AFFORDABLE

uT
TRAINING

SOUND rerkelrlOilS |

“S0Uil3 REFLECTIONS “is a free monthly newsletter presenting basic UT math & theory plus inspection tips f or anyone wishing to gain more

insight into applied ultrasonic inspection. We hope that your UT problem solving curiosity will help you develop more UT knowledge.

Dual Media Velocity vs Distance on an A-Scan

STARTING POINTS required to understand Dual
Media Testing:

1. An A-Scan displays the sound beam DIS-
TANCE traveled between the inspected part
surface to any reflector within the part.

2.The basic calculation that the A-Scan fol-
lows to accomplish this is:

Distance=Velocity of sound in the tested ma-
terial x Time measured to the reflector

distance=velocity X time or d=v X t

3.The A-Scan requires that you enter only
one sound velocity, that velocity will be the
velocity for the material being inspected. This
velocity will not be the correct velocity for the
material between the transducer and the in-
spected material.

4. When you perform an inspection using an
incorrect velocity for a water path or a delay
line material between the transducer and the
inspected material, the displayed distance of
the delay coupling material will not be cor-
rect.

Definition: dual media UT inspection is simply
applying sound energy to a part through an-
other media or material to create a delay
path to the inspected part.

Using a typical A-Scan screen plus the UT test as
shown below, let’s look at this example of a test
with a block of acrylic resin between a contact
transducer and an aluminum plate UT inspected
with a normal incident transducer on the surface
of the acrylic resin.

True thickness of the acrylic resin block is 1.9
inches & sound velocity 1.07 X 10~5 IPS

True thickness of the aluminum plate is 1 inch &
sound velocity is 2.5 X 10”5 IPS

Again, note distance=velocity X time.

This mathematical statement means that TIME al-
lows you to measure the TRUE DISTANCE ONLY if
you are using the ACTUAL TRAVEL VELOCITY.

An A-Scan measures the sound path distance trav-
eled in both materials above (acrylic resin and alu-
minum) by using an electronic time clock. The on-
ly correct distance displayed is for aluminum be-
cause you entered aluminum’s sound velocity.

The delay media’s distance will NOT be correct be-
cause its velocity (1.07 X 10”5 IPS) is different
than sound velocity of aluminum. The velocity of
sound in acrylic is also slower than that of alumi-
num, roughly half that of aluminum. Please note
that each different material has its own character-
istic sound velocity.

Keep in mind that the A-Scan measures time of
sound travel, NOT the velocity of sound. This
means the A-Scan is essentially a Stopwatch that
monitors the TIME to and from each reflector in
any material. Let us dig deeper into the relation-
ship:

distance=velocity X time or (d = v X t)

The A-Scan electronics must somehow make this
calculation to measure the true tested distance.
To help understand the A-Scan electronic math
process, we will further examine the algebra and
physics of this measurement.

First, let us look at the algebra: d = v X t. In the
original algebra format, this relationship is the
same as the equation for a line: y = mx + b,
where b=0.

When viewed in this manner “v” fromd = v X t
plays the same role as m. which is a constant
slope for the line that can be plotted by d = v X t.
And...... that is exactly what v = velocity is when
ENTERED into the A-Scan. It is the constant used
along with the variable x = “t ” measuring elapsed
time as the sound beam travels to each reflector.

Let’s compare the plots of sound travel distances
in water, acrylic resin and aluminum using

y = mx. Each of the 6 graphic plots below shows
these plots.
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The cross cursor on the blue plot shows 4us trav-
el time to 1 inch in aluminum and 8us for 2 inch-
es round trip distance.
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The cross cursor on the red plot shows 9.345us
travel time to 1 inch in Lucite and 18.7us for 2
inches round trip distance.
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The cross cursor on the green plot shows

17.09us travel time to 1 inch in water and 34.2us
for 2 inches round trip distance.
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Whenever sound travels through water it always
takes 17.09 psecs to travel through 1 inch of wa-
ter, no matter what velocity setting you enter
into the A-Scan instrument. The only problem is
that any sound velocity value other than 0.585 X
1015 IPS that you enter into the A-Scan will not
provide the correct distance value of water path
distance on the display.

=0.25'x
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The two linear plots directly above compare dis-
tances obtained on an A-Scan display when using
two different velocity settings (0.0585 X 10”5
IPS & 0.25 inch/usec). The lefthand plot shows
the red cross cursor on the green sloped line at
(17.1, 1.0), which represents the measured dis-
tance of 1.0 inch at a time of 17.1 uysec in water
when using the true velocity of sound in water,
0.0585 inch/psec.

The adjacent righthand plot shows the red cross
cursor on the blue sloped line at (17.1, 4.275),
which represents the aluminum equivalent dis-
tance for 1 inch of water, 4.275 inches. On the
righthand graph trace the horizontal axis to the
right. When you reach 17.1, stop and then trace
directly upward until you cross the blue sloped
line. At the point of intersection of the blue sloped
line move directly to the LEFT until you cross the
vertical axis at the point of 4.275 inches.

With any pair of sloped lines, you can move to the
desired point in time on the horizontal axis. Then
trace a vertical line directly upwards, noting the
two points on the vertical axis at which you cross
each sloped line.

The previous algebraic plots were used only
demonstrate the mathematical origin of the opera-
tion of the distance measuring capability of a UT A
-Scan instrument. There was no intent to suggest
that you plot curves and trace them to determine
equivalent distance values. As a note, the original
analog electronic UT instruments used repetitive
time voltage sloped waveforms to generate dis-
tance measurements.

A quick way to determine the dual media equiva-
lent of one or the media in a UT inspection when
using an A-Scan during an A-Scan test is the fol-
lowing equations of two ratios.

drps= The resultant A—Scan display reading of the delay
material length.

dacr=The actual length of the delay path material\media
(fluid or plastic).

V= The velocity of sound in the inspected material\media

(solids or metals).
VpeLay= The velocity of sound in the delay material\media
(fluid or plastic).
The proportional relationship and several solutions are shown:
_ VmXdacr _ Vperay X drpg

= MTTAT . & dar=
P Vperay AcT Vi

dros _ Vm

=—;
dact  Voeray

Let’s use the relationships above to determine the
Aluminum equivalent water path distance for the
actual 1-inch water path distance. The aluminum
plate is 1-inch thick. Aluminum velocity is 2.5 X
1075 IPS; Water velocity is 0.585 X 10”5 IPS.

Vi 0.585
=4.3 inches on display

drpGwp = 4.27

Issue 2/2023




AFFORDABLE

uT
TRAINING

Here we determine the Aluminum equivalent Lu-
cite path distance for the actual 1.9-inch Lucite
path distance. The aluminum plate is 1-inch
thick. Aluminum velocity is 2.5 X 10”5 IPS; Lu-
cite velocity is 1.07 X 10”5 IPS.

_ VaXdacriy _ 2.5%x1.9
u )

=4.4 inches on display

=4.439

The Stop Watch Diagram Analogy

Start Stop
Exactly 1 Inch Water Path only at

@ velocity of 0.585 X 1075 IPS

| Travel Time will always be 34.2 psec. ‘

Longer

If Testing Velocity is, Greater than 0.585 X 1075 IPS, then the
A-Scan Screen Water Path distance appears Longer

> Shorter
If Testing Velocity is, Less than 0.585 X 1015 IPS, then the A-
Scan Screen Water Path distance appears Shorter

The immersed transducer and plate image
above the stop-watch-diagram represents a du-
al media UT test. The stop-watch-diagram, it-
self, represents a 1-inch water path distance
over which the sound energy travels to and from
the front surface of this 1-inch metal plate. The
basic "take away” from this stop-watch diagram
should be that the sound energy round trip travel
time for 1 inch of water will ALWAYS BE 34.2
psecs per inch of water because it is mathemat-
ically related to the characteristic Round Trip
Time (RTT) of water based solely upon the
characteristic sound velocity (0.585 X 1075
IPS) of water. The metal plate characteristic
sound velocity will be greater that water causing
the distance between echoes to be less that the
distance for water, even though the distances
are the same.

Note, every material has its own unique character-
istic sound velocity.

Importance of Sound Beam
Energy Time of Flight

d=v Xt

In our first issue, our initial topic was
travel time of sound energy in different
materials. As you can see, this issue’s
topic depends on understanding sound
energy travel time for determining the
sound path distance by an ultrasonic A-

Scan Instrument.
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UT PUZZLE

(Last Issue’s) “UT PUZZLE”

“RUAUTMATH PRO?” You are inspecting a 1 inch thick
aluminum plate through a water path using an A-Scan
instrument calibrated with the sound velocity in alumi-
num. The distance of the water path read on the
screen graticule, initial pulse to interface echo, is 4.5
inches. The velocity of sound in Aluminum is 2.5 x 105
IPS and the velocity of sound in water is 0.585 x 105
IPS.

The SOLUTION to the "UT PUZZLE" in the last issue of Sound Reflections is based on this issue’s front
page discussion of Dual Media UT inspections using an A-Scan instrument.

dacT=7?

drpg=45 inch

Va = 2.5X 10° IPS
VpeLay = 0.585 X 10° IPS

"4 Xd . X 4,
dacr= DE“‘:/M RDG _ O 58255 4-3 = 1.05 inches

"R U A UT PRO?” ) )

The adjacent diagram
You are required to inspect the bond line of a steel re- shows a 1 inch piece of
inforced copper electrical bus bar with the dimensions copper busbar rein-
shown in the adjacent diagram. You will be using a forced by 1/8 inch strip
spot focused transducer with a focal distance of 5 inch- of carbon steel.
es in water. Assume water velocity is 0.0585us/in & o Vater A UT test is required
copper velocity is 0.183us/in. — to ensure that there is
What is .the required wal:er path to place the _ g(EtRV\?e é‘ﬁ (t:rl]( eogot;)opr:acrl‘
focal point on the bond line? V) bar and the steel strip.
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Companies that Provide Fantastic UT Solutions

JESS W. JACKSON & ASSOCIATES, INC.

Nondestructive Testing Equipment

www.jwjndt.com

5096 BRISTOL INDUSTRIAL WAY, SUITE A
BUFORD, GA 30518

PH (678) 730-0770 EXT. 206

FAX (678) 730-0777

LMorgan@jwjndt.com

LES MORGAN
President

Tom DeJoseph
Super Senior Advisor,
Industry Relations Loram M/W Inc.

Cell: (203) 731-1232

E-mail: Tdejoseph@foram.com

LORAMIL:

MarkZer

Prototypes

= Production UT Systems Training
= Production UT Systems Consulting

= Custom E-Media Instructional Design

Vanishing Point Education LLC.
Your Road to Ultrasonic Testing Machines Training

Terry Banach WS Ed; PE ; ASNT UT Level Il

29 Cedar Lane Ext, Sherman, CT 06784

Phone: 860 350 8525; Cell: 203 470 0850;
VPEducation.com; tbanach@snet.net

= UT Level 1 & Il Classes ia., SNT-TC-1A = UT Systems Ops Problem Solving

= UT Systems Critical Thinking Training
= UT Systems Special Math Training

= Production UT Systems Seminars

Brandon Poythress, PE
Orwmer, Chief Engineer
branden(@markzeropro.com
281684 4412 markzeropro.com
=) Joseph Vitulli executiveconfidantes

Your Trusted Advisor

C: 845-323-0708

: . www.ExecutiveConfidantes.com
JLV@ExecutiveConfidantes.com

Personnel Development, Process Optimization, Product Improvement

procurement

Schedulingc\

ExecuItiveConﬁda,-,,_-es .—,5/
Manufacturing "1/
Customer
Inventory Interaction

Metrics

WE HAVE THE MISSING PIECE TO INDUSTRYS PUZZLING PROBLEMS
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