning Back

True Story

Measuring widgets in inches has always
worked just fine. Why change now?
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The good news is that SI is easy to learn
and use. Recently as I walked through
ASNT's mailroom, I noticed the shipping
clerk peering at a computer screen with
the banner "Metric Conversion." I

NIST
The National Institute of Standards and
Technology (NIST) maintains a website
with many useful and authoritative
reference resources, many of them
available as free downloads. See
<http://ts.nist.gov/WeightsAndMeasures/
Metric/mpo_pubs.cfm>.
Patrick O. Moore is editor of the NDT
Handbook at ASNT headquarters. TNT

Working Smarter

Did you know ...
topics submitted for “Working Smarter” earn
$50 in cash or a $75 credit for ASNT
merchandise if published? Did you also know
that TNT contributors can earn recert points in
the following programs?

Fixture for Processing
Small Parts

• ACCP Level II,
• ACCP Professional Level III and
• ASNT NDT Level III.

W

A full article of 1000+ words earns three points;
short articles or items for “Working Smarter”
earn one point.
Contact the TNT Editor:
PO Box 28518, Columbus, OH 43228
(800) 222-2768 X206;
(614) 274-6899 fax <hhumphries@asnt.org>
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Figure 2. Multiple small parts on fixture
placed near edge of coil.
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Figure 1. Processing small parts individually
is time-consuming and cost ineffective.
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Gregory P. Robinson
Eaton Aerospace
ASNT NDT Level III
North Charleston, SC
<gregoryprobinson@eaton.com>
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Figure 3. Fixture for processing small parts
formed of copper pipe and rod.

•

hen performing fluorescent
magnetic particle tests, small
parts are sometimes difficult to
handle. The ability to process multiple
parts at once would greatly increase
productivity. For small hollow, cylindrical
parts requiring longitudinal magnetization,
I have created a copper finger fixture.
Instead of placing one part on the coil
(Fig. 1), four parts can be placed on the
fixture at once. The fixture is then located
near the edge of the coil (Fig. 2) and the
coil is energized. This provides an adequate
magnetic field verifiable with quantitative
quality indicator (QQI) shims. Inspection of
the parts under UV-A light is also made
easier. To rotate the parts, simply rotate
the fixture — no fingerprints or excess
background fluorescence. The four finger
copper fixture is made of 9/16 in. copper
pipe and 1/8 in. copper rod. The copper rod
is shaped and spaced accordingly and then
brazed to the pipe (Fig. 3).
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PRACTITIONER
PROFILE
Sam Gomez
A coworker suggested Sam Gomez as a candidate for the
“Practitioner Profile.” Their assessment — “He’s the best.” Once
fitted into his busy work schedule, we had to concur. A
personable guy dedicated to his work, he enjoys the challenges
that arise when applying NDT to critical structures.

How important is a background in engineering or
mechanical systems to NDT technicians?
Good question. Sometimes I think it’s innate — you just have
to have that mindset. People now doing NDT knew they
wanted to get into it and were confident in their ability to
understand processes. That’s probably the biggest deal; just
being able to learn and understand processes. Every plant you
go into — one might produce
power, another produces paper —
is the same in that they all have a
process. Some people grasp this
naturally. Our company has hired
people without any NDT
experience at all but they did
have an aptitude and an interest.
What are your criteria in that
case? What indicates potential?
When I interview a person, I look
for two things. Number one is
their customer service ability. In
our business, the amount of
one-on-one time with customers is significant. There’s usually
one of us, maybe two, and we deal directly with the customer
the entire time. That’s a little bit different from other NDT
markets where guys go in a group of twenty and only interact
with the site supervisor. Number two is basic mechanical
aptitude. They don’t have to be able to do it right then but
they have to be able to understand what we do and our
commitment to it.
What’s a typical application of remote visual inspection?
A typical application of RVI would be inspections on jet
engines. What many people don’t realize about our work is
that part of it often involves retrieval. For example, some
springs came apart inside a jet engine and we were asked to
go inside, find the pieces and pull them out. If we can find
them, we can almost always get them out. We also do a lot of
work in nuclear power plants.
What kind of work is typical there?
We’re usually there for an outage — when the plant is shut
down for refueling. We are on-site about 6:00 AM. Typically,
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there’s been a meeting to determine what work has priority —
things that might have happened over the night shift. The
next step is to gather the correct equipment and check it to
make sure it’s ready to go, especially if it’s in containment. By
that, I mean the equipment is in the nuclear power plant
building itself. Access requirements are so strict, you want to
make sure your equipment is cleared and in the plant before
you arrive to do the work. It can take up to two hours just to
get through security and radiation protection. The equipment
has to be surveyed to make sure they know what kind of
radiation contamination it has accumulated. Radiation
protection personnel at the plant facility take care of it the
equipment. It’s our equipment but they ship it to and from our
facility for us. These people are there for our protection and
they watch our every move
What indications do you look for in nuclear power plants?
One of the biggest inspections we do is a reactor head
inspection. The head is at the very top of the reactor and has
between fifty and a hundred penetrations in it for the control
rod drives — where the fuel is actually lowered into and raised
out of the reactor. The control rod drives are about six inches
in diameter and are welded to the reactor head from the
inside. Inspections around these penetrations are extremely
critical. We inspect the annulus around the circumference of
the penetrations, to make sure there are no signs of leakage.
Typically, we’re looking for boron crystals shaped like popped
corn that form around the leaks.

Is it difficult to access the top of the reactor?
Actually, the reactor head is removed and lowered to a stand
about six feet off the ground. In the nuclear industry, one of
the biggest things you try to do is reduce the amount of
radiation exposure to personnel. It’s called saving “dose.” In
the old days, a technician climbed up on the reactor head with
flashlights and mirrors to perform inspections and picked up a
significant amount of dose. Now we use a crawler with
magnetic wheels and operate it from a low-dose area of the
reactor building. It maneuvers around the reactor head
inspecting each penetration. A man is on the reactor head
only as long as it takes to put a crawler up there and take it
down. This inspection is now performed with as little
52 millirem of exposure.
What’s the best part of NDT?
The job is different every day. It’s also very rewarding to help
resolve problems. For example, a nuclear plant might be ready
to start up but something has been dropped down into a pipe.
Everybody is there and waiting for you to solve the problem
by getting it out.

that gave those readings. You probably wouldn’t want us to go
in and visually inspect each and every tube — it would be
significantly more expensive than eddy current. But, if eddy
current found twenty tubes out of a thousand with indications,
you’d want us to visually inspect the twenty to determine if the
indications were valid or if the tubes just contained debris. It’s
an opportunity for different methods to complement each
other.

Does your work require a lot of travel?
Yes, that’s the toughest part. Our territory covers from Virginia
to Florida and also includes Puerto Rico and the Caribbean.
Seventy percent of our time is spent traveling. We can be in
Virginia today, Puerto Rico tomorrow. Most of our work is in
power and that puts us away for 2 to 3 weeks at a time.
What’s been your most interesting application of NDT?

What kind of RVI training is required by your company?
That would probably be working on the Victoria’s Secret yacht.
It was pretty awesome. They met me at the yacht club to carry
my equipment onboard — just to make sure none of it would
bump any part of the ship. And, we had to wear slippers. The
engine room was immaculate — the engine all chrome-plated.
The exhaust had developed a loud rattle and we found that
the baffle plate welds had broken free.

All of our technicians are trained and certified RVI Level II by
the company. We have an internal Level III that gives
certification. We have to recertify every three years.
What are the growth industries in NDT?
A large segment of NDT personnel now working in the nuclear
power industry are approaching retirement and, as new plants
are constructed and come online, the need for NDT personnel
trained in nuclear power is going to increase tremendously. I
also think petroleum refineries will continue to require a large
NDT force.

Any other NDT methods you’d like to investigate?
Honestly, no. I really do prefer working with visual testing. For
example, eddy current has been around a long, long time — as
has visual. In many testing situations, either inspection method
is applicable. I’ve worked in plants where they just did eddy
current on everything — tubes, boilers, feedwater heaters.
When they found an indication in a tube, they would just plug
it. That would be it. After years and years of doing this, they
reached a point where no tubes were left to plug. Several years
ago, I convinced a customer to let me take a look at the tubes
before they closed them. We found only ten percent really
needed to be plugged. The rest just contained trash or debris
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Any advice for those considering NDT careers?
I think it comes down to this — it’s important to enjoy what
you’re doing.
You can reach Sam at GE Inspection Technologies,
6855 Belt Road; Concord, NC 28027; (888) 566-5848;
email <samuel.gomez@ge.com>. TNT
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Down
1. illuminance
2. color

1. Probability of detecting an object against its background is directly related to
the amount of available localized ___________.
2. Physical characteristics of _____ include hue, saturation and brightness.
4. The visual angle of a viewed object is also called its subtended angular ____.

vibration
lenses
center
closer
luminance
minutes
radiant
accommodate
focal

Down

Answers
18.
24.
25.
26.
29.
30.
31.
32.
33.

3. Electronic aids to vision are based primarily on _____________ devices.
7. A gate valve provides ______ motion during operation.
8. The visual angle is the _________ angle between light rays from the two ends
of a viewed object as they contact the eye.
10. Used to obtain light of a specific wavelength.
11. _______ processing discontinuities are produced during the hot or cold working
of the ingot into rod or bar to make studs.
12. At arm’s length, the _____ of your index finger subtends about one degree.
15. The _________ of light for any given energy is fixed and is independent of the
optical density of the media through which it travels.
16. Unit of measure for luminance.
18. _________ and over-tensioning can cause service-induced discontinuities found
in bolting systems.
24. Simple, combination and compound ______ are all used in visual inspection.
25. For optimal resolution activity and color vision, objects to be inspected should
be positioned with about 1 degree of arc at the ______ of the field of vision.
26. The diffraction in a simple, thin convex lens causes light to converge, allowing
the retinal plane to be placed ______ to the test piece.
29. Amount of light available at the inspection surface.
30. The visual angle is usually measured in degrees or _______ of arc.
31. Both the electromagnetic and quantum theory of _______ energy are
commonly used to describe the use of light in NDT.
32. The ability of the observer’s eye to ___________ is one factor that determines
the maximum distance at which direct visual inspection should be performed.
33. the _____ length of a lens is measured from the principal plane of the lens to
the focal plane.
35. A flag symbol denotes this kind of weld.
36. the electromagnetic theory describes light as radiant energy propagated in the
form of electromagnetic waves that excite the ______ of the eye.
37. To match the ________ emissivity of a light source, a blackbody must be
operated at the same color temperature as the light source.
38. Photoreceptors concentrated at the fovea centralis that are responsible for
color vision.
39. Least common location for fastener failure.

5. The _______ distance at which direct visual inspection may be performed is
governed by the visual angle a possible discontinuity subtends and the
required specification or code.
6. Stereoscopic vision, and thus the ability to perceive differences in depth
between objects, is lost when monocular viewing devices such as the _________
are used.
9. During the welding process, excessive travel speed or voltage can result in
________.
13. Monochromators, used in devices that measure spectral energy distribution,
disperse the spectrum with a _____.
14. A protrusion or rollover of weld metal beyond the toe or root.
17. A theoretical radiator with more power at any wavelength than any other
radiator at the same temperature.
19. the ________ of light varies depending on the optical density of the media in
which it travels.
20. ________ of images by borescopes and metallographs may cause the inspector
to experience temporary disorientation.
21. The eye’s crystalline lens and cornea are the components responsible for its
__________ ability.
22. At the atomic level, light is generated when an electron moves into a ______
energy orbital shell.
23. A nonfusion discontinuity located at the root area of a weld joint is called an
__________ joint penetration.
27. The quantum theory proposes that energy is emitted and absorbed in discrete
______.
28. Localized reduction in an area of a bolt that is under overload conditions is
referred to as _______ down.
34. Fillet weld size is based on the length of the fillet weld ___.

Across
3. photoelectric
7. linear
8. subtended
10. filter
11. primary
12. width
15. frequency
16. lambert

Across

Clues adapted from the ASNT Level III Study Guide – Visual and Optical Testing
Method and Supplement to Recommended Practice SNT-TC-1A (Q&A Book):
Visual and Optical Testing Method.
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company Level III, a search of documentation found no
references that addressed masking as a result of dragging
the yoke. However, the following should be noted: “If an
AC yoke is positioned on a plate and, while being held in
place on the plate, it is turned on and then off, the plate
will be magnetized. A field indicator will show residual
magnetism in the plate. Alternatively, if the AC yoke is
positioned on a plate, turned on and while still on, it is
dragged down the plate, the plate becomes
demagnetized. A field indicator will show no residual
magnetism.”
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Inbox continued from page 5.
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E-mail, fax or phone your questions for the “Inbox” to the
Editor: <hhumphries@asnt.org>, phone (800) 222-2768 X206,
fax (614) 274-6899 X206,fax (614) 274-6899. TNT
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A: Applicants wishing to cancel or reschedule an exam or
refresher course must notify ASNT two weeks in advance
of the date of the examination or refresher course. In
addition, there is an administration fee of $75 applied for
each exam or course that is cancelled or rescheduled. All
fees must be remitted to ASNT before the deadlines
stated above. No exam or course attendance is permitted
unless all fees are paid. Fees paid by applicants that wish
to cancel are refunded less any administrative fees.
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Q: What’s the cancellation policy for ASNT exams and
refresher courses? H.H., Houston, Texas
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