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Ultrasonic phased arrays use

multiple ultrasonic elements and

electronic time delays to generate

and receive ultrasound, creating

beams by constructive and

destructive interference. As such,

phased arrays offer significant

technical advantages over

conventional single-probe ultrasonic

testing: the phased array beams can

be steered, scanned, swept and

focused electronically.

Electronic scanning permits very

rapid coverage of  the components,

typically an order of  magnitude

faster than a single-probe

mechanical system. Speed increases

like this can be highly cost-effective.

Beam forming permits the

selected beam angles to be

optimized ultrasonically by

orienting them perpendicular to the

discontinuities of  interest — for

example, lack of  fusion in welds.

Beam steering (usually called

sectorial scanning) can be used for

mapping components at

appropriate angles to optimize

probability of  detection. Sectorial

scanning is also useful for

inspections where only a minimal

footprint is possible.

Electronic focusing permits

optimizing the beam shape and size

at the expected discontinuity

location, as well as optimizing

probability of  detection. Focusing

improves signal-to-noise ratio

significantly, which also permits

operating at lower pulser voltages.

Overall, phased arrays optimize

discontinuity detection while

minimizing test time.

Operation

Ultrasonic phased arrays are similar

in principle to phased array radar,

sonar and other wave physics

applications. However, ultrasonic

development is behind the other

applications because of  a smaller

market, shorter wavelengths, mode

conversions and more complex

components. Industrial applications

of  ultrasonic phased arrays have

increased in the twenty-first century.

Phased arrays use an array of

elements, all individually wired,

pulsed and time shifted. These

elements can be a linear array, a

two-dimensional matrix array, a

circular array or some more

complex form (Fig. 1). Most

applications use linear arrays,

because these are the easiest to

program and are significantly

cheaper than more complex arrays

because of  fewer elements. As

costs decline and experience

increases, greater use of  the more

complex arrays can be predicted.

The elements are ultrasonically

isolated from each other and
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packaged in normal probe housings. The cabling usually

consists of  a bundle of  well shielded micro coaxial cables.

Commercial multiple-channel connectors are used with the

instrument cabling.

Each element generates a beam when pulsed; multiple

beams constructively and destructively interfere to form a

wave front. (This interference can be seen, for example,

with photoelastic imaging.)2 The phased array

instrumentation pulses the individual channels with time

delays as specified to form a pre-calculated wave front. For

receiving, the instrumentation effectively performs the

reverse, that is to say, it receives with precalculated time

delays, then sums the time shifted signal and displays it.

This is shown in Fig. 2.

The summed waveform is effectively identical to a

single-channel discontinuity detector using a probe with the

same angle, frequency, focusing, aperture and other settings.

Figure 2 shows typical time delays for a focused normal

beam and transverse wave. Sample scan patterns are shown

in Fig. 3 and are discussed below.

Implementation. From a practical viewpoint, ultrasonic

phased arrays are primarily a means of  generating and
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In our July “Focus,” Michael Moles has prepared an
overview on the technology of  phased array nondestructive
testing. Content for “Ultrasonic Phased Arrays” has been
adapted from Vol. 7 of  the NDT Handbook on Ultrasonic
Testing.
In addition, Jacques Brignac tests your puzzle mettle in
“Crossword Challenge: UT Phased Array.”

When rounding irrational numbers — how much is too
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NDT technicians deal with this
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tutorial explaining the
importance of  relating our
calculations to the limits of  the
equipment being used and to the
precision required by the
customer’s specifications and
acceptance criteria.

Our Practitioner Profile, Tim
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FROM THE EDITOR

All electronics are filled with smoke.
If you let it out, they don’t work anymore.

Figure 1. Array types: (a) one-dimensional linear array of

16 sensors; (b) two-dimensional matrix array of 32 sensors;

(c) sectorial annular array of 61 sensors.
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receiving ultrasound; once the

ultrasound is in the material, it is

independent of  generation method,

whether generated by piezoelectric,

electromagnetic, laser or phased

arrays. Consequently, many of  the

details of  ultrasonic testing remain

unchanged; for example, if  5 MHz is

the optimum test frequency with

conventional ultrasonic testing, then

phased arrays would typically start by

using the same frequency, aperture

size, focal length and incident angle.

Besides generating and receiving

mulitple waveforms, phased arrays are

good at imaging. Specifically, a

standard display shows a two

dimensional B- or S-scan while

additional C-scans can be provided.

While phased arrays require well

developed instrumentation, one of  the

key requirements is good, user-friendly

software. Besides calculating the focal

laws, the software saves and displays

the results, so good data manipulation

is essential. As phased arrays offer

considerable application flexibility,

software versatility is highly desirable.

Phased array inspections can be

manual, semiautomated (that is,

encoded but hand-propelled) or fully

automated, depending on the

application, speed, budget and other

considerations.

Although it can be time consuming

to prepare the first setup, the

information is recorded in a file and

only takes seconds to reload. Also,

modifying a prepared setup is quick in

comparison with physically adjusting

conventional probes.

Scan Types

Electronic pulsing and receiving

provide significant opportunities for a

variety of  scan patterns (Fig. 3).

Electronic Scans.  Electronic scans

are performed by multiplexing the

same focal law (time delays) along an

array (Fig. 4). Typical arrays have up to

128 elements. Electronic scanning

permits rapid coverage with a tight

focal spot. If  the array is flat and

linear, then the scan pattern is a

simple B-scan. If  the array is curved,

then the scan pattern will be curved.

Electronic scans are straightforward to

program. For example, a phased array

can be readily programmed to

perform corrosion mapping, or to test

a weld using 45 deg and 60 deg

transverse waves, which mimics

conventional manualinspections.

Sectorial Scans (S-Scans).  Sectorial

scanning is unique to phased arrays.

Sectorial scans use the same set of

elements but alter the time delays to

sweep the beam through a series of

angles (Fig. 5). Again, this is a

straightforward scan to program.

Applications for sectorial scanning

typically involve a stationary array,

sweeping across a relatively

inaccessible component like a turbine

blade root, to map out the features

and discontinuities. Depending

primarily on the array frequency and

element spacing, the sweep angles can

vary from ±20 deg up to ±80 deg.
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Combined Scans.  Combining linear

scanning, sectorial scanning and

precision focusing leads to a practical

combination of  displays (Fig. 6).

Optimum angles can be selected for

welds and other components whereas

electronic scanning permits fast and

functional tests. For example,

combining linear and longitudinal

wave sectorial scanning permits full

ultrasonic testing of  components over

a given angle range, such as ±20 deg.

This type of  test is useful when

simple normal beam tests are

inadequate, such as titanium castings

in aerospace where discontinuities can

have random orientations. A related

approach applies to weld inspections,

where specific angles are often

required for weld geometries; for these

applications, specific beam angles are

programmed for specific weld bevel

angles at specific locations.

Linear Scanning of Welds.  Manual

ultrasonic weld inspections are

performed using a single probe, which

the operator rasters back and forth to

cover the weld area. Many automated

weld test systems use a similar

approach (Fig. 7a), with a single probe

scanned back and forth over the weld

area. Rastering is time consuming

because the system has dead zones at

the start and finish of  the raster.

In contrast, most multiple-probe

systems and phased arrays use a linear

scanning approach (Fig. 7b). Here the

probe is scanned linearly round or

along the weld, while each probe

sweeps out a specific area of  the weld.

The simplest approach to linear

scanning is found in pipe mills, where

a limited number of  probes test

electric resistance welded pipe.

Phased arrays for linear weld tests

operate on the same principle as the

multiprobe approach; however, phased

arrays offer considerably greater

flexibility than conventional

automated ultrasonic testing. Typically,

it is much easier to change the setup

electronically, either by modifying the

setup or reloading another; often it is

possible to use many more beams

(equivalent to individual conventional

probes) with phased arrays; special

inspections can be implemented

simply by loading a setup file.

Applications

Ultrasonic phased arrays are flexible

and can address many types of

problems. Consequently, they are used

in a wide variety of  industries where

the technology has inherent

advantages. These industries include

aerospace, nuclear power, steel mills,

pipe mills, petrochemical plants,

pipeline construction, general

manufacturing and construction, plus a

selection of  special applications. All

these applications take advantage of

one or more of  the dominant features

of  phased arrays:

1. Speed — scanning with phased

arrays is much faster than single

probe conventional mechanical

systems, with better coverage.

2. Flexibility — setups can be

changed in a few minutes, and

typically a lot more component

dimensional flexibility is available.

3. Cost effective — particularly for

high volume inspections.

4. Small footprint — small matrix

arrays can give significantly more

flexibility for testing restricted areas

than conventional probes.

5. Imaging — an image (enhanced to

simulate three dimensions) of

discontinuities is much easier to

interpret than a waveform. The

data can be saved and redisplayed

as needed.

Each feature generates its own

applications. For example, speed is

important for pipe mills and pipelines,

plus some high volume applications.

Flexibility is important in pressure

vessels and pipeline welds due to

(a)

(b)

Figure 6. Phased array imaging patterns: (a) scanning pattern using sectorial and

linear scanning; (b) image using all data merged together.
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1
2 3

N

Figure 5. Sectorial scanning on turbine rotor for sequence of N scans.

FOCUS continued from page 3.



geometry changes. Test angle is key for

pipelines, some pressure vessel and

nuclear applications. Small footprint is

applicable to some turbine applications.

Imaging is useful for weld tests.

Phased array nondestructive testing

is still quite new and still requires some

setup effort, especially for complex

three-dimensional applications.

Two-dimensional setups are generally

straightforward, provided the software

is user friendly. For example,

automated setup procedures have been

developed for weld tests. Phased array

systems are sometimes more costly

than single-channel systems; however,

the higher speed/productivity, data

storage and display, smaller footprint

and greater flexibility often offset the

higher costs, especially with the newer

portable instruments.

Lastly, the biggest practical problem

is finding trained operators, and several

companies have developed appropriate

training programs.
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Figure 7. Scanning: (a) conventional raster; (b) linear.
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Numbers are everywhere around us. They help

us to decide on purchases, to plan our

retirement, and to track everything from diet

and exercise to services we buy. Numbers in the

form of  measurements are the lifeblood of

industrial inspection. The field of  NDT uses

numbers to measure every physical

phenomenon: electricity, thermal expansion,

magnetism, light, pressure, viscosity, and

ionizing radiation. For this reason, the NDT

inspector needs math.

There are several situations in which a

technician may need to round off  a

measurement datum.

1. Several measurements may be averaged

together.

2. A measurement from one system of  units

may be multiplied by a conversion factor to

produce a measurement in another system of

units. Microprocessor software such as the

calculators preloaded on personal computers

frequently provides a menu of  metric

conversions; your smart phone might too. 

3. Fractional measurements today often need

to be recorded or expressed digitally, for

storage or processing. Changing to decimal

expressions usually requires additional digits.

4. A mathematical calculation may give an

irrational answer, with too many digits. That

occurs, for example, any time a value that is

not a multiple of  three is divided by three.

The same is true whenever a value is

multiplied by pi, an irrational number

approximately equal to 3.14159, expressed

here with only six significant digits.

5. The readout (typically, a liquid crystal

display) from a device may provide a

numerical datum with too many digits. Programs on computers

frequently do this.

A portable magnetic thickness gage typically measures thickness on a

magnetic substrate to the nearest hundredth of  a millimeter. The

technician may be able change the settings to display only the desired

number of  digits, but how many should that be? To answer that

question, the technician needs to understand the limits of  his test

equipment, as well as significant digits, the number of  digits in a datum

that express meaningful information rather than the mathematical noise

of  calculation.

Much more could be said about the mathematical idea of  significant

digits, but not here. Good tutorials are in many math textbooks and are

easy to find online. A good one has been posted by a chemistry

professor Frederick Senese of  Frostburg State University, Maryland.

Precision and Accuracy

The terms precision and accuracy, and precise and accurate, can cause

confusion if  their meanings are not clear and defined, with reference as

needed to specifications or standards. In statistics, several measurements

of  a given measured thing are called “precise” if  they agree closely with

each other, that is, if  the values fall close to each other. Also in statistics,

measurements are called “accurate” if  they agree closely with the actual

value. The explanation of  these terms is provided in NIST TN 12971

and repeated in JCGM 200, IEEE/ASTM SI 10, and NIST SP 811.2-4

Rounding by Patrick O. Moore*

INSIGHT
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The word precision, however, is commonly

used in a different sense, analogous to resolution
in imaging or tolerance in gaging. That is how it

is used below. Precision can be communicated

through care with significant digits, as well as by

tolerances noted after a plus-and-minus sign in

a measurement.

A spreadsheet program like Excel or

Numbers lets you set the number of  digits

displayed, but some basic calculators do not.

The most familiar rule of  thumb with

significant digits is that, when you multiply two

or more values together, the product must not

be more precise than the least precise multiplier.

Metric Conversions

Suppose you are working with an old

specification that calls for a measurement to the

nearest “mil,” or thousandth of  an inch,

0.001 in. But your overseas customer wants

your procedure to specify millimeters, not

inches. There are 25.4 millimeters in an inch

(0.001 in. = 25.4 µm = 0.0254 mm), and

keeping to the same degree of  precision you

would then need to round to the nearest

hundredth of  a millimeter.

A quick check of  ultrasonic thickness gages

shows that most offer a resolution to the

nearest hundredth of  a millimeter or

thousandth of  an inch. The user can toggle this

setting to display the measurement in either

system or with some other number of

significant digits. Some systems are called more

precise and boast measurements to the nearest

micrometer (or to the nearest ten thousandth of

an inch). The displayed resolution is a system

default, so the inspector does not have to

calculate significant digits.

It will take a moment to compare the

columns in Table 1. The first column lists

fractional measurements as are sometimes

found today in old specifications, in which the

inspector must trust to experience, common

sense, or precedent to know the desired degree

of  precision. However, the log of  maintenance

history shows that thickness measurements have

been desired to the nearest 10–3 inches, as in

the second column. How then will the inspector

convert and record the old measurements to millimeters? Rounding to

10–3 millimeter (third column) is too precise: there are 25.4 mm per

inch, which is more precise by one significant digit. But to round off  to

the nearest tenth of  a millimeter (fourth column) is too imprecise. The

history shows the measurements had been rounded to the nearest 10–3

inch, roughly the width of  a hair, very fine indeed. So we must settle on

a hundredth of  a millimeter (the final column), which for us, is probably

just right. Why qualify that answer with the word “probably”? Because

the precision desired always depends on the customer’s specifications

and acceptance criteria.

Precision of Datum Should Not Exceed Precision of Instrument

The assessment and recording of  some measurements entail calculation

— if  not to convert the measurement system, then to calculate an angle

of  refraction, to revise an old specification with newer units, or to arrive

at an average if  more than one reading is taken. When the instrument is

not doing the math automatically, the inspector must decide how many

digits to record. This decision calls for an understanding of  significant

digits.

Occasionally a novice inspector or student will copy a converted value

from a display readout and record an absurdly precise measurement, for

example, a thickness reading with 11 numerals to the right of  the

decimal point. Such resolution would be the thickness of  a hydrogen

atom — if  atoms had thickness. That’s ridiculous, of  course. No

instrument used for NDT is that precise. What the novice needs to do

is round off  the measurement to a value that makes sense, that does not

imply a greater precision than the sensor and instrument can provide.

The following example may sound familiar. Let’s suppose an old

specification calls for a coating thickness of  at least 3/64 inch. That

digitizes to 0.046875 inches or exactly 1.190625 mm. The original spec

was written in 1957, however, and was written for a gage that measured

to the nearest mil, or thousandth of  an inch. Yet suddenly you are

recording a measurement to the nearest millionth — far too precisely!
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Table 1. Too many, too few and correct number of rounding digits:
conversion of inches to millimeters.

inches

fraction with
unspecified with 10—3 millimeters

precision precision too precise too rounded just right

1 1.000 25.400 25.4 25.40

5/32 0.156 3.969 4.0 3.97

3/16 0.188 4.763 4.8 4.76

3/8 0.375 9.525 9.5 9.53

7/8 0.875 22.225 22.2 22.23

1 3/8 1.375 34.925 34.9 34.93

1 9/16 1.563 39.688 39.7 39.69

INSIGHT continued on page 8



Then you can round it off  to the desired number of  digits. Notice

that using more digits gives a more accurate product: 379 rather

than 385. If  you use increments of  ten (two significant digits), for

example, you would round to 380 rather than 390. Whether that

difference is meaningful would depend on how precise your

measurements are expected to be.

Table 2 illustrates this idea: several examples show that

multiplying with more digits sometimes produces greater accuracy.

In short, calculate with all the digits you can; the recorded sum,

however, should include only significant digits.

The equipment in question, your old gage,

cannot resolve measurements so finely.

Always Calculate with All Available Digits

before Rounding

In another example, let’s suppose for a pressure

test you are increasing a vessel’s pressure by

55 pounds per square inch. To convert that to

kilopascals, you multiply by roughly seven:

(1)

This measurement can give you a rough idea,

and you may be able to do it in your head. The

more precise conversion factor is 6.894757, and

this is the best conversion factor to use:

(2)

55 7 3852lb in. = kPaf/ ¥

55 6 894757 379 211642lb in. = kPaf/ . .¥

INSIGHT continued from p 7
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INSIGHT continued on page 12

Table 2. Calculating with more digits produces greater accuracy.

¥ 7 ¥ 6.894757
to to ¥ 6.894757

lbf / in.2 kPa kPa rounded

45.00 315 310.26407 310

49.00 343 337.84309 338

50.00 350 344.73785 345

55.00 385 379.21164 379
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Across
1. Near surface resolution is the _______ distance from the sound entry

surface at which a reflector can be identififed.
2. The programmed pattern of  time delays applied to pulsing and

receiving from the individual elements of  an array transducer in order
to steer and/or focus the resulting sound beam and echo response is
known as a focal ___.

6. A-scan: Ultrasonic waveform plotted as _________ with respect to
time.

9. When looking at novel weld inspection applications, one thing some
folks might forget is that “It’s still
___________.”

12. Transducers can be _______ only in
the near field.

13. The separation between individual
elements in a phased array transducer
is called the _____.

15. The combined width of  a group of
phased array elements that are pulsed
simultaneously is called the _______
aperture.

16. Term for interaction of  two or more
waves of  the same frequency but
with different time delays, which may
result in either constructive or
destructive interference.

18. ____ lobes are the spurious
components of  a sound beam
diverging to the sides of  the center of
energy, produced by acoustic pressure
leaking from transducer elements at
different angles from the main lobe.

19. The generation of  a sound beam at a particular position, angle, and/or
focus through sequential pulsing of  the elements of  an array transducer
is know as beam _______.

20. The active plane is the orientation that is ________ to the phased array
probe axis consisting of  multiple elements.

Down
1. The focus is the point at which a sound beam _________ to minimum

diameter and maximum sound pressure, beyond which the beam
diverges.

3. Also know as a sector or _________ scan, the S-scan is a
two-dimensional view of  all amplitude and time or depth data from all
focal laws of  a phased array probe corrected for delay and refracted
angle.

4. The cross-sectional B-scan is valuable because it allows visualization of
both near and far surface ___________ within a sample.

5. Used to normalize the measured sound path length to a reflector,
wedge delay ___________ is a procedure that electronically
compensates for the different sound paths taken by different beam
components in a wedge.

7.Also know as an electronic scan, a linear scan in one in which the
acoustic beam moves along the major axis of  the array without an
__________ movement.

8. The term S-scan can also refer to the
action of  ________ the beam through
a range of  angles.

10. ___________ calibration is a
procedure that electronically equalizes
amplitude response across all beam
components in a phased array scan.

11. The portion of  the sound beam
between the transducer and the last
on-axis sound pressure peak is known
as the ____ field.

12. Beam spreading occurs in the ___
field.

14. A multi-element phased array
ultrasonic probe is used to _____
beams by means of  phased pulsing and
receiving.

17. _____ resolution is the minimum depth
separation between two specified
reflectors that permits discrete
identification of  each reflector.

Answers
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Tim McAnally is serious about his work, even passionate. He’ll tell

you that one of  the best things about participating in local Section

activities is the opportunity it presents to meet with like-minded people

that understand what he does day-to-day and to talk with them about

what they do.

Q: How did you begin your career in NDT?

A: Like so many others, it was kind of  by accident. I

graduated from high school just over 30 years ago and I

was looking for some direction. At the time, I did not

feel like the military or college was for me though I look

back now and feel that I probably could have gone in

either direction and advanced more quickly. A friend

who was a foreman at a nuclear power plant that was

under construction needed some help as a radiographer’s

assistant. I was young and single and I made the jump. I

realized very quickly that it was a good opportunity and a

good fit for me. It was a brand new plant. We were

testing all the piping systems and some of  the structures.

I started out on the night crew because most radiography

is done at night when the welders and crafts people are

shut down and you can get into those areas with a

gamma source. Then there was an opening in the second

shift and that gave me the opportunity to train and

certify in PT and MT. By the time I left that job, I was

certified for RT, PT and MT.

Q:What certification do you currently hold?

A: I have MT, PT, RT and VT. Those are all ASNT NDT

Level III certifications. My current employer does

business with customers that require Level III service

that they have approved and, in this case, it’s ASNT

certified Level IIIs. I also carry employer certification to

the required aerospace standard of  NAS 410. That is

typically administered by a third party.

Q: Has your training been through your employer?

A: For the most part, it has been through my employers,

on-the-job, but there were occasions several years ago

when I took advantage of  courses offered by local

ASNT Sections. I think my career has been a little bit

unusual in that I remained as a Level II for a good part

of  it and was very happy as a hands-on inspector. But,

after 20 years, I decided the more logical move was to

get my Level III certifications. I felt the best way to do

that was through ASNT certification. I took advantage of

ASNT publications — the study guides — and did a lot

of  self-study at home. My years of  experience were a big

part in helping me to make it. I also learned very early on

that if  I relocated and took advantage of  the

employment opportunities offered, I could advance and

learn different things. So, I basically went from nuclear

power to a company that did mobile lab work. That

offered me the opportunity to see and work in a lot of

different working environments. During that time, I was

making inspections in power plants, ships, wind tunnels

— we even used radiography to inspect one of  the

polished titanium mirrors used in the Hubble telescope.

Q:What kind of structures are you now testing and what are the
indications you look for?

A: We are inspecting small components for motion sensing

devices and controls that are used in commercial

aerospace and the military. In most cases, it’s

preassembly. We do some laser beam welding on these

components and I’m responsible for some of  the

training and certification of  the welding operators and

I
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the welding inspectors. I also do some hands on

inspection, mainly penetrant. We utilize X-ray here too.

Some of  what we do is for production work, some of  it

is for research — troubleshooting. What we look at

changes from day-to-day and can vary in size from 1.0 in.

(25 mm) up to up to 18 in. (0.46 m). Our customers are

diverse. Most of  our work is broken up into product

lines that are handled in team environments. Because

there are radiation safety and waste treatment issues

involved with the X-ray room and the penetrant room, I

work in an area that is somewhat removed. The parts

that require inspection are brought here.

Typically, we’re looking for cracks or any type of

manufacturing defect. With welding, you can have a

number of  issues such as lack of  fusion, cracks or

porosity. Even though liquid penetrant tests appear to be

a simple process, it’s not as easy as it looks. It takes

experience and training to know what you’re doing. You

also have to be careful with the chemicals that you use.

Basically, you start with a clean part and you brush on or

dip the part into penetrant material — in aerospace, you

are required to use a fluorescent dye and all the

inspection is done under black or ultraviolet light. You

wait for a specified period of  time so that the penetrant

can soak in. The excess penetrant is then either wiped or

washed away. The part is dried and a developer —

typically a dry powder — is applied to the part. The

developer brings any trapped penetrant to the surface so

that you can see it with your eye under the ultraviolet

light. Our test parts are often small, so we may use

magnification. In most cases it’s handheld — your typical

handheld coddington magnifiers. We also use

stereoscopic magnifiers that can go up to 60X or 100X

though magnification that high is usually used for welds

and for doing visual inspection. For penetrant inspection,

you are limited to no more than 10X power. 

Q:What specifications apply to the parts you test?

A: We use ASTM 1417 for liquid penetrant and ASTM 1742

for radiography or customer specifications that are

derived from those. There are numerous specifications

that might apply and it depends on the contract and the

part we are doing.

Q:What is the most rewarding aspect of your work in NDT?

A: I help to make things safer or more reliable. My work

does make a difference.

Q:What do you find most difficult?

A: Sometimes you have to stand strong. You have to debate

or talk with people about why something they have

worked hard on and that they feel is good may not be

acceptable — why it doesn’t meet the specification

criteria. That can be difficult.

Q: Have you ever had or been an NDT mentor?

A: When I was just starting out, there was a gentleman

named Fred Foster that I worked with. He was a

member of  the Hampton Roads Section and I met him

on the job. He was an ASNT NDT Level III and my first

exposure to ASNT certification. He allowed me to look

over his shoulder and to assist him in documenting the

results of  the tests. I don’t think he realized how much

he was teaching me by doing that. Jack Titano in

Greenville, South Carolina has also been a mentor over

the years. Actually, he helped me with the employment

I’m in now. He’s always been a go-to person and a wealth

of  knowledge. 

Q: Has membership in ASNT Sections benefitted your career?

A: My employment has been directly related to contacts that

I have met through the sections. No doubt — you can

send a resume and apply for a job but if  someone knows

you or knows something about you, that goes a long way.

Contact Tim McAnally at mcanally@msd.kearfott.com. 
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Summary

In calculating and reporting measurements, care must be given to expressing values with a

precision that does not exceed the resolution of  the test equipment. This care requires both

a mathematical understanding of  significant digits and an appreciation of  what sort of  data

are needed and possible from the sensors. A reasonable and useful number of  significant

digits should be reflected in the instrument settings, and this resolution may be specified in

the written test procedure.

A comprehensive discussion of  measurement units for nondestructive testing can be

found in Volume 10 of  the NDT Handbook, third edition.5
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