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hy is it necessary to obtain thickness
measurements on equipment
operating at temperatures from
300 ºF to 1200 ºF (150 ºC to 650 ºC)? Simply put,
decisions about corrosion and erosion of piping
and pressure vessels must be made based on
immediate measurements that accurately
reflect the high temperature environment.
What industries require this type of
corrosion information at high temperature? Oil
refineries and chemical plants are the principal
industries requiring measurements in such
corrosive and heated environments and these
industries have adopted onstream inspection
point systems to achieve them. Measurements
made in onstream inspection point systems are
recorded at the same point each time at
predetermined intervals in order to accurately
assess the rates of corrosion and erosion and to
project needed replacements.
How can ultrasonic measurements be
obtained at elevated temperatures? The
answer, needless to say, is very carefully.
Protective equipment is required for the
technician to prevent burns and for the
ultrasonic testing equipment to prevent
damage to the transducer and cables.

History

Legend
Water

Early pulse echo instruments were often
used in tandem with resonance equipment and
eventually replaced the resonance
measurement technique. Pulse echo
instruments could be used with flowing water
that acted as couplant and also kept the
transducer cool. However, metallurgists were
concerned that these instruments might quench
the material or cause thin wall piping to
rupture. Ensuing technology substituted a liquid
filled chamber in place of flowing water.
Diagrams for a flowing water system and an
early high temperature prototype transducer
with liquid filled chamber are shown in Figs. 1
and 2. As technology continued to evolve, the
liquid filled chamber was replaced with a solid
cylinder of interchangeable lengths. This
transducer type is typically used as a single
element transducer and is most effective with
analog ultrasonic instruments.
•

•

•

•

•

•

Bubbler
attachment

•

•

•

•

•

•

•

•

•

Figure 1. Early pulse-echo instrument using
flowing water as couplant and coolant.

Transducer
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Test piece
Legend
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Couplant

Figure 2. Early high temperature transducer
with liquid filled chamber.
Continued on page 2.
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Most ultrasonic thickness measurements made
today use modern equipment that features both
an A–scan display and digital thickness
measurement (Fig. 3). Additionally, transducers
have been developed for use at temperatures
ranging from ambient up to 800 ºF (427 ºC). A
section view of a popular transducer that can be
used up to about 700 ºF (370 ºC) is shown in
Fig. 4. When temperature exceeds 800 ºF (427 ºC),
the single transducer with a heat resistant
stand–off (coupling block used between the face
of the contact transducer and the front surface of
the test object) can often be used with a flaw
detector.

Figure 3. Modern UT equipment features both
A–scan display and digital thickness reading.

•

•

•

Hollis Humphries
TNT Editor
PO Box 28518, Columbus, Ohio 43228
(800) 222-2768 X206; fax (614) 274-6899
<hhumphries@asnt.org>

•

W

hen asked what advice he would offer to
someone considering NDT as a career, Tony
Gatti answered, “If you’re gonna do it, do
whatever it takes.” In other words, to do it well, you
have to commit. Certainly, Anthony’s commitment is
apparent. He’s been on the decks of the many ships
and submarines that he’s inspected bearings for and
he’s been to the very bottom of Hoover Dam and
stood in front of the huge new turbines that
incorporate his inspection product. Interesting and
important work — he’s justly proud. Not all of us work
on projects as interesting as Hoover Dam but because
the NDT community strives to ensure that the product
is what it’s said to be, NDT is important work.
This month, Ron Nisbet’s Focus article discusses
thickness measurements made in high temperature
environments and Jim Houf has prepared the fifth
article in the popular FYI Practical Contact Ultrasonics
series. The topic is ASME type angle beam calibration.
There’s also a feature on falls in the workplace with an
interesting table that breaks out the principal types of
work-related falls and the relative incidence of each
type. The second leading cause of accidental death on
the job, how falls happen and what we can do to
eliminate their potential is good information we
should always keep in mind.
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Figure 4. Diagram and section views of a
transducer suitable for temperature up to
700 ºF (370 ºC).

Understanding the Effects of High
Temperature Environments

Compensating for Error in High
Temperature Measurements

To conduct effective high temperature
measurements, it is important to understand
how increases in temperature affect material
properties, the ultrasonic signal and couplant.
Effects of Heat in Signal and Material
Properties. Increase in temperature affects
both velocity of the sound wave and
attenuation. In high temperature environments,
the velocity of sound decreases. As
temperatures increase within a material, the
molecules of the material begin to bounce
rapidly in a random motion and as a result, the
ultrasound signal or wave of vibration transmits
less and less effectively. In carbon steel the
decrease in velocity is about one percent for
every 100 ºF or 55 ºC. For the same reason,
attenuation, or loss of energy, increases in high
temperature materials and it becomes more
difficult to obtain a strong recognizable signal.
Properties of Couplant. Couplant properties
factor significantly among the difficulties
incurred in high temperature environments. It is
couplant that excludes the air gap between
transducer face and workpiece and permits
sound to be transmitted into the material under
test. At high temperatures, typical couplant
evaporates. Special couplants have been
formulated for use at various ranges of
temperature. Liquid viscous couplants are most
effective at ambient temperatures. At very high
temperatures, couplants that are paste at room
temperatures become liquid when applied to a
hot surface. In these extreme conditions, dwell
time for even the best couplant is short. The
signal appears briefly, then diminishes rapidly
before disappearing completely. Instruments
with a freeze function are useful in retaining
this short-lived signal for evaluation.

The two main sources of error that occur in
high temperature measurements are due to:
• reduction in velocity in the heated measured
material and
• change in zero calibration that occurs when
the stand–off material becomes heated.
When the velocity of sound is decreased, the
pulse takes longer to return to the transducer
and the measurement appears higher than the
actual material thickness. The error is greater in
thicker material and increases as temperature
increases (about one percent additional
thickness for every 100 ºF or 55 ºC). As the
stand–off material between transducer and
workpiece heats up, the velocity of sound in the
stand–off itself decreases. This changes the zero
offset of the transducer and results in an
increase in the apparent thickness reading as
the transducer heats up. The amount of change
depends on the transducer and stand–off
material and is the same for the material being
examined regardless of thickness. As a result,
transducers must be cooled between readings.
The problematic changes in sound velocity that
occur in heated materials can be addressed in
either of two ways. The calibration block can be
placed on the heated test piece and allowed to
reach the temperature of the test piece before
calibration is made on the heated block or
measurements can be corrected after they have
been taken to compensate for the effect of
temperature on sound velocity.
Heating the Calibration Block. From a practical
standpoint, heating the calibration block has
several disadvantages:
• Additional time is needed to heat the
calibration block to the temperature of the
test piece.

Ta = Tm x [1.007 – (0.0001 × t)]
Where:
Ta = corrected thickness of the part
Tm = measured thickness of the part
t = surface temperature of the part in ºF
Correcting measurements after they are taken
using a correction table or formula is more cost
effective than heating the calibration block and
equally as accurate. Correction or compensation
methods have been incorporated into the
technology of many new ultrasonic instruments.
Accessing Inspection Points. Another practical
complication to high temperature ultrasonic
thickness measurement is that most piping and
vessels operating at high temperatures are
insulated. Access for ultrasonic measurement is
through holes cut in the insulation. When
thickness of the insulation and/or diameter of
the access holes do not permit holding the
transducer in the hand, an extension device
must be used to make proper contact with the
measurement surface. In this instance, extra
care is needed to ensure that the transducer
face is flat on the inspection surface.

Conclusion

1000 (538)
900 (482)
800 (427)
Temperature, ºF (ºC)

• It is difficult to determine when the
calibration block has reached the
temperature of the test piece.
• It is often difficult to find an exposed portion
of the test piece operating at the desired
temperature.
Corrected Measurements. As an alternative to
heating the calibration block, method two
compensates for changes in velocity by
correcting measurements after they are taken.
This is done by using a device to measure
temperature and a correction table (Table 1) or
by applying a formula that makes a correction
of one percent per 100 ºF or 55 ºC of
temperature change.

700 (371)
600 (316)
500 (260)
400 (204)
300 (149)
200 (93)

Thickness, in. (cm)

Table 1. Ultrasonic thickness correction for high temperature. Follow slanting line from base
for given thickness reading to the horizontal temperature. Drop vertically to base line to
obtain corrected thickness.

2.0 (5.1)

1.9 (4.8)

1.8 (4.6)

1.7 (4.3)

1.6 (4.1)

1.5 (3.8)

1.4 (3.6)

1.3 (3.3)

1.2 (3.0)

1.1 (2.8)

1.0 (2.5)

0.9 (2.3)

0.8 (2.0)

0.7 (1.8)

0.6 (1.5)

0.5 (1.3)

0.4 (1.0)

0.3 (0.8)

0.2 (0.5)

0.1 (0.3)

0

100 (38)

The factors found in high temperature
environments such as extreme heat, couplant
vaporization, signal attenuation, difficulty in
manipulating the transducer and the additional
time required for cooling the transducer
contribute to a difficult working environment.
To obtain accurate thickness measurements on
high temperature materials, the operator must
have a clear understanding of the process,
follow proper safety precautions, make
appropriate use of the correction factor and
above all, exercise patience and perseverance.
TNT
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FYI
Practical Contact
Ultrasonics — Angle
Beam Calibration Using
a Basic Calibration Block
by Jim Houf

A

rticle four of this series, IIW Based
Angle Beam Calibration, discussed
angle beam calibration using the
IIW block and some of its derivatives. With the
IIW block, the reference reflector is a single
reflector that results in a single screen trace, or if
the sound path is long enough, in a second trace
farther down the time line. Most codes and
specifications that specify IIW calibration rely on
a simple formula to account for attenuation or
loss of sound that occurs as the sound beam
travels through the part being inspected.
An alternative method of angle beam UT
calibration for welds uses a calibration block
with three side-drilled holes called a basic
calibration block. All three holes are of the same
diameter and are used to determine the amount
of sound energy returned from a reflector of the
same size at different sound paths. Basic
calibration blocks are referenced in Article 5 of
Section V: Ultrasonic Examination Methods for
Materials and Fabrication of the ASME Boiler
and Pressure Vessel Code and thus are often
referred to as ASME Cal Blocks. The block
discussed in this article is shown in Fig. 542.2.1 in
Article 5 (1999 Addenda) of this code. A
simplified version is recreated here in Fig. 1.

3t, where t is the block thickness. When
determining block length, the fabricator should
consider which transducer wedge angles will be
used for the applicable range of weld
thicknesses. Since a 70 degree wedge angle
utilizes the longest sound path, a common
choice is a block length slightly longer than the
distance required to accommodate a full skip
distance for a 70 degree probe. A block this
length can be used for 45 and 60 degree
transducers as well. Weight can become a
consideration on thicker blocks. For example, a
5 in. thick carbon steel cal block that is 6 in. wide
and 15 in. (3t) long will weigh about
150 pounds, making it awkward to handle and
dangerous if dropped. It is not uncommon to
see a handle welded on one end of blocks of
this size to facilitate lifting with a crane.
The three side-drilled holes are located at
three distances (1/4t, 1/2t and 3/4t) from the
scanning surface. Diameters for these sidedrilled holes are described in a table (refer to
Fig. 542.2.1 of Section V) for each calibration

block thickness. As the blocks increase in
thickness, hole diameter also increases creating a
larger reflector that results in lower sensitivity.
Thus, in thicker blocks, a discontinuity in a thin
weld that might be rejectable may not be
rejectable in a thicker weld.
Nominal hole sizes for the various block
thicknesses are: a 3/32 in. diameter hole for a
3/4 in. block, a 1/8 in. diameter hole for a
1 1/2 in. block and a 3/16 in. diameter hole for a
3 in. block. As block thickness increases in 2 in.
increments, hole diameter increases by 1/16 in.
Hole diameter tolerance is ± 1/32 in. for all
blocks. Minimum hole depth is 1 1/2 in.
Another benefit of basic calibration blocks is
that their fabrication is relatively simple and can
be done in-house using a band saw, a drill press
and several different sized drill bits and reams. A
piece of acoustically similar steel of the correct
thickness that has been properly heat-treated
(refer to Article 5 of the ASME Boiler and
Pressure Vessel Code) should be scanned using a
straight beam transducer to determine that the
piece is free of internal defects and laminations.
It can then be cut to size using either a vertical
or horizontal band saw.
Once the block is sized and soundness is
confirmed, holes can be drilled using a bit with
the proper diameter in a drill press. The holes
must then be reamed to ensure a smooth
reflecting surface for the sound beam. Care
should be taken when choosing the size of the
drill bit. Most reamers remove 0.002-0.003 in. of
material from each side of the hole thus
requiring that a slightly smaller bit be used.
At this point of fabrication, optional notches
in the top and bottom surfaces of the block can

The Basic Calibration Block
The thickness of the weld being inspected
determines the size of the calibration block to
be used. One of the benefits of using the basic
calibration block is that Section V of the ASME
Boiler and Pressure Vessel Code permits using a
block of a particular thickness to cover a range
of weld thicknesses. For example, a 3/4 in. thick
block can be used for welds with a thickness of
1 in. or less; a 1 1/2 in. thick block can be used
for welds in the 1 to 2 in. range; a 3 in. thick
block can be used for welds in the 2 to 4 in.
range, and so on. In all cases, a block the same
thickness as the weld being inspected can be
used. The major advantage of blocks that cover
a range of weld thicknesses is that an inspection
agency can manufacture two or three blocks
that will generally cover the full range of weld
thicknesses that will normally be inspected.
As shown in Fig. 1, most blocks have a
standard 6 in. width and a minimum length of
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6 in. minimum

Side drilled hole (typical)
1/2t

1 1/2 in. minimum

3t minimum

1/4t

3/4t
1/2t

Notches (optional)

Figure 1. Basic calibration block.

t

be machined into the block if needed (refer to
Fig. T-542.2.1, Section V, Article 5 of the ASME
Boiler and Pressure Vessel Code for notch
dimensions and positioning). The block is now
ready for production calibrations.

side-drilled holes of the same diameter at
different sound paths was developed to
compensate for any distance error in amplitude
that appears on the monitor.

2

Calibration Based On Hole Depth

Figure 2. First leg sound paths.

The DAC Curve
Two techniques are commonly used in
calibrating the basic calibration block. The first
uses the actual sound path to each hole to
establish screen width. The second uses the hole
depth or distance from each hole to the
scanning surface. The hole depth technique is
the more simple of the two calibration methods.
Figure 2 shows correct positioning of the
transducer to locate the three holes using the
first leg of the sound beam. Couplant is first
applied to the surface of the block and the
screen trace representing the nearest hole (at
the 1/4t depth) is maximized. The left side of the
trace is positioned above the first major
graticule on the screen baseline. Amplitude or
screen height of the trace is set at 80 percent of
full screen height or FSH. The gain setting for
this amplitude is recorded as the reference level.
The top of the trace is marked on the monitor
with a marker. (This can be marked electronically
in newer equipment. See user’s manual).
Next, with no change to gain setting, move
the transducer backwards on the scanning
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Continued on page 6.
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surface until the trace from the 1/4t hole (or
7/4t) in the second leg is maximized. Position the
screen trace on the baseline at the seventh
major graticule. Then, switching back and forth
between the first and second leg signals, use the
range and delay controls to set the two traces
over the proper graticules. (Controls for range
and delay may vary on newer equipment.
Consult user’s manual.) When this has been
done, the maximized screen traces from the 1/2t
(2/4t) and 3/4t holes should show above the
second and third graticules for the first leg and
above the sixth and fifth graticules for the
second Leg. When locating the 3/4t hole, do not
mistake the signal from the corner of the block,
which may show up as a larger trace just to the
right of the hole trace. The operator should
then go back to each hole location, maximize
the signal on the screen, mark the top of each
respective trace with the grease pen and finally
connect the dots in as smooth a line as possible.

•

A distance amplitude correction (DAC) curve is
used to determine attenuation or degree of
sound loss that occurs as the ultrasonic sound
path increases in length. A reflector of known
size close to the transducer (short sound path)
returns more sound to the transducer than a
reflector of the same size that is farther away
(long sound path). This is due in part to the fact
that a sound beam spreads as it travels away
from the transducer, much like the cone of light
from a flashlight. Some attenuation or loss of
sound power also occurs as the sound beam
travels through the material of the test object.
Any change in the wedge, transducer or coaxial
cable can affect the amount of sound generated
and would therefore require a new DAC curve
to be generated.
Loss of sound power as sound path length
increases is not linear. Use of a simple formula
such as that used with the IIW block will not
accurately show the amount of sound returning
to the transducer. The concept of using three

1

3
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FYI continued from page 5.

Calibration Using Sound Path
When calibrating using the sound path method,
couplant is again applied to the surface of the
block and the signal returning from the nearest
hole (at the 1/4t depth) is maximized. Then the
operator applies the trigonometric formula:
sin θ = opposite side ÷ hypotenuse
where θ is the the complementary angle of the
wedge angle, opposite side is the distance from
the scanning surface to the center of the hole,
and the hypotenuse is the sound path. This is
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DAC curve
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70

Amplitude
percent full screen height (FSH)

This line becomes the DAC curve for that block
and equipment (Fig. 3). Note both ends of the
curve have been extended to include both the
first and eighth graticules. In some cases, when
the 1/4t hole trace is set at 80 percent FSH, it
may not be possible to see the traces at the sixth
and/or seventh graticules. If this occurs, set the
trace from the 1/2t hole to 80 percent FSH as
shown in Fig. 3 and use that gain setting as the
reference level. Be sure to report that the 1/2t
hole was used to set the reference level.
The technique may seem confusing but Fig. 4
can be of help. The full thickness of a block is 1t,
which can also be written as 4/4t. The three
holes, if kept in 1/4t units, would be at 1/4t, 2/4t
and 3/4t depths. Full thickness or 4/4t would be
the bottom surface of the block. In Fig. 4, a
regular block is shown in solid lines with the
standard three holes. Directly below is a reverse
or mirror image of the block that shows where
those holes would be if the block were twice as
thick. Total thickness is now twice that of the
normal block and is represented as 2t or, if
expressed in 1/4t increments, 8/4t.
The second leg sound paths in Fig. 4 are also
shown as if they continue straight on into the
mirror block instead of reflecting back from the
bottom surface. In this way, the second leg
signal for the 3/4t hole appears to be at the 5/4t
depth in the mirror block. Similarly, the 1/2t
(2/4t) hole appears at 6/4t and the 1/4t hole
appears at the 7/4t position. A full skip distance,
two thicknesses, would be at the bottom of the
mirror block or at the top of the regular block.
Now consider the screen positions of the six
traces that make up the DAC curve. In the first
leg, the 1/4t trace is at graticule 1, the 2/4t trace
is at graticule 2, the 3/4t trace is at graticule 3
and there is no trace at graticule 4 (the bottom
of the block). In the second leg, the 5/4t trace is
at graticule 5, the 6/4t trace is at graticule 6, the
7/4t trace is at graticule 7 and there is no trace
at graticule 8 (top of the actual block or bottom
of the mirror block). These 1/4t designators are
shown below the baseline in Fig. 3 and to the
right of Fig. 4. There are several codes that refer
to the second leg points on a DAC curve as the
5/4, 6/4 and 7/4 locations.
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Screen width indicated with major graticules and
fractions of block thickness, t
Figure 3. Completed distance amplitude correction curve (DAC) in relation to fractions of block
thickness, t.
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3/4t
t
5/4t
6/4t
7/4t
2t

Figure 4. Second leg sound paths.
shown graphically in Fig. 5. Remember that the
wedge angle is the angle formed by a line
normal (90 degrees) to the scanning surface. For
a 70 degree wedge, θ is 20 degrees and for a
60 degree wedge, θ is 30 degrees. With the
45 degree wedge, both wedge and
complementary angles are 45 degrees.
Once the sound path has been calculated,
the left side of the screen trace for that hole is
placed on the screen at the distance that
represents that sound path. The amplitude
(screen height) of the trace is set at 80 percent
FSH. The gain setting for this amplitude is
recorded as the reference level. Then, with no
changes to the gain setting, the same operation
is performed on the 1/2t hole, maximizing the
reflector, calculating the sound path and
locating the trace at the proper location on the

Opposite side

θ
90º - θ

Hypotenuse

Figure 5. Trigonometric sound path
calculation.
monitor. In most cases, it will be necessary to go
back and forth between the 1/4t and 1/2t holes
to properly align both screen traces in their
proper screen locations using the range and
FYI continued on page 9.

Feature
Job Safety: Slips, Trips
and Falls
by William W. Briody

N

DT technicians or inspectors are often
called upon to work above ground
level on surfaces such as scaffolding,
ladders, narrow stairs, on elevated floors with
unprotected edges or in areas where there may
be holes or openings in the walking surface.
Slips, trips and falls from these areas are major
causes of employee injury. The Bureau of Labor
Statistics reports that, in 1994 alone, 376,900
workers suffered injuries from falls that
required time off from work; and, from 1992
thru 2002, there were some 7,626 fatalities
attributed to falls. Falls are the second leading
cause of accidental death in the workplace.
Because falls are such a frequent cause of
accidents, it is important for you – the NDT
technician – to be aware of the different
exposures that you may encounter and how to
protect yourself.
As children, we fell a lot. As adults, we find
that the sudden stop associated with falling is
much more painful. Falls are usually the result
of poor work practices, poor site conditions or a
combination of the two. As technicians or
inspectors, we have to take measures to limit
situations or conditions that lead to falls and
the unnecessary injuries – or even death – that
can result. Fall protection is an ongoing process
and should be a part of every task or project
from the planning stage through completion.

Lower Level Falls
A lower level fall is a fall from one surface to
a lower surface. Conditions in construction and
industry that can expose you to such falls
include pipe racks, rooftops, structural steel,
deck openings, scaffolding, stairs, ladders and
personnel baskets. Other hazards could be floor
openings for ladder-access or stairways.
Overall, fall protection requires
implementation of the means necessary to
protect workers from fall hazards on the job. As
a first step, this would include identifying
potential hazards and eliminating them.
However, if the hazard can’t be eliminated, it
becomes necessary to prevent the fall from
occurring or controlling the fall so that it doesn’t
injure the worker.

Fall Prevention
Fall prevention employs methods that restrain or
prevent a worker from falling. This includes
guardrails and the installation of barriers to help
control lower level falls, well-marked hole or
opening covers, perimeter guards (use of cables
or wire ropes, usually on structural steel). These

barriers are usually installed by the owner or
general contractor, but are not always available
in some situations. This initial system may have
to be supplied in some manner by the inspector
or technician.

Fall Protection
Fall protection provides a means to arrest the
fall of one who has actually fallen. Fall
protection is required when working from an
elevation of six feet or more above the ground
or floor without the protection of approved
handrails, cables or other fall prevention
systems. Even when standard guardrails are
present or when working in aerial lifts or
personnel baskets, it is still a recommended
practice to use some form of fall protection.
Personal Fall Arrest Systems. Fall protection
devices or personal fall arrest systems are
generally composed of several separate
components. The full-body safety harness is
worn by the individual and is designed to
eliminate headfirst falls and distribute fallarresting forces across the major body parts in
order to minimize injury. The lanyard connects
to the harness from the immediate attachment
or intermediate anchorage point and must:
• be capable of supporting 5,000 pounds,
• limit free fall to six feet or less,
• be attached as high as possible above the
point of operation to further limit free fall,
• be used singly (never hook two lanyards
together),
• be equipped with self-closing/locking snap
hooks,
• be used with straight-loading hooks in order
to utilize the rated strength of the hook, and
• not be wrapped around an anchorage point
(this reduces support capability).

How do we fall?

Same Level Falls

Example of accepted disabling workers’ compensation claims for the construction
industry (state of Oregon 1997 - 2003).

A same level fall is a slip or trip that takes
place on the same level where you are working
or walking. Mishaps such as these are usually the
result of poor housekeeping or a lapse in
attentiveness on the part of the person falling.
Anyone who has worked on construction sites
has experienced the ever-present extension
cord, welding leads or electrodes, pieces of
conduit and other scrap in the traffic areas.
Although good housekeeping is being stressed
more and more on construction sites, hazards
will always be present, especially when one
considers the potential danger introduced by oil,
grease, mud, water or even snow and ice. You
probably have little control over most of the
hazards that cause same level fall hazards. For
that reason, it is most important to be aware of
your surroundings at all times.

Exposure event
Falls to a lower level
from ladders
unspecified
from roofs
from scaffolds or staging
from nonmoving vehicles
floor, dock or ground level
down stairs or steps
from girders or structural steel
from piled or stacked material
Falls on same level
to floor, walk or other surface
onto or against objects
unspecified
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Number of claims
2,738
923
482
371
267
263
226
168
24
14
1,296
770
357
169

Percentage
100
33.7
17.6
13.6
9.8
9.6
8.3
6.0
0.9
0.5
100
59.4
27.5
13.0

Source: Oregon Department of Consumer and Business Services, Information Management
Division, Research and Analysis Section <www.cbs.state.or.us>

FYI continued from page 6.

The intermediate attachment point is a
lifeline or retractable device generally designed
to allow for freedom of movement. This is
attached to the anchorage point(s), a secure
point of attachment that is independent of the
means of support or suspension for the worker.
The system must support a minimum of
5,000 pounds per worker attached. All fall
protection devices should be subject to
inspection before and after use. Many types of
fall protection devices are available. Technology
for the full-body harness has been greatly
improved with various harness types now
available for different applications. There are
also a number of use specific lanyards available.

delay controls. The 3/4t hole trace and the
second leg reflectors from all three holes are
then set up on the screen in a similar manner.
This sets the screen width for the holes in the
block being used.
As with hole depth calibration, the operator
may find that the screen traces for the last two
positions, 1/2t and 1/4t holes in the second leg
of the sound path, may not be visible at the
recorded reference level. This usually means that
the 1/4t hole in the first leg was in the near field
and cannot be used to develop the reference
level. When this occurs, it is necessary to go back
to the 1/2t hole (first leg), set that screen trace
to 80 percent FSH and use that gain setting as
the reference level. If the 1/2t and 1/4t holes in
the second leg can be seen on the screen,
calibration can be completed. Note that when
the reference level is changed, sound path
locations of all holes should be rechecked to
ensure the sound path is unchanged. If the last
two hole traces are still not visible, it may be
necessary to change transducer sizes and/or
frequencies to reduce the near field to allow
proper calibration.
Once traces from the six hole locations (three
in the first leg and three in the second) are all
properly located, the operator should go back

Many companies make fall protection part of
workplace safety and health programs and they
follow up with strict enforcement. Equipment
and training are significant parts of fall
protection, but equally important is the
willingness of the worker to employ those safe
work practices in place of risky ones. TNT
A Lifetime Member of ASNT, Bill Briody is currently
Chair of the Section Operations Council
Membership Division and a member of the
Technicians Advisory Committee. (804) 264-2701,
<bbriody@fandr.com>
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Scanning is performed at a gain setting higher
than the reference level. This level is typically
dictated by a governing code or specification.
When a screen trace is seen, the gain setting is
set back to the reference level and the signal is
maximized. In most codes and specifications, any
discontinuity that creates a screen trace at a
reference level that exceeds the distance
amplitude correction curve is rejectable. If the
maximized signal is below DAC but is greater
than 50 percent of DAC height, the indication is
usually recorded and any signal greater than
20 percent of DAC should be interrogated.
These are general rules, and the operator
should refer to the governing code or
specification to determine the actual
requirements. TNT
Jim Houf is Senior Manager of ASNT’s Technical
Services Department and administers all ASNT
certification programs. (800) 222-2768 X212,
(614) 274-6899 fax, <jhouf@asnt.org>.
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Using a DAC Curve
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To register and for program information visit
www.asnt.org or call 614.274.6003, 800.222.2768
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The American Society for Nondestructive Testing invites
you to attend the event where the full spectrum of NDT
professionals from industry, technology and application
meet in an unsurpassed networking forum.
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What Happens Here
Goes Everywhere
in the NDT Industry!
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Conclusion

•

to each hole, maximize the screen trace and
mark the top of the trace on the surface of the
monitor. This is repeated for all six traces and
the six points are then connected to form a
curve on the screen that represents the DAC
curve for that block and equipment being used.
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PRACTITIONER
PROFILE
Anthony J. Gatti, Sr.

nthony Gatti is responsible for the inspection of
babbitted bearings. If you aren’t familiar with the
term babbitt, it refers to a relatively soft, white
metal alloy composed of copper, antimony and a lot of
tin. Babbitt metal is commonly used as the contact
material in bearing assemblies for large, high-speed
shafts. The beauty of babbitt is that it has the capability
of supporting heavy loads, has a long service life provided
proper operating and lubrication conditions are
maintained, and, importantly, is soft enough so that it will
not damage shaft material. Babbitt in a bearing assembly
is analogous to the fuse in an electrical circuit. As the fuse
is there to protect the circuit, the babbitt is there to
protect the bearing assembly. Should something run awry,
it’s the babbitt that wears first. Tony Gatti has been an
active member of ASNT and the Greater Philadelphia
Section for many years. He is also the new and very proud
Grandpa of Madeline Christine.

A

How did you first become involved in NDT?
I’ve been employed here at Kingsbury, Inc. for thirty-nine
years. For the first 17 years, I was a machinist. Then I
transferred over to quality control and my interest in NDT
started at that point. I was initially certified through
Magnaflux Quality Services for UT and UT Welding and
then again for PT and MT with the same organization. For
the past 22 years, I’ve specialized in NDT work and I’ve
been certified in UT, PT, MT and soon VT.
Do you work in a lab or in the field?
Mainly, my work is here in Philadelphia in our corporate
headquarters. My employer is the leading manufacturer
of babbitted fluid-film thrust and journal bearings for all
types of rotating machinery. About 85 percent of our
work is UT. We just bought another company that makes
ball and roller bearings. The product line is related but
MT is heavily used for testing.
Is NDT done in a production environment or on an
assembly line?
It’s far from an assembly line. We do have assembly,
because there are a lot of intricate parts in our product,
but at any point in time, when it calls for NDT — that is
the point of production where we do it. The parts can
either be brought to me or, if the part is too big, I go to
the part.
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Can you describe your responsibilities in quality control?
My title is Level A, Inspector, Mechanical and I oversee the
NDT work here. I have to have knowledge of machining
operations, measuring equipment, complex blueprints,
calibration procedures, government standards and audits.
Our company is certified to ISO 9001:2000.
What are the indications you look for?
Babbitt is an antifriction metal that is about 88 to
90 percent tin that is adhered to a base metal. After it’s
machined and cut down, I inspect
the interface between the babbitt
metal and the base metal with
ultrasonic testing to make sure that
the two properly adhere. Parts that
I typically inspect can be anywhere
from 4 to 5 in. up to some that are
122 in. These are fluid-film bearings
(constructed to be self-lubricating)
and there are a lot of components
to these products with tolerances
that range from 10ths of an inch
down to several thousandths of an
inch. Geometry of the part has to
be considered and whether or not
any machining was done — you
have to know all that. You can’t just slap some gel on and
say it’s good or bad.
Is every piece manufactured inspected and how much time
does it take to test one piece?
If it’s steel, we can do a sample, unless dictated otherwise
by the customer’s contract. If it’s other components like
chromium copper, then it’s automatic — it has to be done
100 percent — every one. Once I set up, as an example, a
part that’s 18 by 12 inches would probably take 10 to
15 minutes. Shape is a factor and the surface has to be
covered 100 percent. Given the shape of the part, I do the
perimeter first all the way around. And then I pick a point
and begin scanning through the piece area by area.
What NDT projects have you found most interesting?
Using ultrasonic inspection, I’ve worked on all the main
propulsion bearings for all of the Trident submarines, all of
the journal bearings for all the CVN Nimitz class aircraft
carriers and I’ve worked on all the thrust and journal

bearings for all of the DDG Arleigh Burke-Class guided
missile destroyers — the USS Cole attacked by terrorists in
Aden, Yemen in 2000 is an example of this type of
destroyer. Plus, I’ve worked on the units for two new
turbines that were destined for Hoover Dam. That work
was done here in Philadelphia but, this past summer, my
wife and I had an opportunity to make a tour of the dam
itself. We went all the way to the bottom — 720 feet —
and we were walking around among the big turbines. I
saw the two turbines I had worked on. They even took my
picture there in front of them. When you’re at the bottom
of the dam looking back up at it, and you see the 50 foot
diameter pipes feeding these generators, it is just mindboggling. They did this back in the 1930s nevertheless!

to me as far as learning NDT and helping me to advance.
My membership has also been a benefit to my employer.
I’ve made a lot of great contacts that I can call on when an
NDT problem comes up. Fellow members have also called
on me for help with NDT questions.
What’s the worst part of NDT?
I guess sometimes if you get big quantities, and especially
if you run into a problem, it can get tedious after a while.
You have to stay focused, keep the right frame of mind to
make sure your interpretations are correct. Because, if
they’re wrong at this stage, they’re scrap.
What’s the best part of NDT?

You’ve been an active member of ASNT for quite some
time and held various offices in the Greater Philadelphia
Section as well as being the recipient of the Lou DiValerio
Technician of the Year Award in 2001. How has ASNT
membership been a benefit to you and how do you think
it would benefit those interested in an NDT career?

Well, the work itself; it’s good when you get everything to
go right. But also, it’s the people I’ve met by being a
member of ASNT and the camaraderie we’ve had.
What advice would you offer to one considering a career
in NDT?

I’m fortunate, my company has always supported my
activities in ASNT 100 percent and that has been a benefit
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INBOX
Q: Number belts for pipe welds —
what’s the best way to make them
and how many should you have?
J. Knapp, Seattle, WA
A: RT location marker tapes, or numbers lines, are commonly
made using duct tape and lead numbers. Here are the steps
required to make number belts or marker tapes:
Calculate or measure the circumference of the pipe. Keep in
mind that nominal and actual pipe diameters are different for
pipes under 14 in. in diameter. For example, an 8 in. diameter
pipe (nominal) is actually 8.625 in., and a 12 in. (nominal) pipe
is actually 12.75 in. So you must use the actual diameter when
you calculate the circumference. For 14 in. pipe and larger,
nominal and actual diameters are the same.
Decide if you want markers at the ends of each exposed film
or at regular intervals. Markers at the ends of film are most
common because fewer lead numbers are needed.
Next, decide what film size (4.5 in. x 10 in. or 4.5 in. x 17 in.)
you’ll use for the pipe size, as this determines where marker
numbers will be located. For film 10 in. long, numbers are
usually placed every 8 in. on the tape, which allows an inch of
film overlap at each end. For film 17 in. long, they're at 15 in.
Tear off a strip of duct tape about 6 in. longer than the
calculated circumference and approximately 3 times as wide as
your lead letters are tall. Lay the duct tape out, adhesive side
up, on a flat surface next to an extended tape measure. At

If you’re gonna do it, do whatever it takes. TNT
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one end, place a lead number zero (0) at the end of the tape
and adjacent to the end of the tape measure. The lead
number should be along one edge of the duct tape strip
because you will be folding the tape lengthwise over the
numbers when you are done. Continue to add numbers at
required intervals until you reach the end of the tape. Some
people use 0, 1, 2, 3, ..., others use the actual number of
inches from zero; this is often determined by the specification
or NDT procedure.
Carefully fold the tape over the lead numbers until you have a
fully wrapped numbers line the same length as the
circumference of the pipe. Finally, starting at the zero end, roll
up the completed numbers line and mark it with the pipe
diameter it is intended for.
To use a numbers line, select the proper line for the pipe to be
shot and unroll it. Use a short piece of duct tape to anchor the
zero end to the pipe and wrap the rest around until the other
end overlaps zero. Tape that end down. You're ready to go.
If you're shooting really hot pipe, the heat can cause the
numbers line to stretch. If it stretches to the point where the
numbers are no longer under the cassette, you can always cut
out a piece between each pair of numbers and retape the
pieces together to extend the life of the line.

E-mail, fax or phone questions for Inbox to the Editor:
hhumphries@asnt.org; phone (800) 222-2768 X 206;
fax (614) 274-6899.
ASNT is an International System of Units (SI) publisher providing units
in SI as well as common units of measure.
1 in. = 2.54 cm
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— the world’s most powerful UV-A lamp!

•

Reveals even the smallest surface defects!

•

•

•

Latest micro discharge light (MDL) technology enables the
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Features:
• Instant on/off/restrike switch — No lamp
warm-up required
• Safe — Virtually no emission of hazardous
UV-B light
• Super rugged — Lamp head and handle
constructed of special engineering polymer
• Prefocused bulb — Ensures optimum
performance
• Ergonomic design — Not affected by
excessive shock and vibration, provides
fatigue-free handling
• Mounting accessories — Ideal for custom
assembly
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available.
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