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INSTRUCTIONS

The pages in this book should not be read consecutively as in a conventional book. You
wil]l be guided through the book as you read. For examplg, after reading page 3-12,
you may find an instruction similar to one of the following at the bottom of the page —

® Turn to the next page
@ Turn to page 3-15

® Return to page 3-10

On many pages you will be faced with a choice. For instance, you may find a state~
ment or question at the bottom of the page together with two or more possible answers.
Each answer will indicate a page number. You should choose the answer you think is

correct and turn fo the indicated page. That page will contain further instructions.

-As you progress through the book, ignore the back of each page, they are printed
upside down. You will be instructed when to turn the book around and read the upside
-down printed pages.

As you will soon see, it's very simple — just follow instructions,

Turn to the next page.
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CHAPTER 1 — ULTRASONIC EQUIPMENT AND METHOD SELECTION 1-1

So far in your study of ulirasonic testing you have learned the basic principles of
ultrasonic sound, its generation, and how it can be used to detect discontinuities in
materials of various types and composition. You are also familiar with the equipment

and methods of presenting ultrasonic testing results,

Before going into the application of ultrasonics, it would be well to review the systems,
methods, ‘and techniques that are available, You'll recall that ultrasonic equipment may
be placed into 3 general classes. These are (1) pulse-echo, {2) thmugh' transmission,

and {3) resonance.

TESTY SPECIMEN

TEST SPECIMEN

) ”""ﬁ:&:::::"x / ) VIEW ¢

VIEW A

TEST SPECIMEN

The views above illustrate the 3 general classes of ultrasonic test systems. Which

view best illustrates the principles of pulse-echo testing?

ViewA ... inunnen R S L LT H% WE S EB S E Y E e Wy e Page 1-2
WieWw B s usns am e on mn use . [ Page 1-3
View € .. ivvinisoaoivsssan S R E R RGN S FEE RN EE NS S P Page 1-4
HETESARREE)
5 2



From page 1-1 ; ) 1-2

Right. View A best illustrates the principles of pulse-echo testing.

Now, let's récall what is meant by the term "pulse-echo." We found that in pulse-
echo testing pulses of ultrasonic sound are generated by the test instrument and
introduced into a material, usually by a single transducer. The sound travels through
the material and is reflected from the opposite side backwtg the traﬁsducer. The trans-
ducer converts the sound vibrations to electrical vibljations and the reflected pulse is

displayed on a cathodé-raiy tube (CRT).

™ /cm'
X
N b4
(L[>
TIMER : RECEIVER
L {RATE g S:’R'};E,‘; =2l AMPLIFIER
GENERATOR) ’ MPLIEE
SWEEP
CIRCUIT
TRANSDUCER —___
TEST SPECIMEN._ |
s!;’o‘mits 5 (TO EACH CIRCUIT)

A-SCAN PULSE-ECHO SYSTEM - BLOCK DIAGRAM

Select the statement below which most nearly describes the nature of the sound

generated,

Short pulses of ultrasonic sound . . . ....... a e SR B B N ERRE BE 2% Page 1-5

Continuous ultrasonic sound. .. ........ P $wwE we e ww w e Page 1-7

From page 1-1 1-3

Your selection of View B as the best illustration of pulse-echo testiﬁg is incorrect.

View B shows the through transmission system using 2 transducers, one as a trans-

mitter and one as a receiver . . . more about through transmission later.

First Jet's take another look at View A.

INITIAL DISCONTINUITY

INDICATION TRANSDUCER
TEST SPECIMEN

BACK SURFACE
INDICATION —

VIEW A

Didn't we learn in Volume I that the pulse-echo system uses reflected energy to deter-

mine the presence of discontinuities? Yes. Now, doesn’t View A best illustrate this
principle? Of course.

Turn to page 1-2.




From page 1-1_ : ' ' 1-4

Your selection of View C as the best illustration of pulse-echo testing is incorrect.

View C shows a resonance system setting up standing waves within the test specimen.

You'll recall from Volume I that the pulse-echo system uses reflected energy to deter-
mine the presence of discontinuities. Now, doesn't View A best illustrate this principle?

Yes.

INITIAL ’
ol DISCONTINUITY oo o TEST SPECIMEN

INDICATION

BACK SURFACE
INDICATION . -
e o o]

s |

—— — T e

.

VIEW A

Turn to page 1-2,

From page 1-2 ‘ . 1-5

Good. You remembered that when using pulse-echo equipment short pulses of ulfra-

sonic energy are introduced into the test specimen.

The through transmission system operates on the principle of transmitting sound waves
through a test specimen with one transducer and receiving on a second transducer, as

shown below,
TEST SPECIMEN

: ] RECEIVER

y

The transmitted sound can be either continuous or pulsed. And the presence of a dis-
continuity is indicated by a reduction in the magnitude of sound energy reaching the

receiving transducer.

Select the best completion for the following statement.

Through transmission ultrasonic testing . . .

always uses separate transmitting and receiving transducers ......... Page 1-6

receives sound reflections on the transmitting transducer. ........... Page 1-8




From page 1-5 b “ i ‘ » ‘ 1-6

Correct again. The through transmission system always uses separate transducers

for transmitting and receiving ultrasonic sound.

Let us move on now to a brief review of resonance testing, The basic equipment
elements are shown below along with a representation of the way the sound waves look

in the test specimen,

TRANSDUCER

LOAD VARIABLE
SENSOR FREQUENCY - SPECIMEN
OSCILLATOR

INDICATOR /
1
i
TUNER g COUPLANT
TRANSDUCER
e Tod [ e 2T e 3 Tt 47

v XX 1vaX OO AP OO N

FUNDAMENTAL 157 HARMONIC

2ND HARMONIC 3RD HARMONIC

T = THICKNESS
X = WAVELENGTH

-~ The resonance system makes use of the phenomena of resonance, or stationary waves

that are produced when continuous longitudinal waves are introduced into a test specimen .

of the correct thickness. When the thickness T, shown above, is exactly equal to one-
half or multiples of the wavelength of the ultrasonic energy, the test specimen will
resonate and cause a loading effect on the transducer. And it is this loading effect
that's used to tell us something about the specimen under test.

Select the best completion for the following statement.
‘The resonance method of ultrasonic ;testving uses the principle of . . .

recording echoes from the opposite surface . .. .. ... ov i dennosus Page 1-9

standing waves of sound energy.

P

From page 1-2 . 1-7

Incorrect. Your selection of continuous ultrasonic sound as best describing the nature
of the sound generated by a pulse~echo instrument indicates that you do not understand

the meaning of the term "pulse-echo".

As the name implies, "pulse-echo” means the generation of a short pulse of energy and

observing the nature of the echo received from the test specimen to determine if there

are any discontinuities present.

Remember, it is necessary that a lapse of time be present between pulses in pulse-ech:
testing if discontinuities are to be distinguishable, If you are generating continuous
sound energy, you will not be able to distinguish the reflections from the generated

sound, or gain any intelligence that will help in determining if there are discontinuities

in the test specimen.

Turn to page 1-5.

e e




From page 1-5 1-8

Your selection indicates you did not get the point that two transducers are used in
through transmission testing. Two separate transducers are used, one for transmit-
ting sound encrgy into a test specimen and one for receiving sound energy which may

or may not have been modified by the internal characieristics of the test specimen.

Remember. Sound reflections are not used in through transmission testing. The

presence of a discontinuity is indicated only by a reduction in transmitted sound

magnitude,

Turn to page 1-6.

-From pige 1-6 v - C 1-9

By turning to this page you have indicated that you think the resonance system is based
on the principle of recording echoes from the opposite surface of a test specimen. This

is not the best selection as an answer,

Granted, the resonance system is dependent upon sound waves being reflected from
the opposite surface, however the reflection is not recorded on any sort of readout

device to give an indication of material thickness or presence of a discontinuity.

The condition of resonance must be satfisfied in the test specimen to give a reflection
back into the test instrument in order that an indication be present. If the frequency
of the sound being transmitted into the test specimen is such that the thickness ?f the
material is not one-half a wavelength or a multiple thereof, reflections of sound waves
from the opposite surface will not cause a resonance condition to be indicated on the

test instrument,

Turn to page 1-10,

Al




From page 1-6

Good. You are correct in stating that the resonance system uses the principle of

standing waves of sound energy in the test specimen.

You'll recall that ultrasonic testing may be further classified as either contact or
immersion testing. Whether a test is to be contact or immersion depends on many
factors, all of which you will learn in this volume. Right now let us take a look at

contact testing as illustrated below.

TESY SPECIMEN

™~ DISCONTINUITY \

In contact testing using the pulse-echo system, 3 things are required: (1) a test
instrument, (2) suitable couplant, and (3) a test specimen. In this case, the trans-

ducer is brought into contact with the test specimen with the sound being coupled from

the transducer to the specimen by the couplant.

-Select the best completion for the following statement.

Contact testing means the . . .

transducer is placed directly in contact with the test specimen. . .. ... .. Page 1-11

transducer is coupled through‘a thin layer of couplant to the test specimen, Page 1-12

From page 1-10 1-11

By turning to this page you have indicated that you think contact testing means placin.g

the transducer in direct contact with the test specimen.

Remember what you learned in Volume I about acoustic impedance and the effect of a
large ratio of acoustic impedance in the transfer of sound energy from one medium to
another ? If the transducer is placed directly in contact with the test specimen there

is a layer of air between the two surfaces. This air will effecti.vely cause all the sound
eﬂefgy to be reflected back to the transducer since it is such a poor conductor of sound
energy. Now, if you place a couplant between the two surfaces a good transfer of
sound energy takes place. A couplant, remember, is any substance such as oil,
glycerine and water, etc., which fills the space between the transducer and test speci-

men and provides a good impedance match between the two.

““Turn to page 1-12,




From page 1-10 } 1-12

Fine. By contact testing, we mean the transducer is coupled to the test specimen

through a thin layer of couplant.

Now that you have reviewed and understand the basic elements required in contact test-
ing, let us continue to the immersion testing method which is widely used in industry.
In immersion testing, the test épecimen and transducer are placed in a liquid, usually
water, and this liquid acts as the couplant in the transfer of sound energy from the
transducer to the test specimen. Under normal testing conditions, a large tank accom-
modates the test specimen and the transducer i$ attached to an overhead fixture as

indicated in the illustration below.

SCANNER TUBE

TEST (NSTRUMENT
IMMERSION TANK

TEST SPECIMEN
SUPPORY FOR TEST SPECIMEN

There are many advantages to the immersion method as compared to contact testing as
you will learn in this handbook. For the moment though, the important difference to

remember is that both the transducer and test specimen are immersed in the couplant.
Select the best completion for the following statement.

In immersion testing, an oil ‘couplant .

is not required

isrequired,....... v 6mow s 6 miie %l W e mw wE o o e IS By Bk 3068 Page 1-14
A

From page 1-12- ' 1-13

.That's right. An oil couplant is not required as the liquid in the immeoersion tank acts

as the couplant. There are many other significant differences between contact and
immersion testing. However, for the purpose of this brief review, as long as you
understand that the primary difference is the couplant, you are ready to proceed to the
application of the technigues that have been developed for testing materials of various

composition and shape.

Ultrasonic testing is particularly adaptable to the determination of the structural
integrity of materials used in aerospace vehicles and related ground support equip-

ment., Major applications are in the detection of discontinuities in raw stock and

finished articles, and in thickness measurement. The desirable features of ultra-

sonic testing include . . .

e High sensitivity permitting detection of small defects.

® Great penetrating power allowing examination of very thick materials.
e Accuracy in determination of discontinuity position and size.

e Fast response permitting rapid and automated testing.

@ Requires access to only one surface of the test specimen.

~¥From the above listing of desirable features of ultrasonic testing it is apparent that

this is a testing method that has a potential for very wide applicéﬁon. You could say
that ultrasonic testing . . .

replaces most other nondestructive testing methods. . . .. .. smme s s Page 1-15

is another nondestructive testing method that may be selected depending

upon the requirements of the test to be performed .. ... ........... Page 1-16



From page 1-12 ' - 1-14

No. Inimmersion testing, with the test specimen and transducer both immersed in a
tank of liguid, it is not m}cessar‘_y to apply a couplant material to the face of the trans-
ducer. The liquid provides the nécessary coupling and impedance match between the
transducer and test specimen to afford an easy path for the sound waves to travel into
the test specimen., The purpose of a couplant is to exclude air from the space between
the transducer and face of the test specimen, This affords a better match of acoustic
impedance and allows sound waves to travel into the test specimen. The liquid in an

immersion testing tank performs this function very nicely.

Turn to page 1-18.

From page 1-13 ‘ 1-15

Wrong. Ultrasonic testing does not replace other nondestructive testing methods
even though it is a very versatile method and has capabilities that may not be found

in other methods.

The discussion on the limitations of ultrasonic testing which follows will ¢lear up

this point.

Turn to page 1-16.



From page 1-13 ’ 1-16

Good. You have readily determined that ultrasonic testing is only one of a number of
nondestructive testing methods that may be selected depending upon the requirements

of the test to be performed.

As with all nondestructive testing methods, there are also certain limitations to the

" use of ulirasonics. Test conditions that may limit the application of ultrasonic methods

are. . .

e Unfavorable geometry of the test specimen, i.e., size, contour, complexity,

and orientation of defects.

e Undesirable internal structure, i.e., grain size, porosity, inclusion content,

or fine dispersed precipitates.

These factors affect the "defect detectibility” of the testing method. And "defect
detectibility” is determined largely by the "sensitivity" and "resolution” of the

test instrument in use.

You will recall from Volume I that "sensitivity" is the ability of the instrument to
detect a minute amount of sound energy reflected from a discontinuity in a test speci-
men. And "resolution” is the ability of the test instrument to produce separate

indications from discontinuities that occur close together in depth in the test specimen.

Given 2 pulse-echo test instruments. Instrument number 1 is capablé of clearly
showing reflections from discontinuities that are 1/4 inch apart in a specimen while
instrument number 2 can only distinguish reflections from discontinuities that are

1/2 inch apart. Instrument number 1 can be said to have the best . . .

semsitivity. . . .. ... .. e e Page 1-17
resolUtION . L L L L i e e e e Page 1-18
I

From page 1-16 1-17
Incorrect. Instrument number 1 has the best resolution. You missed the distinguish-
ing features of the differences in definition of "'resolution” and "sensitivity"”.

Again, “"sensitivity" is the ability of the instrument to detect the minute amount of

sound energy reflected from a discontinuity in a test specimen.

"Resolution" is the ability of the test instrument to produce separate indications from

discontinuities that occur close together in depth in the test specimen.

Turn to page 1-18,



Frot page 1-16 ‘ 1-18

An excellent choice, The "rosolution" of instrument number 1 is the better of the two
since it can detect discontinuitlies that are closer together than can instrument number

2.

Another important factor affecting ""defect detectibilily” is the "noise discrimination"

of the test instrument in use. Noise diszrimination is defined as the capability of the

test instrument to discriminate between signals from discontinuities and unwanted
signals of either electrical or acoustical nature, These unwanted signals could be

the result of unfavorable geometry of the test specimen or its internal structure, i.e.,

grain size, porosity, and inclusion content. Signals appear as spurious indications, =

vgrass”, "hash", or "metal noise".

Which of the following CRT patterns indicates another form of nondestructive testing

should be used?

From page 1-18 ) ) ' 1-19

Right. The CRT pattern shown in View A indicates another form of nondestructive
testing should be used. Any discontinuities that might be in the test specimen would
not be distinguishable because of the excessive "metal noisc” or "grass™ shown on the
screen. High attenuation and rough surface conditions are also factors that can limit

the use of ultrasonic test equipment.

With respect to ultrasonic testing, we find the pulse-echo system to be the most
widely used. An important advantage of the pulse-echo system is that we do not
have the problem of orientation between separate transducers as in through trans-
mission testing. One transducer acts as both the transmitter and receiver of the
sound energy. And the reflections from discontinuities provide speeific information

as to discontinuity size and distance from the surface of the test specimen.

The through transmission system also has certain advantages. Its main advantage
is a better near surface resolution as a result of using separate transducers for the
transmission and reception of sound energy. This allows us to detect discontinuities
just below the surface of a test specimen that would be impossible to find otherwise.
Attenuation is a lesser problem in through transmission as the sound energy has to
travel in only one direction through the test specimen. This makes it pussible for us
to test thicker specimens than if we were using. pulse-echo. The principle disadvan-
tage of through transmission testing is the x:equirement that the transmitting and re-
ceiving transducers have to be precisely oriented or :aligned on th.e test specimen

for proper results. Also, the use of separate transducers doubles the problems of

surface roughness and couplant.

Which of the following systems would you select to test a specimen if you needed to

know the depth and size of any discontinuities found?

Through transmission ... ... ...ttt rennans Page 1-21
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From page 1-18 1-20

Incorrect. The CRT pattern shown in View A indicates another form of nondestructive
testing should be used, e. g., radiography or magnetic particle, etc. View B repre-

sents a favorable response from a test specimen,

You'll recall that spurious indications and metal noise were briefly discussed in
Volume 1. And the various CRT screen patterns were presented. We found from these
patterns it was easy to have a discontinuity go undetected because of the many multiple
reflections appearing on the screen, Spurious indications could also be mistaken for
discontinuities. Therefore, in cases where these conditions are present, another

form of nondestructive testing should be used.

Turn to page 1-19.

From page 1-19

1-21

You selected the incorrect answer. The through transmission system will not give

you the depth or specific size of a discontinuity. For this reasons the pulse-echo

system would be the

Turn to page 1-22,

best.




From page 1-10

Excellent. You selected the correct answer, The pulse-echo system would be the

best system to use if you needed to know the depth and size of any discontinuities found. °

You remember it is impossible to determine a discontinuity's depth when using the

through transmission system.

The resonance system is used primarily to measure material thicknesses however it
can also be used to detect large discontinuities, delamination, and lack of bond. The
chief advantages of resonance testing are that most of the equipment is simple to
operate and portable. However, a limitation of resonance testing is that as material
thickness increases, accuracy decreases. Surface taper may also reduce resénance .
amplitude to the point where resonance indications are difficult to obtain. And we

find the pulse-echo system to be the more accurate in measuring thicker materials,

Which of the following systems would you use to measure the thickness of a thin

specimen with parallel surfaces?

Resonance, . ...... Bk e B e dE B B SE R S B SE A B @ vv .. Page 1-23
Pulse-echo . . ..ttt i e e e e Page 1-25
CEDGRAER)
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From page 1-22 1-23

Right. You would usc the resonance system to measure the thickness of a thin speci-
men having parallel surfaces. The pulse-ccho system would be better on thick test
specimens,

Let us now take a look at some of the advantages of the contact method of ultrasonic

testing.

TRANSDUCER

coumm\ ’

\\ \C};@@i
T

TEST SPECIMEN

One of the main advantages is flexibility of location. This portability allows the test
equipment to be taken to the material or products to be tested, Other advantages of
contact testing include , . . )

& A minimum of test instrumentation and accessories are required.

o Capability for surface wave testing.

@ Deeper penetration power.

e Ability to test very large specimens.
¥rom a review of the advantages of contact testing, it is obvious that this method in
general does not lend itself to automatic scaming and recording such as might be

required in production line testing,



From page 1-23

1-24

Correct. In the contact testing method, the transducer must be scanned over the

specimen usually by hand, or spot readings taken depending on the thoroughness of the

test. This method, then, does not lend itself generally to automatic scanning and

recording such as might be used in production line testing. We can say that this is

a disadvantage of contact testing.

Other limitations of contact testing are . . .

e Difficulty in maintaining uniform acoustical coupling between the test surface

and transducer. This contributes to loss of sensitivity in the testing system

and test results are not uniform,

e Reasonably smooth surfaces are required in order that there be a maximum

transfer of ultrasonic sound energy to the test specimen.

@ The use of heavy couplants leaves a coating of oil or grease on test specimens

that will need to be removed later.

o Contact testing has a greater "dead zone" at the entrance to the test specimen

than immersion testing due to CRT saturation by the initial pulse.

the near surface detection or resolution of discontinuities,

This limits

e Transducer angulation cannot be varied continuously as is possible in immer-

sion testing except under special conditions when a variable angle transducer

is used,

Analysis of the limitations to the contact testing method indicates the greatest disad-

vantage is . . .

lack of near surface resolution .............

difficulty in maintaining uniform acoustical coupling

From page 1-22 1-25

Incorrect. For measuring the thickness of a relatively thin specimen with parallel

surfaces, you would use the resonance system. These are ideal conditions for using

the resonance system. The resonance system is extremely accurate for measuring

thin materials while the pulse-echo system is better for thicker materials.

Turn to page 1-23,



From page 1-23 ) ‘ ' ©1-28

From your selection of a ""false” answer it is apparent you think that contact testing
does lend itself to automatic scanning and recording such as might be required in pro-
duction line testing. Sorry. Your selection is incorrect. In this method the trans-
ducer must be scanned over the test specimen usually by hand, or spot readings taken

depending upon the thoroughness of the test being performed.

Turn to page 1-24.

From page 1-24 : 1-27

One of the disadvantages of contact testing is lack of near surface resolution which
means that discontinuities cannot be detected on the surface or just bencath the sur-

face. This area of the test specimen is obscured by the initial pulse of the test

instrument.

Howcver, the main disadvantage is the difficulty in maintaining uniform acoustical

coupling between the face of the transducer and the surface of the test specimen. The
sensitivity of the testing system will vary as will the test results if the operator does
not maintain uniform pressure on the transducer when holding it in contact with the

test specimen.

Turn to page 1-28,
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Excellent. You have correetly selected as the main disadvantage of contact testing the
difficulty encountered in maintaining uniform acoustical coupling between the surface
of the test specimen and transducer. This reduces the sensitivity of the testing system
and does not give uniform test resuits. The lack of uniform acoustical coupling is
caused primarily by the operatoi' not being able to maintain a constant pressure on the

transducer as he tests different spots on the test specimen, or as he makes tests on

several test specimens in a lot.

Now let's take a look at the advantages and disadvantages of immersion testing.

SCANNER TUBE

TEST INSTRUMENT
IMMERSION TANK.

TRANSDUCER

The principle advantages of immersion testing are . , .

o Higher test frequencies can be used which leads to high scanning speeds and
higher sensitivity to small discontinuities,

® Ease at which transducer angulation can be varied.
e Ability to scan irregular-shaped test specimens,

e Better near surface resolution of discontinuities.

Does the immersion method lend itself to automat-ic scanning and recording?

s

From page 1-28 1-29

Right. The immersion test method does lend itself to automatic scanning and record-
ing, Automatic scanning and recording would simple require the addition of a motor-
driven carriage with an automatic indexing mechanism for scanning the specimen, and

a C-scan recorder to make the recording.

We also find that immersion testing has certain limitations or disadvantages. These

limitations or disadvantages are. . .
e A large number of accessories are required.

e A large amount of sound energy is reflected at the water/test specimen inter-

face thus reducing indication amplitude.
e The size of some specimens will not permit immersion in a tank.

Suppose we had a specimen at some field location that we wanted to test ultrasonically.

Which method would you most likely use?
Contact method

Immersion methof . o o u os s 6 5.5 5.0 04 0.5 88 bs 6.8 55 588 8656 o6 ¥ Page 1-32
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|
- You are incorrect when you say the immersion method does not lend itself to automatic ! Very good. Contact testing would most likely be the best method to use when testing
i

scanning and recording., Tt does. In fact, most automated ultrasonic systems use the in the ficld. The immersion method would be better in the shop or on a production line,

immersion method or a variation thereof. depending on the test requirements,
Let's recall the typical test sctup used in immersion testing. It includes the test As you can see from the preceding discussions, there are many variables to be con-

instrument, immersion tank, and a manipulator supported by the carriage. The trans- sidered in ultrasonic testing, some of which are controlled by the operator and some

ducer is mounted in the lower end of a scanner tube in the manipulator. Now, by using by the inspection problem itself.

a motor-driven carfiage with an automatic indexing mechanism in place of a manually

: In the selection of equipment the operator determines the type of instrument to be used
operated unit, can not a transducer be set up to automatically scan a test specimen?

and the type and size of transducer to be employed. Once the equipment has been
Yes. And a recording can be made of the scanning operation usin -

B S i selected, the operator controls all the variables of equipment operation. And the
equipment operation variables can be classed as those relating to fechnique and
Turn to page 1-29,
gontrol settings.

Variables in ""technique" are the selections that are possible in relation to coupling
method, sequence of scanning the test specimen, and procedures used for peaking

the test instrument.

Variables in "control settings” relate to the test instrument and the selection of

operating frequency, pulse length, and sensitivity. Improper selection of any of the

... operator-controlled variables can affect the results obtained from the test.
Variables controlled by the ultrasonic operator are . . .
equipment selection andoperation. . . .. ... .ottt e i B Page 1-33

test specimen and transducer tobeused . . ... .. ... L. S s BE B Page 1-34



From page 1-29 1-32

Incorrect. The immersion method does not lend itself very well to field testing. This
is due largcly to the number of accessories required and bulky equipment ... not very

portable,

On the other hand we find the contact method well suited for field testing. We do not
have to contend with the immersion tank, carriage, and manipulator, etc. Remember,

portability is one of the main advantages of contact testing.

Turn to page 1-31,

s Lo e o

1-33
From page 1-31

You are correct. The operator controls the selection of equipment and equipment
operation, As you will see later in the discussion of ultrasonic acceptance standards,
we will have some help In this selection, but still a lot of responsibility for success

or failure of the tests depends on the operator.

The second set of variables in any ultrasonic testing situation are those controlled by
the inspection problem. These variables are the properties of the test specimen and

discontinuity conditions that may exist.
Properties of a test specimen that may affect a particular ultrasonic test are . . .

® Sound velocity within the specimen,
® Acoustic impedance of the material,
¢ Shape of the specimen and surface condition.

o Sound attenuation within the specimen and "noise" level,

Discontinuity conditions that may exist in a test specimen vary over a wide range.

Their effect on a test situation dependson . . .

@ Depth of discontinuity in the test specimen.
s Size and shape of discontinuity.
® Acoustic impedance of discontinuity in relation to that of the test specimen.

e  Orientation of discontinuity with respect to the specimen front surface.

Given a particular test specimen, which of the following may be modified by the

operator?

Shape of the BpeCiMEN o« sv vv w4 5% ais 3% 38 6.4 eia 55 518 § 55 58 s B Page 1-35

Adjustment of the test Instrument . . . . .. .. ... L L o Page 1-36
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From page 1-31 1-34

Wrong. The operator docs control selection of the transducer to be used but does not
have any control over the test specimen. His assignment to perform an ultrasonic test

on a particular specimen or group of specimens is a fixed quantity and cannot be con-
trolled by him.

Turn to page 1-33.

From page 1-33 1-35

Incorrect. A test specimen may be of an infinite number of shapes and sizes. If you
were the ultrasonic test operator and modified the shape of the specimen before making

a test, you would be approaching the field of destructive testing, rather than nondestruc-

tive testing.

No, the operator cannot modify the shape of a specimen. He can, however, adjust the
test instrument controls to reduce undesirable effects, In Volume II you learned that
most ultrasonic test instruments are provided with internal electronic control circuits

that enable the operator to vary the CRT presentation or instrument indication to obtain

a desired response,

Turn to page 1-36.

-



From page 1-38 1-36

Excellent. You have correctly deduced that an ultrasonic test operator can adjust
only the test instrument controls to obtain a belter response or CRT presentation.
About the only modification an operator can make to a test specimen is its surface
condition. With proper authorization, you may sometimes smooth the specimen sur-

face if it is so rough that testing is impractical.

Now that you understand there are many variables that must be considered in perform-
ing ultrasonic testing successfully, let us take a look at some of the general require-

ments for successful testing, These are. . .

e A clear definition of the test to be performed.

® Well-trained operators, properly supervised.

®  Adequate standard reference blocks or reference specimens for comparison to
test specimens.

® A good test procedure.

® Realistic acceptance standards.

The most important of the general requirements for successful ultrasonic testing are
to have well-trained operators and provide these operators with a test procedure and
- -.acceptance standards that clearly define the extent of discontinuities that may be toler-

ated in a test specimen,

““From an analysis of the above general requirements of successful ultrasonic testing,

what would you say determines the type of standard reference block or reference speci-

men to be used in evaluating discontinuity indications in the test specimen?

Determined by operator judgment . . . . . . . .« . . . . . . .Pagel-37
Stated in acceptance standards , . . . . . . . . . . . . . . .Pagel-38
he

From page 1-36 : 1-37

Your analysis was faulty this time. The typc of reference to be used is not determined

by operator judgement.

You'll recall from Volume II that standard reference blocks are used to establish
discontinuity size. We will find that the type of test block, material, etc., is pre-
scribed in the acceptance standard. And it is the responsibility of the operator to
evaluate indications from the test specimen with reference to the artificial discon-
tinuity indications provided by the standard reference blocks or reference specimen

prescribed.

Turn to page 1-38,



From page 1-36 1-38 1

Excellent. You haven't been told anything about acceptance standards yet but you have
correctly determined that the type of standard reference block or reference specimen

to be used to evaluate discontinuity indications in test specimens will be prescribed in

the acceptance standard.

The test procedure and acceptance standard are important documents and must be used

together. General requirements are,..

® Instrumentation - General statement specifying end results.
©® Testing Technique - Immersion or contact testing specified as well as the

scanning technique to be used,

® Reference Standards - A requirement that discontinuities be compared to
reflections returned from equipment calibrated previously with ultrasonic i

reference blocks,

® Acceptance Limits - Ultrasonic quality levels are provided by acceptance

standards.

It appears that a good test procedure and acceptance standard provides a lot of detail
about an ultrasonic test to be performed. Would you say that this test documentation

reduces the need for operator training, or has no effect on the need for training ?
Reduces need for operator trafning . . . . « . . . . . . . . . Page1-39

Has no effect on operator training requirements, . . . . . . . . . Page1-40

From page 1-38 1-39

- By turning to this page you indicate that you think that good test documcentation will

serve as a crulch and reduce the need for training of operators of ultrasonic equipment,
Look at the requirements again - it merely serves as a starting point, sets up the
general requirements for the test, and provides a reference point for evaluating dis-

continuity indications from the test specimen.

One of the most important requirements of an operator of ultrasonic equipment is
evaluation of the indications received from a discontinuity. This can only come from

training and experience,

Turn to page 1-40,



From page 1-38 V 1-40 ~

That is right. Regardless of how good the test documentation is, we still have a need
for thorough operator-training. No written detail will substitute for the judgment re-
quired in evaluating the discontinuity indications that may be expected when submitting

test specimens to ultrasonic testing.

Once a determination has been made of the correct method of conducting the test
(contact or immersion), and the equipment selected (pulse-echo, through transmission
or resonance) it is necessary to assure that the test instrument is calibrated against

standard ultrasonic test blocks before proceeding with the test.

e

When acceptance of material is based on rigid ultrasonic test standards, very close
attention must be paid to the calibration of test instruments to assure that accurate

test results will be obtained,

Calibration or standardization of ultrasonic instruments is based on reflections

from...

the opposite surface of a test block of known precise dimension . . . . Page 1-41

precisely machined holes in test blocks providing an air interface . . . Page 1-42
SRR

e

From pé.ge 1-40 V 1~-41

“Your selection is not correct. If we were to base the ealibration or standardization of

ultrasonic instruments on reflections fromthe opposite surface of test blocks of known
precise dimensions, we would be merely assuring that a back surface reflection is
received and would be able to determine the transit time of the ultrasonic beam and

thus measure the thickness of the block.

What is really desired during standardization is {o determine the magnitude of the re-
flection obtained from a simulated discontinuity in the test block, These simulated
discontinuities are in the nature of precisely-machined holes in test blocks of known

size and distance from the test surface,

Turn to page 1-42.

-t
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Excellent, The principle method for calibration or standardization of test instruments
is based on reflections received from precisely-machined holes in standard reference

{test) blocks.

In Volume II you learned that test blocks are provided in sets with precisely-machined
holes of varying dimensions and depths. In this volume you have learned that test
blocks are prescribed as standards against which to compare discontinuities in test

specimens.

Ultrasonic test standards for various tests will prescribe the size of hole and depth in
the test block that is to be used as a reference. Since test holes have ideal geometry ’
and surface condition, all discontinuities in the test specimen whose reflection ampli-
tude is equal to the reflection from the test hole will tend to be E{f_{fﬁthaﬂ the dimensiony

of the ideal test hole.

Test blocks used for standardization should be similar to the test specimen in the

following respects:

@ Alloy content.

® Heat treatment.
® Degree of hot or cold working due to forging, rolling, or extruding.

It may be necessary at times to fabricate test blocks when standard reference test

blocks are not available in thé same material as that of the test specimen, In some
cases, a portion of the test specimen is removed and artificial discontinuities intro-
duced by drilling carefully-machined, flat-bottom holes at certain depths to produce

artificial discontinuity indications.

Is the following statement true or false? Test blocks made from extruded aluminum
bar stock would be suitable for standardizing the test instrument for performing tests

on aluminum castings.

TIUC . « o o o o o o s o o ' = o o o« & o« o o s « » » Pagel-43

False. « + « « o 4 o e+ e 4 e & 4 s e s 4 4 s 4 . . . Pogel-44
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From page 1-42 ' 1-43

By selecting a ""true” answer you are indicating that you think discontinuity echoes from
aluminum bar stock and aluminum castings would be very nearly the same so that if the
equipment is standardized using test blocks of extruded bar stock, discontinuity indica-

tions from the casting could be correctly interpreted.

This answer could be considered correct under certain conditions, but usually there
will be large errors in evaluating discontinuity indications from the casting. The
selection must be considered wrong because under practical test conditions you could

not be sure that the comparison in discontinuity indications is correct.

Turn to page 1-44,
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Right. If test blocks of extruded aluminum bar stock ave used for standardizing the
test instrument and tests are performed on aluminum castings, the echo indications
from discontinuities in the test séecimcn may have no rélntionshi;ﬁ in size to the indi-
cations received from simulated discontinuities in the test blocks. This is due to dif-

ferences in internal structure of the 2 materials.

Consider now a practical example .of the use of test blocks and standardization. Sup-
pose the ultrasonic test requires that discontinuity indications in excess of the response
from a 3/64-inch flat-bottom hole at the estimated depth of discontinuity be cause for

rejection of the material.

Assume that while testing a specimen ultrasonically, we obtained a discontinuity indi-
cation which showed a discontinuity at a depth of 2 inches in the test specimen. The

height of the indication was 1 inch on the CRT.

First we would select a test block of similar alloy as the test specimen with a 3/64-

inch flat-bottom hole at a depth approximately 2 inches from the face of the block.

Then we would adjust the response from the test block using the. instrument sensitivity

control to display an indication 1 inch in height on the CRT.

Next the test specimen discontinuity is rechecked and its amplitude compared with
the reflection from the test block. If the discontinuity signal height is equal to or
greater than 1 inch, the discontinuity would be larger than the acceptance standard.

The test specimen would not be acceptable to the standard.

Is the fdllowlng statement true or false? A discontinuity indication from a test speci-
men that is equal in height to an indication from a test block indicates the discontinuity

"is actually larger than the flat-bottom hole.

TIOE « oo cvbn b bm 2 35 Bmins P RS R R RE B B S 8w e e Page 1-45
False,......... e e e e as e s s e e e e Page 1-46
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From page 1-43 1-45

Excellent. A discontinuity indication from a test specimen that is equal in height to
an indication from a flat-bottom hole in a test block can always be considered as indi-
cating a discontinuity that is larger in size than the flat-bottom hole.  This is due
largely to the fact that discontinuity surfaces are always uneven and this causes scat-

tering of the sound heam.,

In summation, you have learned in this chapter that in vltrasonic test system and

method selection |

Ultrasonic testing has both its advantages and limitations with respeet to other

forms of nondestructive testing.

System and method sclection depends largely on environment and the test results

reguired.

o Many variables must be considered, some of which are operator controlled and

some by the inspection problem itself,
® The particular requirements of a test are set forth in the test procedure,

® Standard reference (test) blocks are used to determine and evaluate discontinu-

ities.
e Standardization is a must in evaluating discontinuity indications.

One more thing, The calibration and alignment of electronic circuits within an
ultrasonic test instrument is beyond the scope of this handbook. However, as a last
consideration, an instrument must bear a currently valid calibration sticker before

it can be considered adequate for performance of a test,

Turn to page 1-47 for a review of what you have learned in this chapter.
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From page 1-43 . 146

Your selection "false" is not correct. From pagc 1-45

A flat-bottom hole is carefully machined and there are no rough surfaces while a dis-

continuity in the test specimen will always have an uneven surface. An uncven surface 1. The next few pages are different from the ones which you have been reading.

will cause scattering of the sound beam, thus reducing the energy in the reflected por- There are arrows on this entire page. (Write in the correct number

tion of the sound, The net result is that a discontinuity signal of equal amplitude to a of arrows.) Do not read the frames below. FOLLOW THE ARROW and turn

signal from a flat-bottom hole will always indicate a discontinuity that is larger in size to the TOP of the next page. There you will find the correct word for the [>
than the flat-bottom hole. Therefore, your answer should have been “'true”. "8 T blank line above.
. ’ ‘ 8. standing
Turn to page 1-45. _ R g
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9. The most widely used ultrasonic test system is p -e

16. through transmission

N 17. Attenuation is a (greater)(lesser) problem in through transmission

D

testing than in pulse-echo testing.

g 24. immersion

& ) ) ‘e 25, Variables in an ultrasonic testing system that are controlled by the operator

are equipment s and o

| D
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This is the answer to the blank|
in Frame number 1,

26.

Given a test specimen of certain size, shape, acoustic impedance, surface

condition, and discontinuity properties, only the sur, [

1. four Frame 2 is next
2. These sections wil} provide a review of the material you have covered to this
point. There will be one or more blanks in each £
9. . pulse-echo
10. The method of ultrasonic testing where the transducer is placed on the
test specimen with a thin couplant separating them is called I
testing.
17. lesser
18. The chief advantages of resonance testing are sim and
p
25. selection, operation

(with proper authorization) can be modified by the ultrasonic operator.

2. frame
3. By following the arrows or instructions you will be directed to the section
which follows in sequence. Each section presents information and requires
the filling in of D
10. contact
11. The method of ultrasonic testing where the test specimen and transducer
are placed in water is called testing.
18. simplicity, portability
19. With reference to the resonance system, pulse-echo is the better system
for measuring thicknesses in {thinner) (thicker)
* materials. b
26, surface condition
27. Assume you are performing an ultrasonic test. Thet
s prescribes the type of standard reference {test) block or
reference specimen that will be used to compare with discontinuity indications
in the test specimen.
O .
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4, short’

5. The pulse-echo system provides specific information as to a discontinuity's

8 and d from the test specimen front surface.

D

12. thickness, discontinuity

13. Defect detectibility is largely dependent on the se

»

res____, andnoise d factors of the test

instrument in use.

20, higher

-

1-50
4. blanks {or spaces or
words)
4. In pulse-echo ultrasonic testing __ pulses of sound energy are
transmitted into a test specimen.
11. immersion
12. The most widely used applications of ultrasonic techniques in the aerospace
industry are in th measurement and d
detection. D
19, thicker
20, Compared to the contact method, the immersion method has a (higher)
(lower) » sensitivity to small discontinuities.
27. test standard
28. Standardization of ultrasonic instruments is based on reflections from flat-

bottom in standard reference {test) blocks.

21, Difficulty in maintaining a uniform acoustical coupling between the test
~ “spécimen ard transducer is a disadvantage of (contact) {immersion)

testing.

28, holes

28, If a steel plate is being tested by ultrasonics, the reference blocks used

for standardizing the test instrument should be made of __
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. through transmission
5. size, depth

7. Through transmission testing uses transducers.

6. The system in which discontinuities are indicated by a reduction or loss

of transmitted energy in the test specimen is called t

: y 5

. ' 14. through t issi
13. sensitivity, resolution, ough iransmission

discrimination

15, To determine the depth and specific size of a discontinuity, we would use
14, The best near surface resclution can be obtained using the (pulse-echo)

the (pulse-echo)({through transmission) system.
({through transmission), system.
)
-
22, immersion
21. contact
22, Better near surface resolution of discontinuities can be obtained using the 23. Transducer angulation is easier using the _method.
: . ¢
-~~~} -~~~ ~(contact) (immersion) ____ method. '

30. larger
29, steel

31. Turn to page 2-1 and continue,
30. Assume a discontinuity indication 1" in height from a test specimen. The :

magnitude of the indication from a 5/64f' flat~bottom hole at the same approxi-

mate depth is also 1", It can be assumed that the size of the actual discon-

tinuity is e than the flat-bottom hole. ; ) . 9




1-54 CHAPTER 2 - PULSE-ECHO/THROUGH TRANSMISSION TESTING USING 2-1
THE CONTACT METHOD

In Chapter 1 you reviewed the basic systems and methods used in ultrasonic testing and

learned each has its advantages and limitations depending on the test conditions that
8. The ultrasonic resonance system uses the principle of st - exist. You learned of many variables that must be contended with and the importance
waves of sound energy in the test specimen, . and use of test documentation. At this point in your study of ultrasonic testing you

should have a "feel" for selecting the most logical test system and method required '

G Return to page 1-47,_ a to perform a particular test you have at hand.
frame 9. ’

Let's take a look now at some of the considerations in selecting test equipment for con—

R d tact testing. We'll assume that you have a wide variety of instruments with varying
15. pulse-echo R .

characteristics to select from, and many possibilities in the selection of transducers ‘

and display devices. In actual practice this ideal condition in which a wide selection
16. The problem of transducer alignment is a principle disadvantage of of equipment is available will not often be realized. But, since we should consider

testing. all the ways that test specimens affect the selection of test system components, it is

G Return to page 1-47, necessary also to consider the capabilities of the equipment that may be available to

frame 17. . obtain the best test results.

~This chapter covers the application of 2 basic systems used in contact testing, These

23. immersion are. . .

. @ Pulse-echo using one transducer as both a transmitter and receiver of
24, Test specimen size is a limiting factor in testing.

. sound energy, or separate transducers for each function,

~® Through transmission using separate transducers for transmitting and

G Return to page 1-47, receiving the sound beam.
frame 25.

Turn to page 2-2.




From page 2-1 2-2

From the discussions in Chapter 1 on the advantages and disadvantages of pulse-echo

and through transmission testing, you learned the pulsc-ccho system is the most widely

used. This is truc for scveral reasons. There is no orientation problem of separate

transducers for transmission and reception since these 2 functions are combined into
1 transducer., And reflections from discontinuities provide specific information as to

the relative size of a discontinuity and its distance from the surface of the test specimen

Shown below is an illustration of through transmission testing.

TRANSMITTER RECEIVER oy

RELATIVE AMPLITUDE

When using through transmission, are discontinuity indications proportional to the

amount of sound energy reflected by the discontinuity?

X8 o u i

crsesvmveAvieimensguEa wsw PATE23

e Y Tt ve-vev-... Page2-4

From page 2-2 2-3

You have indicated you think the CRT indication in test situations using through trans-
mission would be proportional to the amount of sound energy reflected by a discontinuity.

Your selection is notl correct.

You'll remember that in this type of testing the transm itting and recciving transducers
are placed on opposite sides of the discontinuity. The receiving transducer will receive
only that portion of the sound energy that is not reflected by the discontinuity, thus no
indication will indicate sound energy is not getting through the specimen. A smaller
amplitude CRT indication will signify that there is partial reflection and not all the

sound is getting through.

1f the received pulse and the transmitted pulse are of the same relative height on the

CRT, the test spccimen is sound,

Turn to page 2-4.




From page 2-2 94

That is right. The CRT indication when using through transmission is inversely pro-
a discontinuity. Total reflection
of the sound energy will result in no energy being received by the re

portional to the amount of sound energy reflected by

If there are no discontinuitics in the test speeimen, the amplitude of the sound energy

received by the receiving transducer will be maxim\im,

We also learned in Chapter 2 that through transmission testing has certain advantages

over pulse-echo testing. These were better near surface resolution and the capability

for testing thicker test specimens,

In through transmission testing, the receiving transducer does not "see" the reflection

from the front surface of the test specimen. At what depth in the test specimen do you

think discontinuities can be detected?
A few thousandths of an inch

About 1/4 inch

ceiving transducer,

From page 2-4 2-5

Very good. When the through transmission system is used there is no longer any prob-
lem with near surface resolution and discontinuities just below the surface of the test
specimen can be detected, However, due to the disadvantages we've previously dis-
cussed, through transmission is not widely used for detection of discontinuities except

in special applications.

In contact testing it is possible to use a sound beam that is perpendicular to the test
surface, that goes into the specimen at an angle; that goes along the surface of the
specimen, or that goes through the material from one side to the other. Determination

of the proper equipment to be used depends on the following factors:

e Nature, size, orientation, distribution, and number of discontinuities that

may be expected in the test specimen.

~® Shape, dimensions, and critical areas of the test specimen will determine type

of transducer to be used.

& Surface condition, such as smooth or rough, flat or wavy, forged, cast, or

rough machined will determine selection of couplant and test frequency.

e Specimen internal structure may be fine or coarse-grained. This will affect
atteniuation and scattering of the sound beam and will defermine the test

frequency to be selected.

Turn to page 2-7.



From page 2-4 ) 2-6

You can do better than 1/4 inch, Since the initial puisc is not obscuring part of the

specimen immediately beneath the surface, it is possible to detect discontinuities that

lie a few thousandths of an inch from the surface when using scparate transmitting and

receiving transducers.

Turn to page 2-5.

From page 2-5 2-7

Consideration also should be given to the following performance requirements of an
ultrasonic test instrument when making a selection for a particular contact test

situation,

¢ The frequency range capability of the instrument.
e Instrument resolution,
" @ Linearity of the instrument (the capability of an instrument to displayv‘signal

amplitude in proportion to amount of reflection from a discontinuity).

e Instrument penetration power (Is sufficient power available to penetrate the
test specimen?).

e Instrument sensitivity to give the required amplitude indications,

@ When necessary, a capability for measuring distance (marker circuit).

® Capability for both 1~ and 2~transducer applications is required.
Select the best completion for the following statement.

Ultrasonic equipment selection is dependent on .

test specimen characteristicsonly ... ... .. e e e Page 2-8
the test situation . .. ........ ok ki kA b REAEAE BT RS RS WA VRS . . Page 2-9
E] L]



From page 2-7 ) . 2-8

You did nol select the best answer. It is true that the test specimen plays an huportant
part in the selection of ultrasc‘mic test equipment; however, are not the test results we
wish to obtain also an important consideration? Of course. We should know the test
requirements as well as the characteristies of the test specimen, i.e., shape, size,

surface condition, and internal structure when selecting ultrasonic equipment.

Turn to page 2-9.

e ontagib e o e M ot 418

‘From page 2-7 : 2-9

Excellent. You correctly determined that the Selcction of ultrasonic test equipment is

largely dependent on the test situation and not just the tesi specimen alone.

Once the test situation is established and the basic test instrument selected, it is im-

portant to select the proper frequency to test the material in the test specimen to meet
the requirements of the test. It is usually desirable to test at the lowest frequency that
will locate specified minimum sizes and types of discontinuities consistently. Because
of variations in the structure of materials, it is not possible to specify a frequency for

all ultrasonic tests of a given material type. Listed below are the frequency ranges

and test applications generally used.

FREQUENCY RANGE TEST APPLICATIONS

200 KC - 1 MC CASTINGS: GRAY IRON, NODULAR IRON, AND RELATIVELY COARSE-
GRAINED MATERIALS, SUCH AS COPPER AND STAINLESS STEELS.

400 KC - 5 MC CASTINGS: STEEL, ALUMINUM, BRASS, AND OTHER MATERIALS

WITH REFINED GRAIN SIZE.

PLASTICS AND PLASTIC-LIKE MATERIALS, SUCH AS SOLID
ROCKET PROPELLANTS AND POWDER GRAINS,

1-5MC ROLLED PRODUCTS: METALLIC SHEEY, PLATE, BARS, AND BILLETS.

200 KC - 2.25 MC

2.25-10MC DRAWN AND EXTRUDED PRODUCTS: BARS, TUBES, AND SHAPES
1-10MC FORGINGS

2,25~ 10 MC GLASS AND CERAMICS.

1-2.25MC WELDS

1-10MC

MAINTENANCE INSPECTION, ESPECIALLY FATIGUE CRACKS.

As in Volumes I and II, it should be noted the term Hertz (Hz) is now the u;xiversally
accepted designation for the measure of frequency in place of cycles per second (cps).
But to avoid possible confusion by using the newer term, the more common phrase
cycles per second (cps) is retained in this handbook. It should also be noted that
megaHertz (mHz) means the same thing as megacycles (mé) and kiloHertz (kHz) is

the same as kilocycles (ke).

A coarse-grained internal structure in a test specimen will require the selection of &.

high test frequency. .. ... e st aaetaesaseaieeneaananae... Page2-10

Tow teSt FTEQUENCY - < « ¢ v« cossasnsverasessassnsnsssosssess Page2-ll
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From page 2-9 2-10 i

|

Your selection is not correct. A high test frequency will be scattered by the coarse
grain structure of the test specimen. .If the frequency is high enough, the reflections
will probably be such that it will appear that the specimen is defective when a lower
frequency will not indicate a rejectable discontinuity. When in doubt about the internal

structure of a specimen, the operator should experiment to determine the correct fre-

quency to be used for the test.

Turn to page 2-11,

From page 2-9 2-11

‘That is correct. A low test frequency is required to test a specimen that has a coarse-

grained internal structure. A high frequency will be scattered and can lead to an inter-
pretation that the specimen is bad when a lower frequency will indicate a sound speci-

men,

The surface finish of a test specimen often affects the selection of test frequency. A
surface that is rough or pitted with corrosion will require lower test frequencies to

give proper sensitivity to the test system.

Under many test conditions, with proper authorization, the operator may do a certain
amount of surface conditioning before a satisfactory test can be conducted, Rust, heat~
treating scale, and corrosion should be removed with a power disc sander or brush.
However, paint that adheres firmly to the metal need not be removed. A surface that
has been rough machined may not be smooth enough to allow testing. In this case

smoothing should be accomplished with a disc sander.
What is the effect of a rough test surface when testing with a high frequency?

Refraction of sound beam

‘Scatter of SOUnd BEAM .+ - . « e v e et e e e e e e Page 2-13

-




‘From page 2-11 ’ ) 2-12

Your choice of a possible answer is not correct. You seem to have forgotten for the
moment that "refraction” is bending of a sound beam when it passes from one medium
to another. In this case, the sound beam does not enter the medium of the test speci-

men but is scattered by the unceven surface of the test specimen.

Turn to page 2-13.

o

From page 2-11 T 2-13

Correct. A rough surface on a test specimen will cause higher frequencies of ultra-
sonic sound to scatter with very little of the energy entering the test surface. "Re-
fraction™, of course, does not occur at the surface since this phenomena occurs only

when sound beams pass from one media to another.

As stated before, test conditions are also affected by the internal structure of the test
specimen. Not all pieces of steel are the same internally. Forgings, castings, extru-
sions, plate, and rolls all have their own peculiarities of internal grain structure.
Some are coarse; others are fine, The characteristics of the internal structure are
significant when selecting the proper test frequency. For fine-grained materials, a
high frequency should be used; otherwise the lower frequency beam will not "see" the
discontinuities. Just the reverse is true for coarse-grained specimens - a lower fre-
quency must be used to avoid having reflections from the coarse grains appear as

discontinuity indications on the CRT.

You'll recall from Volume I that when ultrasonic sound passes through a material it
does so by successive particle displacements. The ease of particle displacement is
determined to a certain extent by the wavelength of the sound energy. At high fre-
quencies the wavelength is short in relation to the size of the grain in the material and
a large amount of the energy is expended as heat since‘thé mass of the grains does not
move to permit the sound to travel through the specimen. 'Also, some of the sound

energy is reflected back to the transducer giving false indications of discontinuities.
Which material has the finer grain siructure, an aluminum casting or aluminum plate?
Aluminum casting

Aluminumplate . . .. ... i i i i it s Page 2-15



From page 2-13 v 2-14 From page 2-13 2-15

.Your selection of a casting is not correct. A casting will usually have a coarser Correct. An aluminum plate will have a finer grain structure than an aluminum cast-
grain structure than a plate which has been rolled and formed, Grain structure of ing. You, thercfore, would select a lower frequency if a test was to be made on an

materials becomes more refined as they go through additional forming processes, aluminum casting.

Before procceding to the factors that should be considered in the selection of the proper
Turn to page 2-15, )
transducer to do the job, let us briefly review the principles that must be considered

in selecting the test frequency. These are . . .

® The highest ie'sﬁ frequency will provide the greatest sensitivity for detection of

small defects.

® The lowest test frequency will give the power that is necessary to penetrate

more deeply into the specimen being tested.

The ability of a testing system to detect discontinuities close to the surface depends
on frequency among other factors. Which of the following will afford the best "near

surface™ discontinuity detection?

( Low test frequencies. . . .. .. ... ... ittt Page 2-16
High test freqUentieB « . cu vu s 5 s0 55 66 65 65 6.5 6.5 5 5.5 5% om ae o o e Page 2-17
) £
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2-16
From page 2-15

Your selection would not give the best "near surface resolution"“in the detection of
discontinuitics. You need a high frequeney for the best system scnsitivity and
resolution.

Low test frequencies are the best where increased power is required to penetrate thick

test specimens.

Turn to page 2-17.

e

From page 2-15 2-17

Excellent. When you have a choice of low and high test frequencies and want to
detect discontinuitics close to the surface, the high test frequency is the best sclection,
Combine this with a short pulse length and you will have a combination of factors that

will give you the best "near surface" detection of discontinuities.

Now that the problems to be faced in selection of a test frequency are understood, let
us proceed to factors to be considered in the selection of transducers. The following

factors must be taken info consideration:
e A large-diamcter transducer is required when testing through greater distances.
e Available contact surface limits the size of the transducer,

® PBeam spread is often desired to detect randomly-oriented discontinuities, Other

applications require the straightest beam possible to minimize reflections from

surfaces of the test specimen.
e A straight beam is useful for tracing the edges of a large discontinuity.

® At any frequency, the larger the crystal, the straighter the beam; the smaller
the crystal, the greater the beam spread.

e For a transducer of given diameter, there is less beam spread at higher fre-

quencies than at low frequencies.

Turn to page 2-18.



From page 2-17 : 2-18

Suppose now that the material to be tested is large and flat. To test such a specimen
you would choose a transducer that covers a large arca, either a large single trans-
ducer, or a mosaic of smaller crystals such as could be found in a paint-brush trans-

ducer which you learned about in Volume II.

If the test is to be made through ridges, shoulders or other restricted arcas on the test
s-pecimen, you would select a small diameter transducer. k For a curved surface a flat
transducer would provide best line contact (point penetration), or to obtain maximum
contact surface between the transducer and test specimen, a transducer with a curved

surface (curved shoe) will provide the best results.
At a given ultrasonic test frequency which will give the largest beam spread?
Alargetransducer. ..........ccouiv et eieneansannna... .. Page2-19

Asmalltransducer. . .. ........ .. ittt Page 2-20

£
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-From page 2-18 2-19

The size of the beam coming from an ultrasonic transducer is not to be considered as
proportional to the size of the transducer. Quite to the contrary, the larger the trans-
ducer the smaller the beam spread. Just keep in mind that the relationship of beam

spread to transducer size is an inverse proportion.

You should have selected "small transducer™ as the answer to the question since, at a

given frequency, a small transducer will give the largest beam spread.

Turn to page 2-20.




From page 2-18 . ' ‘ 2-20

Good. You have correctly selected as your answer the fact that a small transducer

has a larger beam spread at a given ultrasonic frequency.

Now, let us concern ourselves with the typé of defeet that the test is expected to detect.
The size of the expected defect, its orientation to the test surface, distribution in the

test specimen, and distance from the surface are important considerations in planning

the test.

You'll vecall high frequencies are required to locate the smallest defects and for test-
ing near the surface of the specimen. Testing for defects that are a great distance
from the test surface will usually require larger transducers than those used for test-

ing for defects closer to the surface,

Suppose you are testing a long specimen over 10 fect in length from the end. The area
of a suspected discontinuity is 10 feet from the test surface. You have selected 2,25 me
as the frequency most likely to give the best test results, With a choice of a 1/2-inch
or l-inch diameter transducer, which should be selected to penetrate to and beyond the

suspected discontinuity?
1/2~inch transducer . ... ... T A A Page 2-21

1-inch transducer. ... .. T SO Page 2-22

From page 2-20 ; 2-21

Did you guess on this onc? If so, you guessed wrong., The 1-inch transducer should
have been selected. It will produce a higher intensity beam over the 10-foot distance
for detecting a discontinuity in the suspected arca.  The 1/2~inch transducer would

produce a lower intensity beam that quite likely would not have sufficient power after

traveling the 10 fect, toﬁ retum“a measurable reflection,

Turn to page 2-22,

b




From page 2-20 ‘ 2-22

An excellent choice. The 1-inch.transducer is the hest selection for the example
given. Tt would have a higher beam intensity at the 10-foot distance which would more

likely return a reflection from a discontinuity if onc cxisted in the suspected area.

The technique to Abe used in performing the ultrasonic test also has an effect on the
selection of the proper transducer. It may be desired that the ultrasonic beam look
into the test specimen at an angle. In this casc, a transducer with a plastic wedge will
be selected. The illustration below shows what happens to the sound beam when it

enters the test specimen at an angle due to the law of refraction (Snell's Law) which

you learned about in Volume I.

TRANSDUCER FRONT REFLECTION BACK

/‘ .
PLASTIC w 32% - 360 /
PLAST! R1 3 ‘ Iat—:necnou

| SPECIMEN

Sound is caused to bounce through the test specimen and reflect back to the transducer

along the same path.

You'll recall from Volume II that angle beam transducers for contact testing are
available in any desired angle from manufacturers of transducers. The common angles

available without special order are for 45, 60, and 90 degrees of refraction in steel.

If an angle transducer will produce an angle of 45° in steel and you are to use this trans-
ducer for testing aluminum, will the angle of the sound beam in aluminum be greater or

less than 45°? Assume shear ‘velocity of sound in aluminum is less than in steel.

Lessthan 45° . ... ... ...ccvnnnn Sr mu we s . siie WS W% mr SN B 8 Page 2-23
More than 45° . ... ... Figs s v g B B B B Bh SR Bk wy m e i e Page 2-24
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From page 2-22 2-23

Excellent. Congratulations on correctly deducing that the refraction angle of the ultra-
sonic wave in aluminum will be less than in steel. This is due of course to the applica~

tion of Snell's Law.

Now for a review of the considerations to be made in the selection of a transducer for

making the test. Theseare. . .

e Larger-sized crystals should be used for general testing and when the least

beam spread and maximum power is required.

e Smaller-sized crystals should be used on uneven surfaces, or when the test

surface is too small to permit use of large units.

e Selection of an angle beam or straight beam transducer should conform to the

testing technique to be used.

e Special, curved contact shoes should be used when testing curved or irregular

surfaces.

®  If available, a paint-brush transducer should be selected for the maximum

scanning area in testing large flat specimens.

Turn to page 2-25.



From phage 2-22 2-24 V From page 2-23 ' 2-25
It looks like you guessed on this one and guessed wrong. Actually, the refracted angle 5 A satisfactory contact test cannot be conducted without use of a suitable couplant be-
in aluminum will be slightly less at 43° when compared with a 45° angle of refraction tween the transducer and test surface. A couplant you'll remember is a substance
in steel, assuming that the angle of incidence remains the same. In this casc, the : that "wets" the surface and acts to exclude air between the 2 surfaces.

angle of incidence is fixed by the plastic wedge in which the transducer is mounted. You learned in Volume II that for most contact testing applications, a thin film of
:

This is due to the relationships between the angles and velocities of sound in the two couplant should be used and thickness between the 2 surfaces should be uniform. In

materials as related by Snell's Law. Snell's Law, expressed by the formula some applications, where it is not possible to use a liquid couplant, a thin sheet of

sin ¢y V. ) .

gin wl = -‘—i—l— , tells us that the sine of the angle of refraction is in direct proportion to T e rubber or plastic may be used.  Examples of couplants that may be used are . . .
2 2

the valuc of shear velocity when the formula is rearranged and written as :

(sin ¢7) (Vy) @  Light machine oil,
V-

sin ¢y = . The shear wave velocity is less in aluminum than in steel.

_ e SAE-10 or SAE-20 motor oil,
Since this factor is reduced, the angle of refraction will also be reduced. e Water with a wetting agent (common detergent)
e Water and glycerine with a wetting agent.

9.
Turn to page 2-23., e Special couplants available from instrument manufacturers for certain applications.

And you learned in Volume II that a couplant should . . .

-~ e Be easy to apply.

® Not run off the surface too fast.

¢ Be free of bubbles or solid particles.

¢ Be noncorrosive and nontoxic.

® Have an acoustic impedance as near as possible to the acoustic impedance of the
test specimen (between that of the specimen and transducer).

®  Not affect the fabrication operations to follow.

Suppose you are conducting a test on a vertical surface. Which would be the most

suitable couplant?
Ol . v v v v e & & o o e a s s e e e e e s e 4 . . Page2-26

Water withwettingagent, . . . . « ¢« « ¢ + » + o + + « & . Page 2-27




From page 2-25 £ ) 2-26

Very good. A good selection, If testing on a vertical surfnce with the selection of

couplant limited to oil or water with a wetting agent, oil is the best couplant to sciect.

Once the proper test instrument has becn selected, it will be necessary that the operator

check the operating efﬁciéncy of the instrument.

Operating efficiency is checked using standard ultrasonic test blocks, To do this, the
instrument is connected to the power source, power is turned on, and the equipment
allowed to warm up for the peri‘od specified in the manufacturer's instruction book.
After warm-up, tests are made on test blocks of varying thickness to determine

that adequate artificial discontinuity indications are received from the flat-bottom
holes and that discontinuity indications from flat-bottom holes at varying distances

from the test surface give CRT indications of varying amplitudes.

This procedure is not 'td be confused with ""standardization” of the instrument — it is
merely to assure that the instrument is in operating order hefore procecding with the

test in accordance with the test documentation.

Is the following statement true or false? A couplant will not beé‘equircd when making
the above check for test instrument operating efficiency since the test blocks are very
precisely machined and the test surface smooth enough that good contact will be made

between the transducer and test surface,

False...... G Wk b e B 6 TN AP S Ea W N M RE e RN 6 Page 2-28
UL 4o nan b v s s 56 8005 0% 56 Lo sE eVl PR IS L SE S ws o we Page 2-29
BESTENEGN

From page 2-25 2-27

Your selection is not the best. Water with u wetling ageat will provide coupling
qualities but will have a tendency to run off the vertical surface too rapidly. 0il
would be the best of the 2 couplants in this application. It will provide a film that

adheres to the surface long enough for the test to be complete,

Turn to page 2-26,



From page 2-20 2-28

That is correct. A couplant is required at all times between a transducer and test
surface, regardless of how smooth the surface is. A very thin couplant will be ade-

quate for the smooth surface involved.

Before conducting a test you should have a clear idea of the kind and quantity of dis-
continuities you expect to find. This will determine the number of test points to be

used and the care to be used in evaluating suspected discontinuities.

A discontinuity indication should not be considered as a discontinuity until its origin
is determined by making tests at as many angles as is possible. This ensures it is
a discontinuity and not a result of a reflection from an irregular shape in the specimen-

or due to metallurgical structure.

If the initial test is made using a straight beam, a discontinuity indication should be
-examined at various angles using angle beam techniques. In many cases, where
irregular-shaped specimens are being examined, the beam should be plotted on a draw-

ing of the specimen to determine the angle to be chosen for an angle test.

Suppose the rear surface of a test specimen lies at an anglé of 20° to the front surface.
What will be the effect on a normal A-scan display considering the basic elements of

the display a]wa&s include front and back surface indications under normal conditions?

No effect. . . .. A EEREE AU Page 2-30
Loss of back reflection . .. .. .vvuuunnn... amiE W s e v _Page 2-81
Sevtea)

From page 2-26 7 2-29

You sure guessed on this one, didn't you? It doesn't matter how smooth a surface is,

a couplant is still required in contact testing,

A thin film of couplant, such as a light oil, will be adequate in the case cited, but is

still needed to exclude air and allow the ultrasonic sound beam to penetraie the test
block.

Turn to page 2-28,
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You selceted the wrong answer,  Look at the illustration below,  You can see what will That is right. If the rear surface lies at an angle of 20° with relation to the front

happen to the sound beam when it strikes the angled rear surface. You learned in surface therce will be a loss of back reflection since the sound beam will be reflected

Volume I that the beam will reflect at an angle that is equal to the angle of incidence. from the angled sm‘fé cc at an angle of 20° within the test specimen.

Since the rear surface is atv an angle of 20° to the incident beam, the reflection witl
. . You learncd in Volume T that with most pulse-echo/through transmission test instru~
be at an angle of 20° and there will be no reflection returning to the transducer for -

ments, you can control the length of the ultrasonic'pulse generated by the test instrument.
display on the CRT. "

And by adjusting pulse length, you can control the number of cycles of sound energy
TRANSDUGER

. applied to the transducer.
INCIDENT BEAM ._ - i

The illustration below shows how the pulse length will affect the ability of the test

instrument to locate discontinuities near the surface.

LONG PULSE EW

Y

DISCONTINUITY > TEST SPECIMER
#, =20° {
4, =200 ) SHORT PULSE M~

Turn to page 2-31, : . L.

PROBABLE

A" RESONAHCE

5

™ REFLECTED BEAM

© TEST SPECIMEN

- DISCONTINUITY
/
3 / o

__A long pulse blocks the receiver during the period of transmission of sound and covers
up reflections from the discontinuity. The example shown indicates that the reflection
5 . may be interpreted as a resonant condition between the front surface and the discon-
tinuity. There is no back reflection since the large discontinuity causes total reflection

of the sound energy.

When the pulse length is shortened, less energy is transmitted into the test specimen,
. . and it flows for a shorter interval, Reflected sound energy is not blanked out by the

incoming pulse and discontinuity indication appears where none was detectable with the

longer pulse.

Should the test instrument be adjusted for a long or short pulse when testing a thick
specimen with a suspected discontinuity about 10 inches below the surface?
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Correct. Any time you are checking for discontinuities that are suspected to lie

Your selection was not the correct one, Testing at a depth of 10 inches can be con-

several inches from the test surface, a longer pulse will give better penetrating sidered relatively deep and the pulse length should be adjusted to give the best pene-

power. trating power at that ﬂepth.
Let us now go into the techniques used in transmitting ultrasonic sound beams into a . A short pulse provides only a few cycles of sound energy transmitted by the trans-
test specimen. ducer. There xs less ultrasonic power in this pulse than one where there are more
First, what is straight beam testing? As the name implies, the ultrasonic beam is cycles of energy transmitted by the transducer. Therefore, totest at a depth of 10
caused to enter the test specimen at a 90° angle to the test surface by placing the inches, the test instrument should be adjusted to give a long pulse.
transducer in a plane parallel to the test surface. The following illustration shows
transmission of a signal into a test specimen, reflection from a discontinuity, and - : Turn to page 2-32.

display on an A-scan device.

DISCONTINUITY

a1/ /
3 /20 i /
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-REFLECTION

BACK (
REFLECTION .
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4. REFLECTION FROM BACK SURFACE RETURNS

Are longitudinal or shear waves produced in the test specimen in the above illustration? : N
Shear waves ............ wievess... Page2-34

Longitudinal WAVES. . .o vvu v ve e Page 2-35 i
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It looks like you have forgotten the difference between longitudinal and shear waves.

In longitudinal waves, the particle motion is in the dircetion of sound wave travel.

That is the type wave produced in a test specimen when the sound beam is directed at
right angles to the test surface. Shear waves are normally produced only by refraction
when the sound beam travels at an angle from a medium of one velocity to a medium of

a dif_ferent velocity.

Turn to page 2-35,
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Correct. Longitudinal waves only are produced in the test specimen. The beam is
being transmitted info the specimen at right angles to the test surface and there is no

refraction at the interface to produce shear waves,

In angle beam testing, the sound beam is transmitted into the test specimen at an angle
to the test surface. To accomplish this, the transducer is placed behind a wedge of
material, usually Lucite, so that the sound will be introduced at an angle. The other

edge of the wedge is placed on the test surface as shown below,

| TEST SPECIMEN

)

EFFECT SOUND ANGLE IN SPECIMEN (REFRACTED ANGLE)

The angle of incidence of the sound beam at the surface of the test specimen is
determined by the fixed angle of the Lucite wedge. Which of the following character-

istics determines the angle of the sound beam in the test specimen?

Acoustic impedance .. ... B s e NG R e F L S W s w e .... Page?2-36
Velocity of sound . . .. . : e s s v v e s e s e e e e e e e e e a Page 2-37
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Your selection is incorrect. "Acoustic impedance” is the product of longitudinal wave
velocity in the material and its density. Recall what you learned about velocities in
Volume 1. The angle of the sound beam in the test specimen is determined by the

velocity of sound in that particular material as comparcd to the velocity of sound in

the Lucite wedge.

Turn to page 2-37.

From page 2-35 2-37

Correct.  You remembered the angle of the sound beam in a test specimen is deter-
mined by the relationship of the velocity of sound in the test specimen and the velocity

of sound in the Lucite wedge ~ "Snell's Law".

You learned in Volume T that a refracted longitudinal wave and a shear wave component
will be produced when the angle of incidence of the entering sound beam is other than
0°, or perpendicular to the surface (normal). As the iﬁcident angle increases, refrac-
tion of the longitudinal wave increases until there comes a point where total reflection
of this wave oceurs (refraction exceeds 90°) and all that is left is a shear wave. You'll

recall this is the 1st critical angle of incidence (pg).

INCIDENT BEAM (V1) SN,y SN,
VI v,
BEAM
MEDIUM 1
WMEDIUM 2 R

In practice, the effective angle in the test specimen is usually the critical factor. A
wedge should be selected that will prbduce a certain angle based on the velocity of
sound in the wedge and the test specimen. There can be either shear or longitudinal
waves in the test specimen, so the actual type desired must be known. With the 3
known factors (1) the desired angle in the test specimen, (2) the velocity in the wedge,

and (3) velocity in the material, it is easy to calculate the reguired wedge angle.

Will the amount of refraction in the test specimen be greater or less as the relative

velocities in the wedge and test specimen become more nearly equal?

Greater
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Your answer is not correct. The relationships stated in Sncll's Law apply in this case.
If you rearrange the basic formula you find that the sine of the angle of refraction is ’
equal to the velocity of sound in the second medium {test specimen) times the sine of
the angle of incidence (wedgc angle) divided by the velocity of sound in the wedge asr
follows: ‘
in oy - Y250 %1

Vi

This relationship indicates that the nearer the velocities are to the same value, the
more nearly the sines of the 2 angles will be equal. Thus, the angle of refraction in
the test specimen will be less, On the other hand, if there is a wide difference between

the velocities in the 2 mediums, the angle of refraction will be greater.

Turn to page 2-39.

oy
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That's right. The angle of refraction becomes less as the relative veloeities of sound
in the wedge and test specimen become more nearly equal. This is shown by rearrange-
ment of the basic Snell's Law formula as follows:

V‘Z sin ?y

-sing, = ———
2
V1
The angle of refraction is directly proportional to the ratio of velocity of sound in the
test specimen to the velocity in the wedge. As this ratio approaches 1, the sines of

the 2 angles, and therefore the size of the angles, become more nearly equal.

The following table shows the velocity of sound and resultant wavelength of longitudinal

waves in some of the more common materials.

VELOCITY | WAVELENGTH AT FREQUENCIES AT
MATERIAL 1S PER SEC 1MC 2-1/4Q|:c m?i«c -
ALUMINUM 245,000 0.245 N, 0.109 . 0.049 .
STEEL 229,000 .229 .102 .046
NICKEL 219,000 .219 097 .044
MAGNESIUM | 210,000 210 093 042
COPPER 182,000 .182 .081 .036
BRASS 174,000 174 077 035
LEAD 84,000 .084 037 017
GLASS . 205,000 .205 091 041
LUCITE 105,000 .105 .047 021
WATER 57,000 057 025 011
AR 13,900 014 006 003

Using the above table and your knowledge of Snell's Law, determine which test speci-

men will provide the greatest angle of refraction, aluminum or copper, assuming a

constant Lucite wedge angle of 30°.
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Did you gucss on this one? You either guessed or failed (o substitute the proper values
in the cquation. We aren't interested in the size of the angle of refraction, therefore
you do not necd to refer to a trigonometry table. All that is necded here is to refer to

the table and obtain the constants that will give the ratio of sound velocity in the two

mediums.

The sound velocity in Lucite is 105, 000 inches per second which remains constant.

The velocity of sound in copper is 182, 000 inches per second, and in aluminum 245, 000
inches per second. The ratio of V, to V, in copper is 1. 73 and in aluminum is 2. 33.
This indicates that the sine of the angle of refraction is greater for aluminum than for,
copper, since this is determined by multiplying the ratio of velocities by the sine of

the angle of incidence, given as 30°.

In the question you were to determine which of the 2 specimens would provide the
greater angle of refraction. From the above analysis, you can see that the greater

angle will be provided by the aluminum specimen.

Turn to page 2-41.
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Excellent. You will have the largest angle of refraction in aluminim, since the velocity
of sound is greater in aluminum than copper, which gives a larger ratio when the values

are applied to the formula for Snell's Law.

Longitudinal waves will ordinarily be produced in the wedge, but it is possible to have
either longitudinal or shear waves in the test specimen. Both may be present at the

same time, depending upon the angle of the wedge.

The following chart shows the relative effective angle for both longitudinal and shear
waves in a steel specimen for given wedge angles in Lucite. It also shows that the 2

modes will exist in different amplitudes depending on the wedge angle and other factors.
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ANGLE OF TRANSDUCER WEDGE BLOCK (DEGREES) IN LUCITE

When choosing a wedge, it is desirable to avoid angles that produce both longitudinal
and shear waves at the same time and at similar intensities. Imagine the difficulty in
trying to interpret indications that would appear on the CRT screen when 2 waves

are traveling through the test specimen at different velocities and at different angles.
The problem of trying to determine which wave is providing a reflection from a par-
ticular discontinuity would be almost impossible to solve. Let us lock at a practical

example of the problems you might encounter.

Turn to page 2-42,

| SHGERIIN )
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Assume that you want a 45° anglc: in‘ the test specimen (steel) and have decided that a
45° longitudinal wave is to be generated. Reference to the chart (page 2-41) shows
that if you read up the left to 45° and across {o the longitudinal mode curve you find
that a wedge angle of 20° is required. Note also in reading up from the 20°mark on
the lower edge of the chart that a shear wave exists at the same time at an angle of
about 25° from the normal, The upper part of the chart shows that the intensity of
the shear wave will be approximately 40% that of the longitudinal wave, This will

not provide satisfactory results since you receive reflections from both wave modes.

. For a 45° angle in the test specimen it will be more saﬁsfactory to select a wedge
angle of 36° and produce a 45° shear wave. At this wedge angle there will be no longi-

tudinal wave as shown by the chart.

For practical pufposes, if the angle in the test specimen is to be less than about 40°,
you will use longitudinal waves since the shear waves will be weak and create no
problems. If the angle in the test specimen is to be greater than 45°, shear waves
éhould be used. As stated above, at these angles the longitudinal mode is not present

and there is no confusion.

- Assume you have a Lucite wedge with an angle of 45°. Referring to the chart on pége

2-41,. what will be the angle of the shear wave in the test specimen?

T e woy ey wie wie wim e gl o we v b Page 2-43
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Very good. By reading the chart you very readily can determine that a,45° wedge
angle will produce a 57° angle in the shear mode in a sieel test specimen,

Typical applications of shear waves in ultrasonic testing are . . .

® Inspection of welds,
e Inspection of plate,

® Inspection of pipe and tubing.

Now, let's see what happens as the wedge angle is increased further beyond the first

critical angle.

The angular relationships of the incident and refracted beams is shown in the following

illustration:

INCIDENT BEAM (V1) ¢1°! SN, s,

- =
\vd)l ! ! :
N H REFLECTED BEAM

MEDIUM 1
MEDIUM 2

You'll recall }rom Volume I that as the wedge angle is increased further to the point
that ¢, (shear wave) is equal to 90°, we have what is known as the second eritical
angle and no shear wave energy enters the test specimen. A component of sound
energy still exists parallel to the interface however and this component of energy

is known as "surface waves", also known as "Rayleigh waves".

Refer back to the illustration on page 2-41. Which of the following wedge angles will

produce surface waves of the greatest amplitude in stecl?
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Your selection is incorrect which indicates you did not read the chart correctly. Refer
again to the chart on page 2-41. Read across the bottom of the lower chart to where a
45° wedge angle is indicaled as stated in the question. Now read up unii} you come to
the shear mode curve. Read across to the vertical line at the left where the angles in
the tést specimen are indicated. This is shown to be between 50° and 60°, or very

nearly 57°, rather than 63° as you selected.

Turn to page 2-43.

PamN
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Very good.. A wedge angle of 63° will produce surface waves of greater amplitude

in steel than will a wedge angle of 65°,

A surface wave penetrates the test surfnce to a depth of only about one wavelength and
is therefore only adaptable for detection of surface or near-surface discontinuities.

Since the wave travels on the surface it will be damped by a liquid so it is only adapta-

ble for contact testing.

A unique feature of surface waves is that they will follow the contour of a test specimen
around radii, fillets, and other irregular features provided the conlours are large in

comparison to the wavelength of the sound wave, as shown in the following illustration..

TRANSDUCER

- {

DISCONTINUITY
WEDGE

I
o f

SSTEST SPECHMEN

Typical applications for the use of surface waves are . . .

#» Inspection of surfaces of test specimens for cracks caused by fatigue, heat

treating, ete.
® Detection of tool marks or other stress risers not visible to the eye.

Suppose you are testing a specimen with a test surface having a sharp 90° angle.

What effect will the angle have on the surface wave?

Noeffect. .. ....... G R R R R Rk R R R R W R R R R AR RSN Page 2-47
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It looks as if vou guessed on this one.  Refcrence {o the chart indicates the amplitude
of surface waves is greater at wedge angles between 63° and 64°. Tn this case your

selection should have been 63° for a practical value.

Look at the chart again to see the relationship of the point where the shear mode ceases

to exist and the surface wave mode is effective with relation to the angle of the wedge.

Turn to page 2-45.

ot b o

From page 2-45 ) 2-47

Your answer i$ not correct. A surfice wave will go around a contour that is long with
respect to one wavelength, but a sharp 90° angle is too short with respect to a wave-
length. The result will be reflection of the sound wave. The thing to keep in mind is

it's the radius around a turn that makes the difference between a wave following a

-contour or being reflected. Unless the ultrasonic operator correctly interprets the

reasons for a reflection, it may be incorrectly assumed that the indication of the CRT

shows a crack on the test surface, or immediately beneath the surface.

Turn to page 2-48.
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That's right. A sharp 90° angle on a test surface will causc reflection of a surface

wave since this angle will be short with respeet to one wavelength of the sound energy.

When the material to be tested is very thin, one surface wavelength or less, a special
type of wave mode can exist in the sheet. You'll recall this is a "blate wave' or

"Lamb wave" and is produced by angular incidence of the sound beam and mode con-

version at the interface.

Plate waves do not have a single velocity in one material as with the other wave modes.
There is a whole family of plate waves, any one of which, or combinations, may exist
depending on the 5 factors of (1) frequeng.y, (2) thickness of the sheet, (3) sound velocity
in the wedge, (4) incident angle of the wedge, and (5) type of material. The relationship
of these facto;'s is shown in the following illustration. It can be seen that by changing

one or more of these factors, it is possible to produce conditions where plate waves of

various velocities will, or will not, propagate.
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Turn to page 2-49.
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The same general rules that are used for other wave modes arc used in interpretation
of reflections when using plate waves. Sound is transmitted into the test specimen by
a transducer and is reflected by a discontinuily or corner of the specimen. The reflec-

tion appears on the CRT in the normal manner.

The choice of a particular plate wave is not critical. The main probiem is to cause
sound energy to propagate through the specimen and reflect back from a discontinuity.
In many practikcal cases, a transducer that is designed to produce shear or surface
waves in a larger or heavier test specimen will pr‘ocjuce. plate waves in relatively thin

materials.

Plate waves arc extremely useful in detecting laminations in thin materials, The
lamination appears as a change in thickness to the wave and a portion will be reflected
back for display on the CRT. Another application is detecting lack of bond in thin

laminar constructions, such as multiple sheets that are cemented or brazed together.

Is the following statement true or false? The propagation of plate (Lamb) waves is

not dependent on the material propertics of the test specimen.,
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You seem to have forgotten the factors that determine the existence of plate waves.
Plate waves are dependerit on 5 factors: (1) frequency, (2) thickness of tcs't specimen,
(3) velocity of sound in the wedge, (4) incident angle of the wedge, and (5) type of
material. Now you can see from a review of these factors that r;-mterial properties of

the test specimen are one of the determining factors in the generation of plate waves.

Turn to page 2-51,
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Correct. The propagation of plate (Lamb) waves is dependent on the material proper-
ties of the test specimen among other factors. These include frequency, thickness of

the specimen, angle of incidence of the wedge, and sound velocity in the wedge.

Let us now consider the use of 2 transducers in contact testing. Throughout these
first chapters there have been references to the use of 2 transducers, principally in »
the discussions of through transmission testing. Although not extensively used in
practical testing applications, there are certain applications where 2 transducers

will provide more satisfactory test results in pulse-echo testing.

You learned that the through transmission system operates on the principle of trans-
mitting sound waves through a test specimen with one transducer and receiving on a
second transducer, a discontinuity being indicated by a reduction in the magnitude

of sound energy available at the receiving transducer. In 2-transducer pulse-echo
testing, sound waves are transmitted by a transmitting transducer and discontinuity

reflections are picked up at a receiving transducer,

Turn to page 2-52,
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Transducer combinations in 2-transducer testing systems may be classified into 2

groups as follows:

e Combined transmit-receive search units with 2 transducers mounted in a

single housing and acoustically insulated from each other. Each transducer

is connected separately to the transmitter and receiver-amplifier units. 'This

combination is illustrated in View A below.-

Separate transmitting and receiving transducers with separate electrical

connections to the transmitter and receiver-amplifier units. This principle
is illustrated in View B,
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wepge  RECEIVER
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\ 3 /
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VIEW A VIEW B

Turn to page 2-53.
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The principle of 2-transducer pulse-ccho testing is illustrated below with a typical
view of the indication received on the CRT screen. Note that there is no large pulse
corresponding to the front surface of the test specimen such as is obtained when using
one transducer. This is the most import:mé difference between single- and 2-trans-
ducer pulse-echo systems. A singie transducer used for both transmitting and
receiving cannot detect discontinuities watil its function as a transmitter is complete,
which results in a zone near the surface the instrument cannot "sec™. A 2-transducer
system can detect discontinuities' before the transmission of the pulse is complete
since there is no direct linkage between the transmitting ‘transducer and amplifier

in the test instrument. Also the amplifier is not saturated by the transmitted pulse

as in single-transducer systems.

TRANSMITTING RECEIVING
TRANSDUCER TRANSDUCER TRANSMITTED PULSE
= < DISCONTINUITY
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\ 7
i \
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ULTRASONIC BEAM REFLECTED AWAY FROM
TRANSDUCER BY A SURFACE HOT PARALLEL
TO ENTRANT SURFACE.

Would you say that a 2-transducer pulse-echo system is more sensitive to the

detection of more discontinuities than 2 single-transducer system?
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You're not correct. A 2-transducer pulse-echo system is more sensitive to the ‘ That's right. A 2-transducer pulse-echo system is not more sensitive {o the detection

detection of discontinuities closé to the surface of the test specimen only. For all of all discontinuities. It is more sensitive only in detecting discontinuities very near

practical purposes, scnsitivily is the same for both single- and 2-transducer pulse- to the surface, Sensitivily is about the same in the area of the specimen between the

echo testing in that portion of the test specimen between the areas normally occupied normal location of the front and back surface reflections.

by the front and back surface reflections. -
A special adaptation of contact testing is the transducer wheel of which a "variable

angle" version is shown below,
Turn to page 2-55.
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- You'll recall that transducer wheels were discussed in Volume II. In this test method
--—~-—the sound is propagated ﬁrough a liguid couplant while within the confines of the wheel
and, after entry into the test specimen, acts the same as waves produced in conven-
tional contact testing. The transducer wheel is the only version of contact testing that
can be adapted to automatic scanning and recording. And it is especially good for high

. . ‘ : ~ speed testing of welded steel tubing, steel sheet, and testing large contoured surfaces.

Turn to page 2-56.
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. Right. The statement is {rue, The transducer wheel can be used to produce sound
Some of the possible applications of transducer wheels are shown below, i ——t
waves in any of the modes of propagation. This is done simply by varying the trans-

ducer incidence angle inside the tire and changing the test frequency when required.

: Before proceeding to the application of contact testing to the various materials and

@ processes that may be inspected, let's first review the more important points you
/ have learned in this chapter, -

N
PLATE y g SHEEY

Turn to page 2-59.
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Is the following statement true or false? The transducer wheel can be used to produce
sound waves in any of the modes of propagation.
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Your-answer is incorrect. By lurning to this page you have indicated you do not
think the transducer wheel can be used to produce longimdinal, shear, surface, and

plate waves.

Take another look at the variable angle transducer wheel shown on page 2-55. It shows
that the transducer angle of incidence can be readily changed. By positioning the trans-

ducer normal to the test surface, longitudinal waves can be produced. If we angulate

"the transducer with reference to the test surface, shear and surface waves can be

produced depending on the angle of incidence. And by varying the frequency in addition
to angulating the transducer, we can create plate waves. Therefore, the statement
is true that the transducer wheel can be used to produce sound waves in any of the

modes of propagation.

Turn to page 2-57.

2-59

From page 2-57

1. The selection of ultrasonic test equipment for contact testing depends a
largely on the test sit and test doc
5. heavy
6. A rough test surface will cause the sound beam to s
when testing is attempted at a high frequency.
10. angle beam
11. The ability of an ultrasonic testing system to detect discontinuities close to
. .
the test surface depends on pulse length and frequency, among other factors. '
A combination of pulse length and frequency will
give the best "near surface' discontinuity detection.
15. velocity
16. Both shear and longitudinal wave components are present to a significant

degree when using certain angles for angle beam testing. For practical

applications, the wave should be eliminated.
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situation, documentation

1.
2. The greatest disadvantage of contact testing is the difficulty in maintaining
uniform acoustical between the transducer and test specimen.
6. scatier
7. At a given ultrasonic test frequency, a transducer will
produce the least beam spread.
11. short, high
P
12. A test is to be made on a vertical surface. With a choice to be made between
oil and water with a wetting agent as couplant, is the best
-selection. [}
16. longitudinal
17. When the angle of refraction of the shear waves is equal to 90 degrees,

surface waves are produced. A unique feature of surface waves is that
they will follow the contour of a test specimen provided its contour is

large in comparison to the of the wave.

2, coupling
3. The substance that must be placed between the transducer and test surface
during contact testing is called a
7. large
8. Assume a test is being made on a 10-foot long specimen, Transducers are
available in 1/2- and 1-inch diameters., The transducer
would be sclected to give the best penetrating power at the test frequency
of 2. 25 me. [>
12, oil
13. Any mode of wave propagation can be produced when using a t S
W or a variable angle
17. wavelength
18. Plate (Lamb) waves, which can be produced in very materials,
are extremely useful in detecting 1 _ and of

bond,

4
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3. couplant ’
i 4. low
4. A test specimen with a coarse-grained internal structure will require ]
selection of a _ frequency for testing. ' . 5. When testing a specimen with a rough surface, a (heavy)

{light} oil should be used as a couplant.

[> . <j Return to page 2-59,

frame 6.
8. 1-inch ’ ' ' *
9. long

9. Pulse length in ultrasonic test instruments is variable. When a test is to 10. Plastic wedge transducers are used in

be conducted on a thick specimen, a ________ pulse will give the best testing.

results. ‘ A

'} <] Return to page 2-59,
. frame 11,

13. transducer wheel,
14, _ longitudinal

~transducer . c o
b ¥
.14, In straight beam testing, the wave mode is 1 .

. T . o ® $ . . ... .} 15 Tnangle beam testing, the angle of incidence at the surface of the test specimen

is determined by the angle of the Lucite wedge., The y of

v {} sound in the test specimen is another factor that helps to determine the angle
that the sound will travel in the specimen, Return to page 2-59,
" ) frame 16,
18, - thin, laminations, ’ . " ’
lack 19. two
19. Contact testing can be accomplished using either one or two transducers. -

To detect discontinuities close to the surface of the test specimen, 2 20. Turn to page 3-1 for a continuation of your study of contact testing.

~-transducer setup is the best.




CHAPTER 3 — APPLICATION OT CONTACT TESTING 3-1

Let us now consider the application of contact testing to materials of varying shapes,
sizes, composition, and internal structure. The first application will be the testing

of castings.

The lower range of test frequencies is generally used to test castings due to the coarse-
grained internal structure. Many of the very coarse-grained castings are not practical
to test ultrasonically due to extreme scattering of the sound beam by the grain struc-

ture. Examples are alloys of brass, stainless steel, titanium, and cast iron.

In most tests, when the back surface echo is visible, there will be several heavily
damped stray echoes immediately following the front surface echo that are due to the

internal structure.

If you have a choice of a 1. 0- and 2. 25-megacycle transducer for testing a casting,

which would be the most practical to select?

N

From page 3-1 3.9

The selection of 2,25 me in preference to 1, 0 me for testing

a casting is not the best

of the 2 choices available. The large grain structure inherent in most caétings dictates

that the lowest frequency be used to reduce disturbing echoes from the coarse grains,

A frequency of 1.0 mc will provide better penetrating power and better evaluation of

actual discontinuities than if a higher frequency is selected,

Turn to page 3-3.



From page 5-1- 3.3

That is correct. The best _reéults will be obtained if a 1. 0 me transducer is used to

test a casting in comparison to those that would be obtained from using a 2.25 mc

transducer.

Most forgings of uniform size and shape are good objects for ultrasonic testing. This
applics to most of the metals and alloys. Testing of forgings is normally accomplished
at frequencies of 1,0 to 5. 0 mc wilh the sound beam normal to the surface and at 90°

to the direction of maximum working. Discontinuilies are usually flattened out and

parallel to the test surface, thus presenting the best orientation for reflecting the sound

beam.

Discontinuities that may be detected in forgings are nonmetallic inclusions, seams,

forging bursts, cracks, and flaking. Typical indications are illustrated below.

INITIAL PULSE BACK REFLECTION .
DISCONTINUITY s
X X1 Xl X1

<
« °

-~
-

NONMETALLIC SEAM CRACK FLAKING
INCLUSION

In which direction should the inspection be made in order that you will be most likely i

to detect discontinuities in a forging?
Parallel to direction of metal flow during working« » » + + -+« ».«..... Page 3-4

Transverse {at right angle) to direction of metal flow during working - . . - Page 3-5

From page 3-3 a4

Incorrect. If the beam is transmitted into the specimen in the direction of metal
flow during working you won't be able to obtain many reflections from discontinuitics
since the discontinuities are most likely to be oriented in the direction of metal

flow during working. It would be much better to test the specimen at right angles

to the direction of metal {low during working.

. Turn to page 3-5.
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Correct,  You will be most likely to deteet discontinuities in a forging if the inspection
is made at right angles to the direction of metal flow during working, Working will -
orient discontinuitics in this divection in the same manner that the grain of the

metal is oriented in this direction,

The problems of testing bar stock are similar to those encountered in tests of forgings.

If an ingot, similar to the forging previously discussed, is rolled or streiched into a
long configuration, round, square, or octagonal, it is now classed as bar stock.
Shrinkage, inclusions, or porosity are now changed into seams, laps, centerline pip-

ing, or some other form of elongated defect as shown in the following illustration.

SURFACE CRACK

NON-METALLIC STRINGER

CENTERLINE STRINGER

CUPPING

A bar may be tested from the end so the sound beam is transmitted through its length.
If access to both ends is possible, it should be tested from both ends. This will allow
use of lower gait;a settings on thé test instrument and use of markers will enable
accurate determination of location of discontinuities, (If_ a good back reflection can be
obtained by sending the sound beam through the entire length with no significant dis-
continuity indications, the bar can be considered free of gross discontinuities, There
“is not likely to be seriously elongafed piping or seams present in the specimen if a

strong back reflection is obtained,

Will an end-to-end test of a 10-foot bar that results in a large back reflection and no

large discontinuity indications mean the bar has no discontinuities?

¥rom page 3-5 3-6

That's right. An end-to-end test that results in a large back reflection with no large
discontinuity indications does not mean the bar is completely free of discontinuities.-
There may be discontinuities oriented parallel to the length of the bar that are not

detected by this method. Whether or not additional testing is reguired will depend on

the requirements of the test,

Further testing of bar stock can be made by the diametrical method. In this method

‘fhe transducer is applied to the side of the bar so that the sound is transmitted

through-and reflected by the opposite side. Depending on the diameter of the bar,
this method may not be very efficient in transmitting sound into the bar due to the
lack of sufficient contact surface between the transducer and entry surface. The
coupling of sound from the transducer to the entry surface of the bar may be improved

by using a curved shoe that is contoured to the radius of the bar as shown below.

A compromise when complete diametrical testing is not practical is to scan the bar
diametrically from 2 or 4 sides, approximately 90° apart, around the diameter along

the lengih of the bar. Any elongated piping, seams, or elongated porosity can be easily
located using this method.

TRANSDUCER
<
— CURVED SHOE
£l
BAR

The idealized illustration above shows the sound beam entering the bar as longitudinal

waves. Under actual test conditions, what wave modes will be present in the bar?
Longitudinal waves. ... .. .

Longitudinal and shear waves



From phgc 3-5 ‘ 3.7

Your analysis in this case is not correet. End testing resulting in a strong back reﬂe;:-
“tion and no large discontinuity indications will indicate merely that there are no large
discontinuitics. There may be small disconiinuities, oriented parallel to the direction
the sound beam, thai arc not detected. Depending upon the test requirements and the
ultimate use of the specimen, the discontinuities that cannot be detected by end testing

may be sufficiently large to cause rejection of the specimen if the test is made trans-

verse to the length of the bar.

Turn to page 3-6. T

18

From page 36 ' 3-8

Don't be fooled by the illustration which shows most of the sound entering straight into
the specimen. Actually the curved surface of the bar will create a varying angle of

incidence across the width of the sound beam that will cause refraction to varying

_degrees. The refracted beams will have both longitudinal and ghear components.

" This should have been your selection of a correct answer,

Turn to page 3-9.
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Excellent,  You correctly determined that the curved surface of the bar will cause
varying angles of incidence across the width of the sound beam, resulting in refraction

within the specimen and production of both longitudinal and shear waves,

Rolled sheet and plate materials may be tested with either a straight beam or angle beam.

Straight beam testing has the advantages of being able to pick up signals from lamina-
tions readily, discontinuities can be pinpointed quickly and accurately, and outlines or
limits of discontinuities can be easily and accurately determined, Straight beam test-
ing, however, cannot be used on a sheet that is too thin to allow the first back reflection
to clear the initial pulse. Another disadvantage is that straight beam testing is very tir‘ne

consuming if IOG%Vtesting is required.

When the plate is sufficiently thick that the first back reflection is distinct from the
initial pulse on the CRT, a multiple reflection pattern as shown in View A, below, is
displayed on the CRT. A reduction in the multiple reflection pattern as shown in View B
indicates the presence of discontinuities. View A assumes a plate with no discontinui-
ties and the distance between each pulse is the sheet thickness. Note that in View B the
horizontal distance between pulses is less than in View A due to reflection from a

lamination.

ot

VIEW A VIEW B

If & 100% test is to be made of a sheet of steel 5' x 5", would it be more practical to

select a straight or angle beam technique?
Straightbeam ............. s s e s s s e s m e o o8 Page 3-10

Anglebeam ........... § T RS G S O SR P N g A e Page 3-11

From page 3-9 3-10

It will be possible to complete a 100% testing of a sheet of steel of the dimensions
given using a straight beam technique but it won't be very practical due to the large
amount of time required. Consider the number of different test points that would be
required to get the job done. Wouldn't it be better to use a technique that will allow a
much larger area to be tested at one time? Of course; the answer is to use an angle

beam technique.

Turn to page 3-11.
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Corrcet. An angle beam technique is the only way to go if you want to get the job

done in a reasonable time and with best results.

The advantage of angle beam testing is that it is a very fast method of inspecting plate
material. It is sometimes possible to inspect an entire plate in a few minutes by
angling the sound across to the opposite si(ie of the plate from one edge as shown in

the following illustration. Most types of discontinuities that will be found in plates can
be located in this manner. Little trouble should be experienced in locating or detecting

rough laminations, laps, flaking, and inclusions,

TRANSDUCER PLATE

A disadvantage of angle beam testing with shear wave techniques is that smooth lami-
nations parallel to the surface are difficult to detect. As the sound wave bounces across
- — --the plate between the top and bottom, it is difficult to detect the difference between a

signal from the top of the plate and a Jamination near the top.

.-~ —Should an ultrasonic test of a plate by angle beam techniques be attempted with no
knowledge of the generél acceptability of the plate, or should some method of gross

checking for discontinuities be accomplished first?

Angle beam test. . .

Gross check ...

PSR

i
i
i

g

From page 3-11 e

Your answer is not the best sclection, Before going to the trouble of setting up and
scanning the plate by angle beam teehniques it would be best to do a gross check to
determine if the plate has large discontinuities that are sufficient to cause immediate
rejection of the plate. If a large number of sheets are to be tésted, considerable time

can be saved by using this method.

Turn to page 3-13.
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You're right.  Why waste time setting up and scanning a plate with an angle beam if the
plate contains large disconlimﬁﬁes that make it obviously unacceptable. Gross discon-
tinuities can be detected rapidly by a sampling of straight beam tesis., If these tesis are

‘satisfactory, then the operator can proceed with the angle beam test,

In setting up an angle beam test, let's assume that a plate 5' x 5' x 1/2" is to be tested.
The plate should first be divided into a vertical and horizontal grid with approximately
6" between grid lines. (Ii is not necessary to actually draw grid lines on the plate -
imaginary grid lines are sufficient). The plate should be spot checked in each of the

grid squares with a straight beam transducer. -This type of random sampling will give’

the operator an idea of the amount of laminations present in the plate. If any are found,

more detailed examination of the outline of the defcctive areas can be made at the time,
If the grid check doesn't show any gross laminations in the pléte, the angle beam trans-

ducer can then be used for a more thorough scanning of the entire plate area.
How are discontinuities in a rolled plate likely to be oriented?

Parallel to surface

From page 3-13 3-14

That's correct. Discontinuities in a rolled plate are more likely to be oriented
parallel to the surface rather than at an angle to the surface. This is due to working
the metal which oricnts the grain structure and discontinuities in the direction of

”

rolling.

Before using an angle beam transducer for inspection of the plate, it is necessary to
set up a reference notch so that the amplitude of the reflected sound from a known size
discontinuity will be known. Unless otherwise specified the notch should be either 3%

of the plate thickness, or 0. 005" deep. Locate and use the notch as follows:

1. Place the notch approximately 12" from one end of the test plate so that back
reflections from the edge of the plate will not interfere with interpretation of

signals from the reference notch.

2. ‘Using a suitable couplant, place the transducer approximately 4" from the
notch and adjust the gain of the instrument so that the signal from the notch is

full scale on the CRT screen,

3. Move the transducer back about 8" from the notch and note the amplitude of

the signal on the CRT. Mark the height with a grease pencil for future reference.

4. Repeat this operation at 1 ft., 2 ft. and 4 ft. from the notch. Reference
marks on the CRT indicate the amplifude of the reflected signal that may be
expected from the manufactured notch at any of several different distances

from the notch.

Assume you are testing a plate in accordance with an ultrasonic acceptance standard

" Would you normally expect to find the dimensions of the reference notch to be used

for comparison with discontinuities in the plate preseribed by the standard?

NOW oot vmas e vuain ere e seerrec e O P .. .. Page 3-15
OB . o e e wi b bR AL B R A R AN P LR R A E e e R S W R s e Page 3-17
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The ulirasonic test operator is expected to be capable of locating discontinuities in a
test specimen, compare themw with a certain prescribed standard, and, from this

comparison, make a determination if the specimen should or should not be rejected.

The use to which a specimen is to be put will, in most cases, determine the size and
number of discontinuities that ¢an be tolerated. The size of the reference notch and

distribution of discontinuities that are acceptable should be available to the operator

in the acceptance standard.

Turn to page 3-17.

®
3

3-16
From page 3-13

Your sclection was not correct. Discontinuitics are most likely to be oriented

parallel to the surface in a rolled plate.

A billet, as poured, has random grain structure with discontinuities scattered in a
random fashion. The rolling process will refine the grain structure and align the
grain in the direction of rolling. Discontinuities will likewise be aligned in the

direction of rolling which will make them parallel to the surface.

Turn to page 3-14.

~a
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That is right. You can normally expect that the acceptance standard for testing the

plate will specify the dimensions of the reference notch,

Scanning of the plate should be done by moving the transducer along each of the 4
edges of the plate. It may be done under certain conditions from 2 adjacent edges or
perhaps only one edge. However, it should normally be done from at least 2 adjacent
edges so that any defecls present will be scanned by the sound beam from 2 different
angles. Since there is a certain amount of "skip distance" in angle beam testing, it
is possible for the sound beam to go across the plate and not strike a discontinuity.

If the second sound beam approaches the discontinuity at 90° to the direction of the

beam from the other edge, the discontinuity is more likely to be detected.

A discontinuify indication that appears during scanning is easy to locate by either
usiné markers on the CRT_to measure the distancé or by moving the fingers along
the plate in front of the transducer toward the discontinuity. Movement of the {ingers
along the plate will cause a small signal on the CRT that will move in the direction
of the discontinuity. When directly over the discontinuity the signal will be damped.
Once the distance to the discontinuity is known it is a simple matter to move the

transducer to a point equal to one of the distances measured from the reference notch.

The amplitude of the signal from the discontinuity can then be compared with the signal

from the reference notch.

Discontinuity indicatioﬁs'that are equal to or greater than the amplitude of reflections
from the reference notch should be marked and, when scanning is complete, these
should be further evaluated by testing at different angles. It is possible the signal

amplitude may be greater at another angle than that obtained during scanning.

If you receive a stronger signal at one angle than another, does this mean an error

was made during scanning ?

Yes..... T P O g g R Page 3-18
Vo cusvisive i w N . ...... .. Page 3-19

"

From page 3-17 ' 3-18

Your selection is not correct. When scanning, the sound beam is subject to skipping
certain areas of the maierial as the sound beam bounces between the fop and bottom
surfaces in traveling across the plate. There are probably some discontinuities

that will not be "seen” by the sound beam at all and others that will not be struck by
the beam at such an angle that the reflected sound energy reflects the true size of the
defecl. Testing at various angles will determine whether the indication received
during the initial scan correctly detected the extent of the discontinuity. There
definitely was no error made in scanning; it is just one of the characteristics of

angle beam testing that must be understood.

Turn to page 3-19.
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Right. During.ini'tial scanning the sound beam may completely miss some discon-
tinuities and be only partially reflceted by others when the sound beam does not strike
them at an angle of 90°. It is for the first possibility that scamning should be done from
a second edge, and for the second possibility that it is necessary té examine the dis-

continuity at various angles to determine the extent and seriousness of the discontinuity,

The previous discussion of angle beam testing of plate materials has assumed that
_ discontinuities are located in the interior of the plate at such a depth that they could

be detected by the use of shear waves.

Suppose now that you want to determine if there are cracks on the surface or just
beneath the surface. You will use the same scanning techniques, and use the ref-
erence notch in the same manner as yéq did for shear waves. But this time you will
generate, s irface waves. And to generate su;:face waves you need an angle transducer
with a wéc;i\ge angle that lies beyond the second critical angle for generating shear waves

in that particular type of specimen.

In surface wave testing it is extremely important that the surface of the test specimen
be free of dirt, oil, and any excess couplant. You'll recall from Volume I that any of
these foreign elements will cause reflection of surface waves or dampcn them, and

the test will not be satisfactory.

Agsume you have the task of testing a rolled plate for surface defects. How many

surfaces should you have access to?
One surface. .. ......... N S Page 3-20

Two surfaces .......... S EGEE SR B R Page 3-21

From page 3-19 3-20

Have you forgotten the characteristics of surface waves? These travel only on the
surface and below the surface to a depth of about onc wavelength. This isn't very
deep when you consider that one surface wavelength is 0, 002" in both stecl and

aluminum at 5 mc.

It will be necessary to scan both of the surfaces to detect any surface discontinuities.

These are just as bad if they occur on the bottom as well as on the top of the plate.

Turn to page 3-21.
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From page 3-19

Correct. Of course you have to test both surfaces, Surface waves penetrate enly

to a depth of about one wavelength, One scan will only tell you if there are any sur-
: -

face discontinuitics on that one side. Then, you have to turn it over and test the

other side using the same techniques.

There is one more technique that may have to be used under certain conditions when
you are testing very thin materials using an angle beam. This .is the "plate wave"
technique. In materials with a thickness approximately equal to one-half wavelength
of the surface wave sound beam, it is not possible to generate shear or surface waves,
Hoﬁever, plate waves can be produced in these thin materials if any ultrasonic trans--

mission at all is possible.

It is often difficult to generate plate waves with the fixed angle transducers; therefore,
it is desirable to use an angle beam transducer that is variable so it can be adjusted to

the point that waves are generated in the test sheet.

To generate plate waves using a variable-angle transducer, you place the transducer
on the test specimen with sﬁitable couplant and adjust the incident angle of the sound
beam to the point fhat reflections are observed on the CRT screen. Then you scan the
sheet with the transducer set at this angle, Changing the angle of the transducer will
result in loss of indlcatlons on the CRT indicating that plate waves are no longer being

produced

Suppose you do not have a variable—angle transducer available, You do have several
fixed-angle transducers at various frequencies. Do you think it will be possible to

generate plate waves in the test plate?

From page 3-21 3-22

Excellent. It is quitc possible you will be able to generate plﬁte waves in a sheet

even though you do not have a variable-angle transducer available, If you have 2

variety of fixed-angle transducers at various freguencies available {o you, you most

) likely can find a combination that will result in generation of plate waves by experi-

mentation. If the selection of fixed angles and frequencies is limited, it is unlikely

that these waves can be produced,

Discontinuities in extrusions usually extend lengthwise in the specimen because of

elongation in the direction of extension. Straight beam techniques and interpretation -

f of discontinuity indications for solid specimens are the same as those given for bar
;
: stock,

; Where hollow extrusions are to be tested, it may be more ‘practical to use surface
i

; wave techniques as illustrated below.

TRANSDUCER

HOLLOW EXTRUSION

The sample shown is curved. It is possible with such a shape to get complete cover-

age of the specimen by scanning the length and then scanning transversely. The sur-

face waves will follow the curvature of the specimen and be reflected by the sharp edge

on the opposite side. Of course, this technique will only detect surface discontinuities.

Suppose the extrusion shown in the illustration is aluminum and you do not have an

You
- do have available an angle transducer that will allow you to produce shear waves,

angle transudcer that will allow you to produce surface waves in the specimen.

Can the same scanning techniques be used for shear waves as those shown for surface

waves?

O G e v s e
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v Very good. You can't use the same technique for shear wave scanning as used for
surface waves since shear waves will not follow the curvature of the test specimen.
The specimen can be tested using shear waves but it will be necessary to do additional
scanning to obtain ulf;rasonic coverage of both the upper and lower surfaces of this

hollow specimen.

Consider now the techniques to be used in testing pipe and tubing by ultrasonic means.
The illustration below shows what happens to a sound beam that strikes the surface at

an angle other than perpendicular. The réfracted sound beam is transmitted around

the wall of the tubular specimen.

SOUND BEAM
15 CURVED PLASTIC "SHOE"
TUBING

SOUND BEAK

LONGITUDINAL WAVE SHEAR WAVE

Sound propagates around the wall ixi a zigzag pattern as either longitudinal or shear
waves. Due to the undesirability of reflections from the shear component if longitu-
" dinal waves are used, most testing on specimens of tubular shape is accomplished

with shear waves,

What type of transducer would you select to conduct an ultrasonic test on a section of

pipe with an outside diameter of 6"?

Curved shoe, straight beam........... ... “eseensessss.. Page3-26
Curved shoe, angle beam ....... S Sl s WE WE B 6w e Ve w . . Page 3-27
SRR

"

From page 3-21 ’ 3-24

Your answer is not the best seleetion, It was stated that you have available a number
of fixed-angle transducers at various frequencies, The thickness of the sheet is a

fixed quantity as is the velocity of sound in the angle wedge. However, two of the

-variables that are a determining factor in generation of plate waves can be adjusted.

It will be necessary to experiment by selecting different angles and frequencies and
observe the CRT for an indication that sound waves are being generated. Your answer
should have been "yes" to the test question although in practical applications the range
of angles and transducer frequencies available to you may not give the correct com-

bination for generation of plate waves,

Turn to page 3-22,



From page 3-22 . : 3-25

Did you consider the behavior of shear waves when you made your sclection? Ap-
parently not, since you should recall that shear waves will not travel around a curved

surface such as is shown.

In the example shown, you will get reflections from the far edge of the specimen and

‘will only be able to test one surface at a time. - -

Depending on the thickness of the wall of the specimen, you may be able to test the
length of the specimen with shear v}aves. It will be necessary to test both the upper
and lower surfaces of the hollow spécimen with shear waves to get complete coverage.
The result is twice as much work to do the job with shéar waves, compared with the
effort required to test with surface waves, Whj twice? You will have to test length-
wise twice and crosswise twice, once each on the upper and Iower' énrfaces. For

these reasons your answer is wrong.

Turn to page 3-23.
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Your answer isn't the best one. A strajght beam transducer will not produce a wave
that will travel around the wall of the pipe. Due to the curvature of the test' surface,

a portion of the sound beam will sirike the surface at an angle and some refraction of
the beam will result, But, the main portion of the beam will enter the test surface pe!"w
pendicularly, travel to the opposite wall and be reflected back to the transducer, pro-
viding an ultrasonic test of only a small area of the pipe's circumference. It will be
more practical to use an angle beam transducer which will cause the sound to enter

the specimen at an angle and travel around the tube.

Turn to page 3-27,
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Right. An angle beam transducer will project sound inio the pipe wall at an angle and

the sound beam will travel around the circumference of the pipe in a zigzag manner.

There are certain disadvantages o use of contact testing methods for testing pipe and
tubing although this technique may be used to transmit shear waves around the cir—
cumference of pipe as _small as 1-3/4" outside diameter. There are lower limitations
to the diameter of pipe that can be tested by this technique as you will learn later,

but no practical limits on largeness.

In addition to the size limitations, there are serious limitations to the speed with

which the length of a specimen can be scanned using a curved contact shoe.

If you are selecting a material for constructing a contact shoe for use in testing a

pipe, which of the following materials will you select?

BAME AS PIPE o v v v v e e e e, Page 3-28

Same as angle wedge Pag03—29

!
|
i
i
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I won't work. Think now what will happen if you try to use a contact shoe thai is the
sume material as the pipe. You will get a false entry surface indication when the

sound beam travels from the Lucite angle to the contact shoe,

The sound will undergo relraction when passing into the second medium, even before
it enters the wall of the pipe. Results will be anything but satisfactory. You also will
receive a reflection from the interface between the contact shoe and pipe surface - not
complete reflection due to the presence of a good couplant (supposedly), but with all
these spurious reflections, it will be difficult to identify any reflections from dis-

continuities. Use a Lucite shoe - the same material as the angle wedge and avoid

these difficulties.

Turn to page 3-29,
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Correct. The contact shoe should be made of the same material as the angle wedge

used to produce the angle beam,

Assume now a practical application of testing a steel pipe 6" in diameter with a 3/4"
wall. Use of the contact method utilizing shear wave techniques is assumed with a

test frequency of 1.0 me,

Very little cleaning of the outside surface of the pipe is necessary. The main require-
ment is that it be free of loose material. Once cleaned, you apply a couplant of SAE 40

oil, or equivalent viscosity.

A 45° a.i)gle beam transducer with a Lucite contact shoe, cut to fit the contour of the
pipe, is used to propagate shear waves which are directed around the circumference

of the pipe as shown in View A, below. The shear waves bounce off the outer and inner
surfaces of the pipe wall as they travel around the circumference. The waves travel
completely around the pipe and pass under the transducer where they are picked up

and displayed on the CRT as shown in View B,

REVOLUTION INDICATION  MARKERS

INITIAL-PULSE

VIEW A VIEW B

Turn to page 3-30,
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The position of the indication received on the CRT after the sound wave travels
around the pipe will remain constant, regardless of movement of the transducer
around the outer surface of the pipe. This pip on the CRT represents 360° of sound
iravel and is called the "revolution indication". For measurement purposes though

it is referred to as being 180° rather than 360° around the circumference of the pipe.

Why ? This is brought about by the fact that there is no end to the sound path in this
circular specimen, therefore no end reflection. Sound continues to travel around
the pipe until completely attenuated. Suppose now that a notch is cut in the pipe
directly opposite the position of the transducer as shown in the below illustration.
The reflection from this notch will coincide with the revolution indicatn;n previously

displayed since the reflected sound wave is still traveling a total of 360°,

SOUND TRAVELS TO NOTCH
180° AND RETURNS TO SOURCE.
THE DISTANCE COVERED IS
EQUAL 70 ONE COMPLETE
REVOLUTION,

IHDICATION FROM NOTCH
\“..

INDICATION FROM

NOTCH COINCIDES
WITH REVOLUV
INDICATION. i -

NOTCH

Assume a shear wave is being transmitted into a pipe in a clockwise direction. A
discontinuity exists at a point 220° around the circumference from the point of entry
of the sound beam, Will this discontinuity indication appear to the left or right of

the revolution indication?

Left S P P VI Page 3-31
Right ....... . as pe v e N R RR G Y A S o B I W 0 e Page 3-32
SEADTR B
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Tilt. You missed on this one. Remember that even though the revolution indication
represents 360° of sound travel around the circumference, it also represents the
distance the beam travels to a 180" discontinuity and return. Now if a discontinuity
exists at 220° with respect to the transducer, the sound will travel 220° to the dis-
continuity and 220° in returning to the transducer or 440° total. The indication will

therefore be to the right of the revolution indication (360°).

Turn to page 3-32.

v/\-
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Excellent. The sound travels 360° around the pipe to produce a revolution indication,
but for measurement purposes the revolution indication is considered to be at 180°

with respecet to the location of the transducer.

Indications from discontinuities that exist less than 180° from the transducer will
appear to the left of the revolution indication as shown in the below illustration.

Discontinuities that exist more than 180° from the transducer will appear to the right

of the revolution indication.

REVOLUTION
INDICATION

INITIAL PULSE \

140° —

180° 220"

Turn to page 3-33.

e



From page 3-32 . 3-33 From page 3-43 3-34

“Reference standards for pipe and tubing are not available as a commercial item, What sort of artificial discontinuity reference indication would you receive under

Therefore, it is necessary to prepare a standard for comparison with the actual these condilions? low can you determine if your indication is from the inner or

discontinuity. This standard usually consists of reference notches, longitudinally outer surface notch? You can't. You're likely to receive an indication that is a

machined into a sample of the test specimen of the same ultrasonic qualities. A notch combination of the reflections from each of the notches, 1t is preferable to place

is placed in both the inside and outside diameters of the pipe or tube. Unless otherwise

specifieci, each notch should be approximately 1-1/2 inches long and a depth that approx-
‘ imates 3 to 5% of the wall thickness,

one noich at each end of a refercnce sample. If, for some reason or other it is

necessary to place both notches at the same end of a reference sample, separate

X them by 180°,

The transducer is placed on the reference specimen and reflections obtained from

each of the artificial discontinuities at 90°, 180°, and 270°. You then mark the amp-. Turn to page 3-35.
litude of the indications from the varying distances on the face of the CRT with a

grease pencil.

During testing,‘ discontinuity indication amplitude should be compared with the
amplitude received from the artificial discontinuities at the indicated distance around

the circumference of the specimen.

Is the following statement true or false? The inner and outer reference notches in

a sample piece of pipe should be cut at the same location on the circumference of the

pipe. °
TTTUE o mivoie o oo s 3o win mi's w5 0w ol £15 Bia é B S0 EE R S 5E BE e Page 3-34 .
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From page 3-33 ' 3-35

That's right. The refercnce notches on the imner and outer diameters of the reference
samples should not be cut at the same location on the circumference of the pipe. They
need to be separated so that separate and distinct artificial discontinuity indications can
be received for reference purpose.s. It is preferable that the inner and outer diameter
reference notches be placed at opposite ends of a reference ..sample_ If it is necessary

that the two notches he placed on the same end of a sample, they should be separated
by 180°.

So far in the study of ultrasonic techniques for testing of materials of various types, ’
sizes, structure, and shape we have considered how we may go about testing castings, "
forgings, rolled sheet and plate, and pipe and tubing. There is a lot of application com-

ing up on finding discontinuities in welds - but first let's have another short review.

Turn to page 3-36,

3-36

From page 3-35

1. Given a cholce of a 1.0 or 2. 25 mc transducer for testing a casting, the most
practical selection is the me transducer,
5. angle
6. Discontinuities in rolled plate are likely to be oriented ) to the
surface,
10, straight
11, An transducer should be selected
to conduct an ulirasonic test on a section of 6" pipe.
15, marker
16. Standards are prepared for pipe and tubing by machining reference

on the inside and outside diameters of a sample of either the test specimen

or other specimen of the same ultrasonic qualities, O




-y
-

3-37

3-38

2. parallel -

3. Intesting har stock from the end, discontinuities can still exist in the bar
and not cause reflections if they are oriented to the length of

the bar.

D

7. reference notch

8. A plate should be scanned from at least adjacent edges

to reduce the effect of "skip distance" overlooking some discontinuities,

N

12, second critical angle

-

13, With a transducer in a fixed position during ultrasonic testing of a pipe, some
___discontinuities may be overlooked by the sound beam as it travels around the

pipe's circumference due to skip distance. This can be overcome by.

the pipe from end to end. [>

1. L0
2. Knowledge of probable orientation of discontinuities in test specimens is
important to the ultrasonic operator. Discontinuities in forgings are likely
to be oriented p ] to the direction of working, [>
6. parallel
7. When testing plate materials, the discontinuities are sometimes compared with
reflections received from a r n of
given dimensions called out in the acceptance standard. [>
11. angle beam
12, For generating surface waves, the ultrasonic operator needs an,angfe beam
transducer with a wedge angle that lies beyond the
16. notches
17, Turn to page 3-41,




w
% SIS, .-

3. parallel

4, In a diametrical inspection of bar stock, sound transmission can be improv

using a transducer having a ¢ s that fits the

radius of the bar,

9. The best transducer to select for generation of plate waves in a thin plate '

one that hasa v angle,

13. scanning

14, Assume a shear wave is being transmitted into a pipe in a clockwise direc
AAaiscontinuity exists at a point 220 degrees around ﬂxe circumference fro
the .point of entry of the sound beam. With respect to the revolution indicz
on the .CRT, the diséontifxuit_y will be to the

o~

4. curved shoc
5. With a choice of straight and angle beam transducers, the
SN
beam transducer is the quickest for testing a large plate,
<} Return to page 3-36,
: frame 6.
9. variable
10. A beam transducer is extremely valuable in pinpointing
discontinuities in rolled sheet and plate, and for making gross checks,
} Return to page 3-36,
frame 11, )
14, right .
15,

During pipe testing, distance from the transducer to a discontinuity can be

measured on the CRT by utilizing the circuit in the test instrument,

O Return to page 3-36,
frame 16,
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From page 3-37 ; ‘ 3-41

Let us proceed now to the consideration of contact testing in locating discontinuities

in welds,

Welds may contain discontinuities of varying types such as porosily, cracks, lack of
fusion, incomplete pentration, and slag inclusions. The acceptable quality of a weld
is a function of the total quantity of discontinuties in some lincar distance of the weld

as well as being a function of the thickness of the material being welded.

And welds are usually inspected using a test frequency of 1.0, 2.25, or 5 me depending
on the nature of the weld defects anticipated and on the material joined by the welding

process,

Turn to page 3-42.

From page 3-41 3-42

Welds may be ultrasonically tested by either straight beam or angle beam technigues

although the angle beam technique is in much wider use,

Straight beam testing of welds requires that the surface of the weld be ground smooth
as shown in View A, below, while the weld bead may extend ahove the surfaces joined

by the weld when angle beam techniques are used as shown in View B,

l ? l .
Foga
S~
{ ~— o \\\A //"“
e - il

VIEW B

VIEW A

The couplant used in testing welds may either be oil or water with a wetting agent
(detergent). If the surface is flat, water with a wetting egent will be more satisfactory
since it will Ieave the surface cleaner and will not soil the specimen, the equipment,
and the operator. Of course if the test surface is not smooth it will be necessary to

use a more viscous couplant.

Py

- -When tesﬁng a weld do you think you will receive any reflections from the weld area

even if there are no discontinuities present?




From page 3-42 ‘ 3-43

Sorry. You will receive a reflection from‘ the weld area even if there are no discon-
tinuities present.  Remember, there is a fusion zone on each side of the weld where
it joins the base metal; These will cause a small reflection and the \;ve}d itself con-
tains metal with a randomly-oriented grain structure as compared with the grain
structure of the material joined together which is oriented in the direction of working.

Some typical CRT indicatiohs are coming up very shortly,

Turn to page 3-44,

From page 3-42 3-44

Correct. The fusion zones between the base metal being joined and the weld area

will cause small indicatlions due to reflection.

Hlustrated below are some typical indications from welds. In View A a satisfactory
weld area is shown with the fusion zones clearly indicated. View B shows the same

reflections for the fusion zones but in this illustration there is a discontinuity in the

center of the weld,

REAR EDGE

]~ DIscoNTIRUITY

1 FAR EDGE

VIEW A VIEW B

¥
Suppose the indication on the CRT does not show the fusion zones. Which of the

following problems do you think exists?

Sound beam does not penetrate weld, . . ... ......... wEn w s wE ... Page 3-45

Excessive porosity absorbs the soundbeam ... .................. Page 8-46




From page 8-44 i : ) 15 ¥rom page 3-44 - : 3-46

That ia right, If the indication on the CRT dics not show the fusion zones it is an Your sclection is not correct, If you fail to reccive indications that show the sound
infleatitn tat the stwid beam haz not penkiratol (he Weld: ASd Intlore of penetration beam has penetrated through the weld, there will be no reflections from the fusion
is nol an uncommon occurrence. When it happens, you simply change the frequency Zones

and try again or change the position of the transducer.

e Excessive porosity would not be the cause since there would be a reflection from the
In order to scan the welded seam over its whole cross section at one particular spot, nearést fusion zone snd reflections from the center of the weld where the porostty
you move the transducer forward and backward, alternately approaching and moving SECHTE
away from the weld a distance of 1/2 to 1 "skip distance" from the center of the welded oo

. . 1eli " 3
seam as shown in View A, below. At 1/2 the "skip distance" the beam axis strikes the Turn to page 3-45.
center of the welded seam at the bottom, and at 1 "skip distance", the beam will strike

the center of the seam at the top as shown in Views B and C.

A reflection will be received from a discontinuity in the weld even when the center of
= =-the beam does not strike it. “The maximum reflection, however, will be received

when the discontinuity is struck by the center of the beam. g -

3 P i S A Page 3-47




From page 3-45 -4

Your selection is not correct. A sound beam is strongest in the cenfer and grows
progressively weaker as distance ﬁ-om the center increases. The reflection from

a discontinuity will be strongest when the discontinuity is struck by the center of the
beam even though a small reflection will occur when it is struck by the weaker portion

of the beam.

- - Turn to page 3-48.

o

From page 3-45 ' 3-48
Correct. A sound beam is strongest in the center. Maximum reflection from a dis-
continuity is received when it is struck by the center of the sound beam.,

It is necessary to understand skip distance and the means for finding it to use the pro-

per scanning technique for welds.

The path of a shear wave from an angle transducer showing the nodes of the beam is

illustrated below.

15T NODE 2KD NODE 3RD NODE
5 N e N Ve N 7 N S
= e ~ g ~N e ~.
N e N o, %

The location of the nodes can be determined by rubbing the material by hand or with an
oiled brush away from or toward the transducer along the sound path., This will inter-
fere with reflections of sound at the nodes and the indications on the CRT will be
dampened at the point of interference so that the point the sound strikes the surface

is readily apparent.

~Skip distance, or the distance between 2 nodes, can be determined by measuring the

_distance between 2 adjacent points that show reduced indications on the CRT. When

the finger touches a point on the surface between 2 nedes there will be no dampening

of the sound wave,

Skip distance is a function of which of the following factors?

Frequency ......... B S P P R T P Page 3-49
Wedge angle ...... W W N N S e T Page 3-50
ESBHIRZI )




From page 3-48 ) 3-49 -

I you have turned to this page it indicates you think skip distance is a function of the

frequency of the sound wave being transmitted into the test specimen.

Consider now what determines the angle of sound in a material. Isn't this due to the
angle of incidence of the sound beam on the test surface and the ratio of the velocity
pf sound in the wedge to that in the test specimen? It is! Since irequency isn't a
factor in consideration of the angle of refraction from Snell's LAW, it is apparent that
frequency is not the correct answer. The angle of incidence, as determined by the

angle of the Lucite wedge, is the factor that determines skip distance.

Turn to page 3-50.

From page 3-48 3-50

That's right. Skip distance is determined by the angle that sound enters the test

specimen, which, in turn, is determined by the angle of the Lucite wedge,

Once the skip distance is known, the arca over which the transducer is to be moved in
scanning the weld can be determined by drawing 2 chalk marks parallel to the weld
seam, one at 1/2 the skip distance and one at the whole skip distance from the center
of the seam. With the aid of the centerline on the probe, you can then move the trans-
ducer in a zigzag path from one chalk mark to the other, progressing along the'test
specimen to completely gcaﬁ the weld, Contact between the transducer and test sur-
face must remain uniform throughout the scanning path as spurious indications will

be received if good contact is not maintained.

Serious discontinuities in the weld seams, such as cracks and slag streaks usually
extend longitudinally along the seam and give particularly clear echoes when the sound

beam strikes the joint at right angles,

Wwill skip distance increase or decrease as thickness of the test specimen is increased,

assuming the same wedge is used and the same material properties are maintained?
DEOTCABE o v wn.sm s oissinsmpssonsssaesess bovioassviaowasas Page 3-51
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From page 3-50 ' . ) 3-51

"Skip distance” will not decrease as the thickness of the test specimen is increased.
The angle of refraction in the specimen will remain the same and the angles of re-
flection at the hodes will remain the same, however as the thickness inereases the
sound must travel further betwcén nodes to the surface. The correct answer is that

the skip distance will increase as thickness of the test specimen is increased.

Turn to page 3-52,

From page 3-50 3-52

Correct, Skip distance will incrense as the ihickness of the test specimen is increased.
The angle of refraction in the test specimen and the angles of reflection within the speci-
men will remain the samc but, as the thickness is increased, the distance between nodes

will increasc.

@Generally, the angle of sound beam incidence selected should be as large as practical
when tes-ting welds so that the incidence is as flat as possible. At stecp beam angles,
small spurious echoes will be returned from the weld bead and these are difﬁcult to
distinguish from real discontinuities. Smaller angles, however, must be used on
thick sheets to reduce skip distance as too great a skip distance will cause a reduction

in the sensitivity of the test instrument,

“Judgment must be used in selecting a large angle of incidence for the generation of

shear waves, What will happen if the angle selected is so large that the angle of

-vefraction is 90"“?

Skipdistancétoogreat.....‘........g.........,......... Page 3-53

Surface waves produced. . . . vt v i v iy hveeeiaanan. Page3-54




From page 3-52 ) : » 3.53

Your selection is not the best of the two available,  As beam angle is increased, skip
distamee increases,  The question poses the problem that the angle of refraction in the
test spechmen is 90°,  This is the second critical angle and will result in no shear waves
being produced in the test specifnen. Surface waves will be produced that will flow on
the surface of the specimen but these will not penetrate far enough below the surface to .

locate discontinuities in the weld.

Turn to page 3-54.

From page 3-52 - N ) 5.5k

Excellent, If the angle of incidence becomes so great that the angle of refraction in
the test specimen is 90°, shear waves will no longer be produced; surface waves will

result and it is not possible to thoroughly test a weld with surface waves.

The following table provides a comparison of the most favorable beam angle for testing
welds in materials of varying thickness with the weld bead ground down flush with the

material surface and also with the weld bead not removed,

WELD BEAD GROUND ON BOTH SIDES

SHEET THICKNESS BEAM ANGLE SKIP DISTARCE
UNCHES) (DEGREES) {INCHES)
0.2-0.6 80 2.2-6.6
0.6-1.2 70 3.2-6.6
1.2-2.4 60 4.2~-8.4

OVER 2.4 45 4.8 AND UP

WELD BEAD NOT REMOVED

0.2-0.8 80 2.2-8.8
0.8-1,6 70 4.4-8.8

. OVER 1.6 60 5.6 AND UP

Is the following statement true or false? As sheet thickness is increascd, beam angle

should be increased.

TIUE & v e v s et sa s sesesosascnseinsassaesssansseans .. Paged-5Hd
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From page 3-54 ) : 3-55

The statement on the preceding page is "false”. As the ‘thickness of the material is
increased, the beam angle should be decreased. I not, the skip distance will increase
and this créates problems in the sensitivity of the testing system. Remember, as the
skip distance becomes greater, sensitivity decrcases, Therefore, in selecting an
optimum beam angle in relation to material thickness, skip distance must be taken

into consideration.

Turn to page 3-56.

i
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From page 3-53 3-56

Good. You determined the statemoent was false and you're correct. As shect thickness
increases, beam angle should be decreased, not inereased, Otherwise skip distance

will increase and this is undesirable as it reduces instrument sensitivity,

Let's go on now and learn how the physical location of a discontinuity can be determined
in angle beam weld testing. Herc we find the distance shown on a CRT screen repre-
sents the angle beam path distance in the test s;ﬁecimen plus the apparent distance the
sound beam traveled through the transducer wedge. The wedge travel distance must be
compensated fox before any calculations can be made as to discontinuity location. As
an example, the velocity of sound in Lucite is less than 1/2 that of steel, which woujd
make the thickness of the average transducer wedge equivalent to 1" of steel,  This

1" would have to be subtracted from the CRT indicated distance to obtain the true beam

--path distance in the test specimen,

The true beam path can then be caleulated according to the formula a = w (sin o)

where o is the angle of beam incidence, as shown below.

) DISCONTINUITY
The factor, sin o, indicates difference in a §

.relative length of beam path "w" and actual

distance "a” between the transducer and - . .
. iﬂ N }
discontinuity. Its value for representative o
angles is 0. 985 for 80°, 0. 939 for 70°, - N
w

0. 866 for 60°, and 0.707 for 45°. At 80°
you can see that the beam path and actual
distance are almost equal with the beam path becoming progressively longer as the

angle decreases.

In a practical test situation, assume you are testing a weld in a steel specimen af an
angle of 60°. The distance "w'* as measured on the CRT screen is 7. 9 inches. What

is the distance “"a” from the centerline of the wedge angle to the discontinuity?
BIOGRES s o v v mm s m woe e N v eeeeeea-... Page3-57
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From page 3-56 3-57

Excellent, The corrcct answer is 6 inches. "w" is found by subtracting length of
sound travel in the wedge (1) from apparent distance (7.9"). The answer is then
obtained by multiplying the distance "w", 6.9 inches, by the sine of 60°, given as
0.866. The resultant distance “a" tells you the distance from the centerline of the

wedge angle to a point directly above the discontinuity.

Assume you are testing a weld in a steel specimen at an angle of 80°, One half the

skip distance has been determined to be 2 inches. With the transducer in this position,
a discontinuity indication appears on the CRT screen 3 inches after the initial pulse.
This will indicate that the discontinuity is at the root of the weld, since at one-half the’
skip distance the sound beam sirikes the root of the weld seam. If the equivalent dis-
tance of 1 inch of steel is added to compensate for sound beam travel in the angle wedge,

-.the resultant is a total of 3 inches, the distance indicated on the CRT.

N
N

N i
--EQUIVALERT TO 1* L. 3

Now, assume that while Seam'ﬂng the weld, a discontinuity indication appears when the
transducer is at a distance of 3 inches from the center of the weld seam. The CRT

indication shows the discontinuity to be 3 inches from the initial pulse.
From the above assumption, where would you say the discontinu;ty is located?

Centerof weld S€aIM . 4 v ¢« v v et e v i en v v nevossnons sam pmams v w Page 3-58

Between the transducer and weld 82 .. ... v v vevvavsaaas ... Page3-60

From page 3-57 3-58

Your selection is not correct. You were shown that when the transducer is 2 inches
from the weld seam center, the CRT indicates the discontinuity is 3 inches from the
initial pulse. The discontinuity is located at the root of the weld when you add the

distance that is represented by the.time of sound beam travel in the angle wedge.

When the transducer is moved to a distance of 3 inches from the center of the weld

seam, the CRT indicates that a discontinuity is 3 inches from the initial pulse,

At a distance of 2 inches from the center of the weld the sound beam reaches the root
of the weld; at a distance of 3 inches from the center, the sound beam will be reflected

between the transducer and weld seam, The discontinuity therefore is located between

the transducer and weld seam.

_Turn to page 3-60,




From- page 3-56 - ' 3-59

You guessed on this one, didn't you? You were given values of siner for various
beam angles. The value given for a 60° degree angle was 0. 866, Now, if "w" equals
6.9 inches (7.9 fnches less 1 inch in wedge), you multiply 6.9 by 0. 866 and obtain

an answer of 6 inches as the distance from the centerline of the wedge angle to the

discontinuity.

Turn to page 3-57,

From page 3-57 3-60

Good. If one~half the skip distance is 2 inches and we have the transducer at a position
3 inches from the center of the weld seam, a discontinuity indication on the CRT show-
ing that the discontinuity is 3 inches from the initial pulse will mean that the discon-

tinuity is between the transducer and the weld.

Next, assume that the transducer is at a point 2 inches from the center of the weld
(1/2-skip distance). A discontinuity indication on the CRT appears 4 inches after the
initial pulse. This will indicate that the discontinuity is in the plate beyond the weld

as shown in the below illustration,

T._____ ZI /’\ 0
L DISCONTINUITY
N

§
EQuALEKT 1010 N o / | - /

Assume again that the skip distance at an angle of 80° is 4 inches. During scanning,
the center line of thé angle wedge on the transducer is at the whole skip distance line - -
when 2 discontinuity indication appears on the CRT 5 inches from the initial pulse.

The discontinuity is , , .

Beyond the weld . .. .....n.. FEPIPRCIp. T T T ....Page 3-61

Intheweld ........ e S S ....Page 3-62
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From page 3-60 3-61

No. The discontinuity is in the weld, By turning to this page you have indicated that

you forgot to consider the effect of travel of the sound wave in the angle wedge. This

is equivalent to 1 inch of steel that must be added to the distance in the material to

obtain the actual distance of sound travel following the initial pulse. Remember, too
et ¥ 1 1

that at an angle of 80° the angular path of the sound beam is considered to be the same

as the distance measured parallel to the surface. These considerations mean that

the reflection from the discontinuity occurs in the weld.

Turn to page 3-62,

From page 3-60 ) 3-62

An excellent choice, The discontinuity is in the weld, At 80° the angular path of the
sound beam is considered the same as the distance measured parallel to the surface.
You took this into consideration as well as adding the distance reguired for sound wave

travel in the angle wedge. =

The location of discontinuities in welds thus far has been accomplished by manual means

“ through application of the mathematical relationship between the distance traversed by

' the angle beam and actual distance measured parallel to the test surface. In addition,

discontinuities may be located by use of accessories such as the weld testing ruler

INITIAL ,_,—DISCONTINUITY
PULSE CALIBRATION MARKS
< ON CRT SCREEN

T B T B
CALIBRATED

vorview | [ B TN WELD RULER
A 1

i

]
!yt —————DEFECT LOCATED
UNDER ARROW
) g
SIDE VIEW e

A full explanation of the use of the weld testing ruler will not be given since this device

{llustrated below.

must be calibrated against the thickness of the plate, the angle of the Lucite wedge to
be used, and the material composition of the test specimen, Calibration marks on the
ruler must correspdnd to calibration marks on the face of the CRT. This scale will

vary for different test instruments according to the manufacturer.

Use of a weld testing ruler that has been properly calibrated for the angle of sound in
the test specimen, specimen thickness, and the test instrument will enable you to
directly determine the location of the discontinuity with respect to horizontal distance
from the centerline of the transducer wedge angle and depth below the surface of the
weld,

A weld testing ruler that is designed for locating discontinuities in a weld in 1/2-inch
steel plate should not be used to locate discontinuilies in a weld in a 1/2-inch aluminum
plate, Which of the following reasons would explain this?

Different reflection angles. . . .. oo v s v e v cnores i rensens Page 3-63
Different refraction angles. . .. v.ovvuvionnenoueensossa..... Page3-84
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’ From page 3-62 ’ Hep From page 3-62 3-64

Looks a6 if you have forgotten the difference between "refraction” awd ''reflection”. . That's right. A weld testing ruler that is suitable for localing a discontinuity in steel

When a sound beam passes from one mediwm to another, as from the Lucite wedge will not he adequate for use with an aluminum specimen due to differences in refraction,

used in angle beam testing to the test specimen, it will be caused to bend, This is ] When testing atuminum, it is nccessary to use a ruler that is calibrated for aluminum.

refraction, The amount of bending is dependent on the ratio of velocity of sound in . .
) gLt ) . Assume now that you have available an International Institute of Welding (ITW) ultrasonic
the 2 mediums, '
reference block for use in standardizing the test instrument for testing welds in steel,

The amouwit of refraction in going from Lucite to steel will be a certain fixed amount You'll recall the IIW block was deseribed in detail in Volume II. In general, instrument
, and will result in a fixed angle of propagation within the test specimen. The angle of Lo standardization for angle beam testing of welds in steel using the IIW block is accom-
reflection at sound wave nodes will be a fixed value depending upon the initial angle plished as follows:

of propagation. « .
1. A 5 me straight beam transducer is first connected to the test instrument to -

The initial angle of propagation in aluminum will differ from that in steel assuming the _ make the initial adjustment. This transducer is placed on the TTW block as
same angle of incidence because of the difference of sound wave velocity in the 2 shown in View A, below, and the test instrument sweep is adjusted to obtain 5
mediums. Again, the angle of reflection as the sound wave travels in a zigzag pattern reflections spaced as shown across the face of the CRT.

through the test specimen will be determined by the initial angle of propagation in the .

i R =4
test specimen. :
est sp g ™
!

i
3.64 M.
Turn to page 3-64. .
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2. We then change to the proper angle beam transducer to be used in the test and
¢ this transducer is placed on the TW block as shown in View B, above.

Turn to page 3-65,




From page 3-64

The CRT pattern you obtain will be similar to that shown in View B on the
preceding page.  Note the position of the first back reflection and its distance
from the 4-inch mark. We find this distancc (A) represents the sound beam

travel time in the Lucite wedge.

3. At this point we again adjust the jnstrument sweep so the back reflection occurs

exactly at the 4~inch mark as shown below.
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4. Instrument sensitivity is then adjusted to such a level that reflections from the
0. 060-inch hole and the 90° groove in the IIW block can be recognized. These
refiections will occur at the 8- and 9-inch marks on the CRT screen and the

resulting CRT pattern should be similar to that shown above,

Turn to page 3-66.

» s
From puge 365 3-66
5.  Finally the transducer is placed in each position shown below, and moved back
and forth on the block's surface until maximum reflections arc obtained from
the 0. 060~-inch hole, Sensilivily is adjusted until the amplitude of the reflec-
tions in the 2 positions is exactly as given in the acceptance standard. And the
CRT patterns should be similar to those shown,
POSITION 1%\ 0.060-1KC
R L060-INCH HOLE
/ X i
e :
POSITION 2
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POSITION 1 ' POSITION 2
What is the purpose of adjustihg the instruﬁxent so that the reflection from the IIW
block arc occurs at precisely the 4-inch mark on the CRT?
CRT distance accurately represents sound travel distance
intestmaterial . ... ....... . L e ek B B W R SR R Page 3-67

Unwanted indications from initial pulse are eliminated , .. ... ...... Page 3-68



From page 3-66 ’ 3-67

Correct. The adjustment of the reflection is for the purpose of calibration. The CRT

can then be used to accurately indicate distance of sound travel in a test specimen.

This brings us now to the use of the dircet reading ultrasonic caleulator for weld testing
when the plate thickness of the test specimen and angle of the transducer are known.

Cards similar to that shown below are available commercially and are quite handy to

use.

" 1 4 5 7 10
- L
7] 80

1
= 70 A __1
- /’60 -

2
] P/ED e

240

The horizontal scale across the tcb of the card represents the number of inches between
the transducer and the weld. The vertical scale represents specimen thickness and the
- numbers adjacent to the arc show the degrees incidence of the sound beam. A trans-

parent plastic slide fits over the card and is used to identify the weld and show its loca-

" tion in the specimen. A typical example using this form of calculator follows.

Turn to page 3-69,

From page 3-G6 3-68

It is true that by adjusting the instrument so that the reflection from the arc occurs at
the 4-inch mark on the CRT, the initial pulse will move off the CRT fo the left. How-
ever, this is notl the purpose of the adjustment - the purposé is to calibrate the CRT

sweep so that it can be used to accurately measure distance of sound travel in the test

specimen,

Turn to page 3-67.




From page 3-67 : . 3-69
* Assume now that we are testing an X-weld with an opening of 30° in a 2-inch steel plate.

The transducer we're using has a 60° incidence angle in steel.

1

First we draw a line representing the sound path from the upper left corner of
the card (represcnting point of incidence in the specimen) through the 60° mark
on the arc as shown below. The line should extend to the 2-inch line (point A) .
representing plate thickness. We now have the sound beam incidence angle
recorded on the card, The angled line also represents one-half the skip dis-
tance as measured on the surface — approximately 3-7/16 inches.

POINT OF INCIDENCE DASHED LINE B

e |

1N 80

70 1

Wi

50
0

DISCONTINUITY -
6 4 /
\A

. Lack of
- Lack of

For full skip distance, we double the 3-7/16 inches and mark that point at
approximately 6-7/8 inches {point B). We then draw a line between point A and
point B and mark off the 2 apgles in inches, as shown above. Scale should be

the same as the horizoﬂté,l and vertical lines on the card.

We next sketch the 30- X-weld on the plastic s;lide with the dashed line repre-

senting the exact center of the weld and place the card in the slide:

Let's assume now the test instrument CRT shows a discontinuity at 5. 5 inches
when the centerline of the transducer (point of incidence) is 4-5/8 inches from
the weld centerline. First we locate the plastic slide weld centerline over the
4-5/8 inch mark on the card. Then the discontinuity location is read directly
by reading along the sound path to a point 5.5 inches from the point of incidence.
We find the discontinuity is 1-1/4 inches from the surface and 1/8 inch from

the center of the weld on the far side of the weld.

Which of the following discontinuities is apparent in the above example?

penetration. ... .. .osw sy e e V... Page3-T0

B

From page 3-69 3-70

Your answer is incorrect. Note the location of the discontinuity, It is at the boundary
between the specimen and the weld metal, In this case the discontinuity is caused by
a lack of fusion between the specimen and the weld which will cause the weld to be

weakened, Lack of penciration is caused by molten weld material not flowing through~
out the area to be filled.

Turn to page 3~71.




From page 3-69 3-71

That's right. The indicated discontinuity is causcd by a lack of fusion hetween the edge

of the specimen and the weld,

Assume now we're testing a V-weld with an opening of 30° in a I-inch steel specimen.

The transducer angle of incidence is 70°.

1. The sound path is drawn on the card from the upper left corner toward the 70°
mark on the arc and down to the horizontal line at one inch {point A) as.shown
below. For the full skip distance we double the length of this line and place a
mark at approximately 5-1/2 inches {point B). The second half of the sound

path is then drawn in,
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2.,  We add the inch scale to the sound path as we did in the previous example,
sketeh the weld on the transparent plastic slide, and place the prepared card
i the slide.

3. Let's now assume a discontinuity indication Qt 3 inches on the CRT screen
whén the transducer point of incidence is 2-3/4 inches from the weld center-
line. We adjust the welr; centerline on the plastic slide over the 2-3/4 mark on
the card and read the location of the discontinuity directly by reading along the
sound path to a point 3 inches from the point of incidence. The discontinuity

occurs one inch below the surface and in the center of the weld.

Which of the following discontinuities is apparent in the above examples?

From page 3-71 3-72

Invorrect, In this example the discontinuity is located at the lower part of the V-weld
where the 2 sections of the specimen are joined, The discontinnity is caused by lack of
penetration of the molten weld material into this space and not by lack of fusion between

the weld material and specimen,

Turn to page 3-73.

N



From page 3-71 © 873

Very good. The indicated discontinuity is caused by lack of EGh@traiion of molten

material at the root of the weld,

The experienced ultrasonic operator can determine the type of discontinuity from the
type of indication on the CRT. Typical indications from the most common discontinuities

are as follows:

© Cracks and bonding discontinuities in the direction of the weld seam will pro-
duce a sharply defined indication when the beam strikes at right angles as
shown below,

e Porosity that is spherical in shape ivill produce a sharp echo even when the
beam strikes at an angle to the weld seam.

¢ Slag streaks produce a stepped indication that is maximum at right angles to
the weld seam. This discontinuity differs but little from cracks with flat
surfaces.

® A large inclusion such ag the one shown in the illustration below can produce

multiple reflections with interference by reflections from the surface of the

plate,

POROSITY

If a multiple reflection is received from a discontinuity such as the one shown in the

illustration above, what would be the best way to isolate its location?
Test from other side of weld seamn ... ...... R T R TR e Page 3-74

Test at different ahgle _— v e sl S W R Page 3-75

E—

From page 3-73 3-74

Excellent, The most practical solution to the problem is to test from the other side of

the weld seain,

Ideally, the reference or standard to use for comparison in weld inspection is a welded
sample specimen of the same type and size as that being tested, And it should contain
known discontinuities of the same size and type as those suspected as being contained
in the test specimen, However, this type of comparative standard is hard to obtain

in practical test situations. As an alternative, it {s common practice to drill a hole in
the test specimen, or in a separate piece of material of the same general size, and
compare reflections from this hole with reflections received from discontinuities in

the test specimen.

The hole size commonly used is 1/16-inch in diameter by 1/2-inch deep. The actual
size of the hole to be used as a reference standard will be prescribed by the acceptance

standard,

If you are determining the magnitude of the reflection that will be received from the

reference hole, at what distance should the transducer be placed from the hole?
Minimum and maximum for weld scanning .. ... ... . ... .. .. ... Page 3-76

Mid-poinfof areaof Bean. . ... oo i i e Page 3-77




From page 3-73 . ' 3-75

Your answer is nof the most practical solution to the problem. It will be much better
to test from the other side of the weld scam and avoid unfavorable multiple re-
flections. It may require the seléction of several different angles before one can

be found that will give the proper discontinuily indication. In the event that testing
from the other side of the seam also results in multiple reflections, it may then be
necessary to experiment and use different angles in an attempt to obtain a defineable

discontinuity indication.

Turn to page 3-74.

From page 3-74 3-76

Good. The transducer should be placed at the minimwn and maximum points in dis-
tance from the center of the reference hole that will be used later in scanning the

test specimen. These 2 points are 1/2 and whole skip distance from the hole and

represent the 2 extremes that are covered in scanning,

Turn to page 3-78.
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3 3-78
From page 4-74 3-77 i
: Your answer is incorreet. The magnitude of the reflections obtained from the reference %
hole should be determined from the minimum and maximum points to be included in the ‘ From page- 3-76
scanning path when actually testing the weld.  This will be 1/2 and full skip distance
from the center of the hole.  Skip distance, of course, is a function of the angle of the ; 1. Thef z in a weld between base metal and weld material

sound beam incidence on the test surface, thickness of the test specimen, and material : N will cause reflections on the CRT even though there are no discontinuities present.
properties of the specimen, .
To obtain the magnitude of reflection only from the mid-point of the area of scan - D

would not provide adequate reference information since this is only one of a very lérge

number of test points between the 1/2 and whole skip distance points, 4. incidence

Turn to page 3-76.

5. Skip distance will (increase or decrease) as the thickness of
the test specimen is increased, assuming the same material properties and test

conditions are maintained. D

8. greater

9. During weld scanning at 60°, da discontinuity indication appears when the transducer

is 3 inches from the center of the weld seam. The CRT indication shows the discon-

N : tinuity to be 8 inches from the initial pulse. Is the discontinuity located in the
weld seam or in the plate. (weld or plate - selectoney . [>
n 12, steel

13. A test hole in the test specimen is to be used as a reference standard for compari-
son with discontinuity indications from a weld. In establishing reference indica-
tions from the test hole, the transducer should be moved within the limits that

will be used in 8 the weld.




1. Fusion zone
2. During testing of a weld using angle-beam techniques, only the front surface
4 reflection appears on the CRT. This is an indication of lack of p WES——
of the sound beam. [>
5. increase
6. It is desirable to use large angles of incidence for the generation of shear waves.
Judgement must be used though, since surface waves may be produced when the
angle of refraction of shear waves in the test specimen exceeds i
degrees. D
9. plate
10. _Assume you have angle beam transducers available that will produce angles of 60,

. 70, and 80 degrees in a test specimen. One of these, the degree trans-.
ducer, will produce a beam that travels very nearly the same distance in the
material as distance measured on the surface. i [>

13. scanning
14. ‘Turn to page 3-82.
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center

International Institute of Welding (IIW) referénce blocks can be used for standard-

izing ultrasonic instruments for testing welds in only.

Return to page 3-78,
. frame 13.

4. Skip distance in a test specimen will change as the angle of
is changed.
. ] Return to page 3-78,
i frame 5.
7. decreased
8. Assume you are testing a weld at an angle of 60 degrees. A discontinuity appears
on the CRT 6.9 inches after the initial pulse. This distance is _
(greater) (less) than the distance between the wedge centerline and a point on the
surface directly above the discontinuity? Return to page 3-78,
frame 9.
11. refraction
12,

3-82
From page 3-79

Now you are ready to start back through the book and read those upside-down pages.

TURNOR ROTATE-THE-BOOK 180° — LIKE THIS

READ PAGE 4-1 AND CONTINUE AS BEFORE.




CHAPTER 4 — PULSE-ECHO/ THROU&H TRANSMISSION TESTING USING 4-1
THE IMMERSION METHOD

In Chapters 2 and 3 you learned the application of contact testing and the various

techniques used to properly evaluate discontinuity indications, Many of these applica-

. tions and techniqu;}s are also used in) immersion testing. Therefore, this chapter on
immersion testing will cover only the equipment and techniques peculiar to immersion
testing and the indications that may be expected when conducting tests, Little additional
discussion will be given when the principles-of the techniques are similar or identical to

those discussed in contact testing,

You recall that in immersion testing the transducer is separated from the test surface
of the test specimen by a liquid, usually water with a wetting agent and rust inhibitor .
added. And under normal testing applications vboth\the test specimen and transducer

are immersed in a tank and the sound muét traverse a short distance of liquid (usually

water with a wetfing agent) before reaching the surface of the test specimen,

Turn to page 4-2,

From page 4-1, . 4-2

The equipment required in immersion testing écpe.nds upon the particular tc‘sting

problem or application. A typical installation will include the following items:

e Ultrasonic test instrument.
¢ Test tank to hold coupling medium (water) and test specimen.
¢ Scanner tube for holding transducer.
e Manipulator for positioning transducer.
e Carriage to support manipulator and pérmit movement of transducer back
and forth and across the test tank in any direction.
¢ For automatic scanning, a C-scan recorder and a turn table to pemﬁt rotation

of symmetrically-shaped specimens for automatic scanning,

TEST INSTRUMENT
COAXIAL CABLE

SCANNER TUBE

MANIPULATOR

TRANSDUCER

8 A h \ / ://4; TEST SPECHAEN

Water used in test tanks as a couplant usually requires the addition of a wetting agent.

The wetting agent serves the purpose of . . .
ellmination T AILDUDDIES . w4 « v o s ws wiw ms 56 65 ais @@ 510 mie 08 sy B W Page 4-3
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From page 4-2 7 4-3

Good. The "wetting agent” added to the water in the test tank is for the purpose of
eliminating air bubbles. We can expect the maximum transfer of sound cnergy into the
test specimen when there are the fewest obstructions ~ air bubbles are a definite

obstruction,

Before considering the fest frequencies that can be used in immersion testing, let us

briefly review some of the basic equipment used in immersion testing.

The carriage assembly we learned in Volume II mounts on the immersion test tank and
provides a means of moving the transducer in both longitudinal and transverse directions
relative to the surface of the test specimen. And the unit may be either manual or auto-

matic, a manual unit being illustrated below.

SCANNER TUBE

TRANSODUCER

Automatically operated carriage units include a motor and drive mechanism for moving-
the transducer across the width of the tank and indexing in small increments in the
opposite direction to scan the entire surface. Speed of scanning is variable and con-

trolled by the operator,

Which of the following items should you adjust if ydu want to determine the extent of
the area of a large discontinuity?
Manipulator, . .ot i e

Manual positioner, , . ,

From page 4-2 . S 4-4

Your answer is incorreci. Under practical test conditions, if you want to move the
transducer to determine the extent of the area of a large discontinuity, you will have to

move the manual positioner on the carriage. Movement of the manipulator will cause

. the angle of incidence of the sound beam to change - this we do not want.

Turn to page 4-86,




From p:igc 4-2 o . 4-5 .
. . From page 4-3 ‘ 4-6
When we ﬁdd a weflling agoent it is for the purpose of getting rid of air rather than adding '
it. If you were to "aerate™ the water it would reduce its effectivencss as a couplant . Fine. You are quite right in stating that the manual positioner is used when you want
" since ultrasonic sound has just as much trouble getting through an air bubble in water to adjust the position of the transducer parallel to the test surface.

as it has in getting through free air. Your selection should have been "elimination of The "manipulator', you'll recall, is used to precisely raise, lower, or change the angle

air bubbles." When there are no air bubbles in the water that surrounds a test speci- -t of the transducer with reference to the test surface of a specimen, The unit is so de-
men the waler "wets" the surface better and we have a better transfer of sound from signed that the preset transducer position will be accurately maintained during all speeds

the water to the test specimen, in automatic scanning.

‘ Turn to page 4-3. ) 2 : . :

MANIPULATOR

Al
ANGLE INDICATOR SCANNER JUpE

TRANSDUCER

In contact testing you learned that the angle imprinted on a Lucite wedge used in angle

beam testing is often the angle of refraction in a given test material, not the angle of

ve

an

incidenée. Which of the following angles do you think is shown by the angle indicator

on the manipulator?

Angle of incidence at test surface

533013404 B

Angle of refraction in test specimen .. ...




From page 1-6 : : . 4.7

Correct, The angle shown by the angle indicator in the manipulator is the angle of

incidenee at the surface of the test specimen.

The scanner tube, shown on the previous page with the manipulator, provides a rigid
coaxial connection with a watertight mount for the transducer on one end and a standard
coaxial connector on the other end. Scanner tubes are provided in varying lengths as

dictated by test requirements.

‘Which element of the immersion testing system is raised or lowered to adjust water

distance between the transducer and test specimen?

SCRBNETF MIBE & o & o 5s 5.6 56 w8 0 wd 00k 0.5 55 08 8% mm v foo og Wiss min bk wim . Page 4-9

Manipulator .. .............
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From page 4-6 5 4.8

‘Incorrect. The angle shown on the angle indicator portion of the manipulator is the

angle of the sound beam in the water medium, or gglé of incidence at the test surface.
It is then necessary to apply Smell;s Law and calculate the angle of rcfractioﬁ in the
test specimen or usc a calculating device, If the angle indicator showed the angle of
refraction in the test specimen, it would be necessary to change indicators each time

a specimen of a different material was tested.

Turn to page 4-7.



“From page 4-7 - i v 4-9
That's right. The scanner tube is moved vertieally by the manipulator to change the
water distance between the transducer and test specimen.

Now let us consider the test frequencics that may be used in immersion testing.

Since the transducer does not come into contact with the test specimen in immersion
testing, it is possible to use thinner crysta]s; and thus test at the higher ultrasonic

frequencies,

As in contact testing, the nature of the internal structure of the test specimen and the

size of the discontinuity expected will be major factors in determining the frequency to_

be used, Where the test situation permits, it is possible to use frequencies as high as

15, 20, or 25 me. The frequency range of test instruments used in immersion testing

is.usually from 2. 25 to 25 me.

Suppose the purpose of an ultrasonic test is to detect very small discontinuities. You
have a choice of 10 me or 20 me as a test frequency. Which should be selected for the

best resolution of small discontinuities?

IO M0 i%s s 1o w0 w1 0w 16 VG bW b aE ..... Page 4-11

............................................. Page 4-12

From page 4-7 4-10

No. The manipulator is not raised and lowered to adjust the water distance. We

raise and Jower the scanner tube using the manipulator to perform this function.

Remember, It is the manipulator we adjust to raise, lower, or change the angle of the

scanner tube, And it is the scanner tube that holds the transdpeer.

Turn to page 4-9,



From. pige -9 ) ' 4-11

You picked the wreng one, M you want to deteet the smallest discontinuity, seleet the
highest frequency available,  This, dn turn, will provide a sound beam of the sheriest
wavelength ~ the shorter the wavelength, the smaller the discontinuity that the beawm
can "scec."

You can "sec' a much smaller discontinuity at 20 me than at 10 me.

Turn to page 4-12,

5330.13 (V-HI)

From page 4-9 4-12

Very good, If you want to deteet very small discontinuitics and you have a choice be-
tween a test frequency of 10 me and 20 me, the 20 me frequency will give you the best

results,

You learned in Volume II that transducers used in immersion testing differ from those
used in contact testing mainly in the manner of construction. Since the transducer is
immersed in water during testing, it follows that it must be watertight. You have
already learned that it is possible to make the transducer erystal much thinner for
immersion testing since the transducer does not come into contact with the test speci-
men and therefore is not as susceptible {o mechanical damage, The thinner erystal is

what makes the higher test frequencies possible.

Turn to page 4-13.



4-13
From page 4-12

i i i ‘¢ a sharper than normal sound heam is
For immersion testing applications where a sharper tha

required, a focused transducer should be usced,  Tocusing the sound beam will give bet-
ter resolution for small discontinnitics at a given frequency and will enable you to look
for discontinuitics at a given depth below the test surface, This type transducer is

especially usecful in testing an arca of bonding between 2 materials,

You learned in Volume II that the focusing effect, illustrated below, is attained by the
lens structure on the face of the erystal, It can be seen that the lens focuses the

sound energy into a small, well-defined pattern.

TRARSDUCER
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OR ———‘?Q’i\.-«———————— BEAM DIAMETER
5
FOCAL ZONE ) //7’:3:\“\ .
7
AL AN ~1est SPECIMEN

Assume you are making a test using a focused transducer with test results displayed
on an A-scan devﬁce. Sweep delay is adjusted to “erase' the initial pulse. Further
agsume there are no discontinuities in the focal zone of the transducer. Which of the

following indications will be displayed on the CRT?

ve.... Paged4-14
Frontsurfaceonly...........c.0vvveunnn ag

i . Page 4-15
Frontsurfaceandl_:ackreﬂectlon....,...................... ag:

From page 4-13 4-14

Very good. When using a focused transducer and no discontinuity exists within the
focal zone of the transducer, no reflection will he returned for display on the CRT

following the front surface indication,

Through transmission technigues in immersion testing use the same "'shadow" effects

for detection of discontinuities as through transmission in contact testing. Maximum

transmission of sound energy is obtained when there are no discontinuities in the test

specimen - discontinuities cause reflection of the sound beam with a corresponding

reduction of sound energy that is received by the receiving transducer,

Accessory equipment for through transmission testing is the same as for single-

transducer methods with the addition of a holding fixture for the second transducer,

This can be either a second manipulator or, if one is not available, a~holc1ing fixture

similar to the one shown below,

HOLES FOR SCANNER TUBES

TRANSDUCER HOLDING
FIXTURE

Turn to page 4-186,




From page 4-13 4-15

Sorry. You made an incorreet selection. Under the hypothetics] situation stated the

sound beam will diverge (scatter) beyond the focal zone of the transducer and there

will be considerable seatter at the buck surface. There will not be encugh sound energy

returned from the back sqrface to cause an indication on the CRT. A test under these

conditions will result in only a front surface indication on the CRT. -

Turn to page 4-14,

From page 4-14 4-16

A partial test setup showing uscs of o holding fixture and the expected test instrument

readout with proper and improper transducer alignment is shown below.

TO TEST INSTRUMENT

RIGHT ARGLE

RIGHT ANGLE ADAPTER
TRANSDUCER ’
ALUMINUM BLOCK
TRANSMITTED PULSE

RECEIVED PULSE

PROPERLY ALIGNED IMPROPERLY ALIGNED

What is the relationship between size of discontinuity and amplitude of indication on

the CRT? Select one of the following:
Small discontinuity - small indication .. ... vvhuvver e Page 4-17

Large discontinuity - small indication . ... v v o Page 4-18
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From pnge 4-16 . )
g 4-17

{

Your scleciion 18 not correct. If the discontinuity is small, more of the sound cnereyv
o

gets pusd and a larger amount will reach the receiving transducer, The indication on
. Th &

the CR'T will be larger with a small discontinuity,

On the other hand, if the discontinuity is large, more of the sound beam will be re-

flected, and less will pass through the specimen to the receiving transducer

A I~ ra i , i
good rule to remember in thy ough transmission testing is the larger the discontinuity

the smaller the indication on the CRT.

Turn to page 4-18,

From page 4-16 4-18

Good. Your analysis is correct. In through transmission testing, as the size of the
discontinuity inereases, the indication on the CRT will become smaller. This is be-
cause more of the sound wave from the transmitting transducer is reflected by the dis-

continuity and less is able to get to the receiving transducer,

A special application of immersion testing is the "bubbler” or "squirter” illustrated

below.

TEST SPECIAEN \L

= SOUKD PATH

=

WATER COLUH b OVERFLOW BASIN

TRANSDUCER WATER FLOW
This application is also sometimes referred to as the water column technique. As can
be seen a "bubbler” provides the flexibility of immersion testing without the necessity
for large test tanks and elaborate positioning equipment. Both straight and angle
beam techniques can be used depending on the bubbler design.

A variation of the "bubbler" is the high temperature bubbler shown below that can be
used for testing on surfaces that are too hot for standard contact testing. The flowing
column of water insulates the transducer against heat and couples the sound beam to

the test specimen,

TEST SPECIMEN — | TRANSDUCER CABLE

o]
FACE PLATE /

SOUND PATH

BUBBLER CHAMBER RRIGEERIVACYE

Which of the following can be considerced an advantage for using a bubbler?

Both straight and angle beam technigues canbeused . ... .......... Page 4-19

No immersion test tauk foreguired. . oo v 56 96 6 wn vm ma w wE ww ¥ Page 4-20




From pape4-18 . 4-19

Tncorrecl. 1 is true that bubhlers can use both the straight and angle beam techniques
but this 15 no special advantage for using a "bubbler'. You'll reeall that both of these

techniques are readily applied to conventional immersion testing,

Now let's take another look at the other selection "no immersion test tank is required"
Suppose we had a large specimen which could not be placed in an immersion tank but
we necded the sensitivity and resolution capabilitics only the immersion method can
produce, A logical choice would be a bubbler because no immersion tank is required.

Now wouldn't this be an advantage for the bubbler? Of course,

Turn to .page 4-20.
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From page 4-18 4-20

Correet, The fact that no immersion tank is required can be considercd an advantage
of the bubbler application. It allows us to still use the immersion principle when a fest

spccimen may be too large for immersing as in conventional immersion testing.

The following illustration shows immersion testing with a straight beam and the CRT

indicalions that will be received,

TRANSDUCER BACK REFLECTION
- - DISCONTINUITY
P A i Lo s . .
VATER 7 FRONT SURFACE
FRONT SURFACE \ -
j \ INITIAL PULSE\
IRERE
BACK SURFACE \\ (i [TIE ET——
g
1
N it 4
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The water-path distance from the transducer to the front surface of the test specimen
is generally set to be longer in time than the length of scan from the front to rear sur-
face in the test specimen. This is done so that the first multiple of the front surface

reflection will appear behind the back reflection on the CRT.

Which of the following will be the result if the transducer is placed too close to the test

specimen’s front surface?
Spurious indication .............. ... ... R RGN R SR S s Page 4-21

Loss Of back TEMECHON 5 v vis v s mw s fie 5s %6 506 816 @8 55 6@ a8 s o Page 4-23



From page 4-20 4-21

Good, When the traneducer 1s too close to the front surface of the test specimen the
second front surfuce reflection will appear on the CRT between the fivst front and back
surface reflections. Unless you realize what you are looking at, you may think this is

" a discontinuity.

The transducer must be positioned so it is further from the front surface with respect
to the time for sound travel in water than the time required for the sound beam to
travel through the test specimen and be reflected from the back surface, This is espe-

clally important when the test area is gated for automatic sign.alling and recording.

Velocity of sound in water is approximately one-fourth that of aluminum or steel. One’
inch of water will appear on the CRT presentation in the same time span on the sweep

as 4 inches of steel.

A good rule to remember is that the distance from the transducer to the test specimen

must be at least equal to 1/4 the thickness of the test specimen plus 1/4 inch as illus~
trated below.

BACK REFLECTION

TRANSDUCER
— _ FRONT SURFACE
WATER ‘ WATER DISTANCE
12"
TEST SPECIMEN /2" AL~
. \\ 1 PULSE
15
[
A A

Assume you are making a setup to test a flat aluminum plate that is 3 inches thick, How

much water distance is required between the transducer and top surface of the sheet?

1-1/2nches .. ..vovenuunn e e Page 4-22

From page 4-21 4-22

No. You must have gucsseed at the answer by turning to this page.  The water distance
muet be 1/4 the thickness of the specimen plus 1/4-inch,  The thickaess of the speei-

men is given as 3 inches,

1/4 of the thickness is 3/4-inch, add 1/4-inch, and your answer is 1 inch,

Turn to page 4-24,



From page 4-20 4-23
Incorrect, Consider again what will happn if the transducer is placed too elose to the

front surfuce of the test specimen.  The sccond reflection from the waler-test surface
interface will appear on the CRT between the front and rear surface indications, When
this happens you are likely to identify it as a discontinuity - your answer to the question
should have been “'spurious indication.” What you think is a discontinuity is really a

multiple reflection that will always occur.

Turn to page 4-21,

From page 4-21 4-94

Good. The correet distance between the transducer and test specimen in this test

situation is 1 inch,

Angle beam festing with immersion techniques is illustrated below,
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The tesl setup shown above will produce a CRT indication that differs from that received
with straight beam testing due to the angled incidence of the sound beam at the test sur-

face as shown below.

INITIAL PULSE . FRONT SURFACE DISCONTINUITY

What is the reason for the small front surface indication when using angle beam tech-

niques? Select the answer from the following.

Reflection of sound at test surface .......... ... en. ... Paged-25
Refraction of sound at test surface . .. ......... ... ... ......... Page4-26
SR '



From page 4-24 ’ 4-25

Finc. You remembered the difference between "reflection” and "refraction, " In this
case the somd is refleeted at the test surface an an angle and does not return to the

transducor,

The final item we should consider in the selection of immersion test equipment is the

C-sean recorder,

During automatic scanning it is not practical to monitor a CRT for discontinuity indi-
cations due to the continuous movement of the transducer and the speed with which
reflections from the spccimen are obtained. In this case a facsimile-type recording

device similar to the one illustrated below is used to obtain a plan view of the test

specimen,

As you already know from the discussions in Volume 11, a "gating circuit” in the.test
instrument is‘ activated so that the output of the test instrument to the recorder will
only include discontinuity indications that occur in the area of interest. The front and
back surface reflections are not recorded. And the recorder can be adjusted to produce
a mark from each pulse with no mark from a discontinuity, or marks only from dis-

continuity indications. Thus, either a positive or negative recording can be made.
Which of the Tcllowing features of a discontinuity are recorded in C-scan?
Shape and relative size . . . ... ........... & Ml w M EE G D e Page 4-27

Depth and Shape. .« v vttt it ittt et ettt e et et Page 4-28

Foromn puge =24

426
Loolis ax if you were caught napping on this one. Refraction is what oceurs inside the

test specinen whea the s : . .
Lusl specimet: whea the sound heam is bent due to the difference in sound velocity in

water and the specimen. In this case the sound is reflected at the surface, 1t db(‘s not
retura {o the transducer due to the angle at which reflection occurs

Turn to page 4-25,
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From page 4-25 - ' 4-27
' From page 4-20 4-28
Correet, A C-scan recording will disp!ay‘;_:lx_;.pf- andd velative size of a discontinuity ' _ )
but will not tell us how deep it is in the test specimen. We know that it is within . The shape of a discontinuily is displayed - you ave only hudf-right.  The rccording
the "gated” area - that is all. does not indicrte the depth of the discontinuity. You will know the approximate depth

since it will occur somewhere within the "gated” area, but actual depth will be apparent
After scanning a specimen and obtaining a C-scan readout, it is difficult in most sys-

_ N only by manual scamning and using the CRT te measure depth of discontinuity indication.
tems to exactly relate the position of the discontinuity as shown on the recording Lo its

You can say then that a C-scan recording shows shape and relative size of a discontinu-

ity, but not depth.

actual position with relation to the test surface. This is because there is no mechani-

cal linkage between the recording head and the transducer.

Some automatic systems are equipped with mechanical linkage between the recording Turn to page 4-27,

head and transducer so that it is possible to accurately locate a discontinuity with

respect to the test surface as shown below.

TRANSDUCER T\

—— — P MECHANICAL RECORDIRG
LINKAGE PAPER

MOTION WITH TRANSDUCER
MOVEMENT -

To reposition the transducer directly over a discontinuity in a system such as shown
above, it is only necessary to move the recording head to the desired point on the re-

cording and the transducer is automatically repositioned.

Undér which of the folllowing conditions would you want to locate a discontinuity with

respect to the test surface?
To determine itsnature . . . . . . . . . . . . . . . . . DPaged4-29

To measare its dopth . . . . . . . . . . . ... . . . Page4s30
m




From page 4--27 ’ N 4-29

This was a guess, wasn't it?  You won't be able to deteyanine the exact nature of &
discoﬁﬁmzity in a specimen unless destructive methods arve used,  In other words, you
will have to use other methods for identification, Both A~ and C-scan readouts will
show you that a dis::oxltinuity exists and you can deterinine how big it is and where it
is - what it is, is another question. It may be a lamination, slag, porosity, or any

of the other possibilities.

Once you locate the discontinuity with respect to the test surface, you can then deter--
mine how deep it is within the specimen, how it is oriented with respect to the surface,

and about how large it is,

Turn to page 4-30.

From page 4-27 4-30

That's right.  When you have Tocated a discontinuity with respect to the test surface
you can determine how deep it is in the specimen.  You also can find out how it is
oriented with respect to the surface, and about how big it is.  You cannot find out

exactly what it is though, This can only be determined by other methods,

Standardization of immersion test cquipment, as with contact test equipment, is a
check we make to assure that the test instrument will provide proper response to
signals from artificial discontinuities in test blocks, This operation is performed

before each series of ultrasonic tests.

There are a number of different standardization procedures that are used depending
on the test to be conducted or even on personal preference, Following is a typical

standardization procedure, TFirst, examine this setup,

T0 TEST
INSTRUMENT = COAXIAL CABLE

P> NS
| o

”‘g/’ CARRIAGE MOTIONS 2,

CARRIAGE

Turn to page 4—31.‘
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1. First we select 2 distance amplitude tonaf blocks of the same material-as that
to he tested, or of the material prescrvibed by the acceeptance standard. Each
block should contain a 3/64-inch fint-buitom hole, one having a metal distance
corresponding to the thickness of the material to he tested; the other having

1/2 inch metal distance, These arc placed in the test tank.
\

2. We then position the transducer over the longest block, slightly off-center
and normal to the surface {perpendicular), and ohserve the reflections on
CRT. Water-travel distance is adjusted with the manipulator so that the
sccond front surface reflection occurs after the first back reflection. We
can iéentify the front surface or water-multiple 'mdications_b_y moving the
transducer up and down. . As this is done, the indications will move across thy
face of the CRT screen; the front and back surface indications will maintain
the same relationship to each other, while the water-multiple reflections will

change position relative to the front surface indication.

3. Next we adjust the transducer angle to obtain a maximum-height front sur-

face indication onthe CRT. This will indicate that the sound beam is striking

the surface of the test block squarely, Typical CRT indications are shown

in the following illustration.

WATER DISTANCE
FRONT SURFACE

INITIAL PULSE FUU-BOTTOM-HOLE

BACK REFLECTION
2ND REFLECTION - FLAT-BOTTOM HOLE

WATER MULTIPLE - 2ND FRONT SURFACE
INDICATION

4. The transducer is then moved to obtain the maximum response from the flat-

bottom hole.

Tarn to page 4-32.

From page 4-31

The test instrument sensitivity (gain) is adjusted to produce a minimum
signal strength of one full-height indication from the flai-bottom hole, plus
at least a one~half height second refiection from the flat-bottom hole. For
example: if the measured height of the first indication is 2 inches, the second
indication should be one inch. This relationship is shown in the illustration

on page 4-31.

5. Then we position the transducer over the second test block containing a metal
distance of 1/2 inch to the flat-bottom hole, and without changing instrument
adjustment, we observe whethcr‘the minimum display of one and one-half
indications {rom the flat-bottom hole has been maintained. If the combined
length of both indications from this. block are less than those obtained from

the longer block, we increase the instrument sensitivity to obtain this mini-

mum signal strength.

6. Last but not least we measure the water distance between transducer and test
block. This distance must be maintained within plus or minus 1/2 inch during

testing,

Which of the following statements most nearly describes the reason for selection of

the 2 test blocks in the above procedure?
Uniform response over full specimen thickness. . ................ Page4-33

3/64~inch flat-bottom hole is smallest to be used for comparison

with actual discontinuities . ... .............. 4., Paged-34



From page 4-32 4-33

You've right. The main reason for sclecting one block with 1/2-inch metal distance
from the front surface to the flat-bottom hole and the other with a metal distance that
appreximates the thickness of the test specimen is to check and adjust the response of

the test instrument so that it is wniform over the full range of test specimen thickness,

Now, let us assume we are checking a specimen manually and a discontinuity indication
appears on the CRT. How can the position of the discontinuity in the specimen be

determined?

If a straight beam is being used, the discontinuity will be directly below the transducer,
If the sound beam is striking the surface at an angle, we have another problem - re-
fraction of the sound beam has to be taken into consideration. Here's how you can
locate a discontinuity when the beam hits the surface at an angle. First examine this

diagram.

5° ANGLE OF INCIDENCE
DISCONTINUITY

20" ANGLE OF % \ TEST SPECIMEN
REFRACTION ~._| L~

Turn to page 4-35.

From page 4-.32 4-34

Your answir is not the best of the two available. It is true that a 3/64-inch flai-

bottom hole may bé the smallest that will be used for comparison with aciual disconti-
nujties, bhut the main reason for selecting one block with a metal distance the same as
the specimen, and the other 1/2-inch from the test surface is to adjust the instrument

so that uniform response is obtained over the full specimen thickness.

Turn to page 4-33,



From pnge 4-33 : ) 5 4-35

CRT indications during such a test might Took like thie.

FRONT SURFACE

In our illustration, the discontinuity is about 1 inch below the test surface at an angle

of 20° from where the sound beam strikes the surface,

The point at which the sound beam strikes the surface can be determined by placing a
straight-edged piece of metal (metal spoon) on the surface of the specimen and moving

it toward the area where the sound is entering the test surface.

As soon as the leading edge of the metal enters the sound beam an indication will appcar
on the CRT. This point is marked on the test surface., The same check is then per-
formed from the other 3 sides of the beam. This locates the arca in which the sound

beam enters the specimen,

It must be remembered that the discontinuity will be directly beneath the area marked
only when a straight beam is being used. Where the beam is entering the surfacé at an

angle, the amount of refraction must be taken into consideration.

Assume now that you have located the discontinuity, You wish to determine if it is at
a shallow or steep angle to the surface. If the angle of incidence is increased from 5°

to 10° and the discontinuity indication decreases, the discontinuity is . . .
ata steepangletothesurface . .. .................... e Page 4-36

shallow angletothesurface. . . ......... ... .. Page 4-37

From page 4-35 4-36

Incorrect. The maximum reflection from a discoutinuity is received when the sound
beam strikes it at a 90° angle. As the angulation changes, the amownt of reflection will
decrease since a portion of the sound beam will be reflected and not return fo the trans—
ducer. In this case, you arc increasing the angle and the amount of reflection is de-
creasing, resulting in a smaller indication on the CRT, The discontinuity is at a

shallow angle to the surface,

Turn to page 4-37,
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From page 4-306 . . 437

Good. Ar the angle of sound beam incidence is inercased the indication on the CRT
decreascs indicating that the discontinvity lies at a shallow angle to the test surface.
The added ingulation causes more of the sownd beam to be reflected away {rom the

transducer,

Before going on to the application of immersion testing, we should consider what wave

modces can be used in immersion testing,

Here, as in contact testing, straight beam testing involves only the longitudinal wave

mode, And again as in contact testing, by using the angle beam technique, sound can

be propagated in several different modes depending on the test conditions and reguire~

ments. The most common wave mode used other than longitudinal is the shear wave

mode,

From what you've learned about the different wave modes and their characteristics,

which of the following waves can not be used in immersion testing?
Plate waves ......... o wn s e e e e e .... Page4-38

BUXTRCE WAVES 5.0 va 5.5 sm s s 5o 56 96 F0 % s 66 w0 45 6 5.0 56 6.6 s Page 4-39

From page 4-37 4-38

Yow: answer is incorreet.  Plate waves can be produced in thin shects using conven-
tional immersion methods, normally using a 2-transducer tesling technique. Tt is sur-

face waves that cannot be produced in immersion testing.

Recall what you learned about surface waves in Volume' T and in this volume, You'll
remember that a surface wave can be dampened out by water, grease, your finger, or
Just about anything placed in its path on the surface of a test specimen, Therefore,
we find that in immersion festing these waves are dampened so soon after the start

of propagation that it is impossible to use them for test purposes.

Turn to page 4-39,
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From p:aps 437

Good,  You remembered that a surface wave will not propagate in water, Water causes
a dampening offect nnd o useful reflection cannot he obtained. Plate waves on the other

hand can be produced in thin sheets and used in immersion testing.

Now lelts have a short review on what you've learned about immersion testing.

Turn to puge 440,

4-40

From pagce 4-39

1. In immersion testing, the principal function of water is use as a
4. scanner tube
5, Given a choice of a 10 me or 20 me transducer, the me
transducer should be choscen for the best resolution of small discontinuities.
' 8, ahead
9. The distance from the transducer to the test specimen should be at least
equal to the thickness of the specimen plus._______ -
12. metal spoon
13. Assume that you reccive a 1-inch high front surface reflection when testing

with the sound beam striking the surface at a 90° angle (perpendicular), When

the transducer angle is changed to 20°, the front surface indication will become




4-41

couplint

1<

Onc of the main advantages of immersion festing is use of

frequencies so thet smaller discontinuities can be detected,

4-42

5. 20
6.  When using a focused transducer, you can normally expect to receive
{no) (reduced) back reflection.
[
4
9. 1/4, 1/4-inch
10. S ’ X is a check by the operator to assure that the test instrument
will provide proper response to reflections from flat-bottom holes in test blocks.
13, smaller
14, Assume a discontinuity returns a 1-inch indication on the CRT when the transducer

is at an angle of 5° to the test surface. When the angle of the transducer is
fncreased to 10°, the CRT indication decreases to 1/2-inch. This is an indication
that the discontinuity lies at a (steep) (shallow) angle with

respect to thé surface of the specimen,

2. high
3. The device used to adjust the angle of the transducer so that the sound beam
can be transmitted into a test specimen at an angle is the m
P
6. mno
7. A special application of immersion testing in which an immersion tank is
not required is referred to as the or
technique, D
10,  Standardization
11, Some automatic scanning systems are equipped with a mechanical linkage
between the C-scan recorder and the transducer to facilitate locating a
discontinuity with respect to the of the
specimen. [>
14, shallow
15, All wave modes, except_________ waves, can be produced in test

specimens with conventional immersion testing techniques,
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3.  manipulator
4, Thes t provides a mounting for the transducer
and is raised or lowered to change the water distance between the transducer
and test specimen, # )
<‘ Return to page 4-40,
frame 5,
7. bubbler {squirter),
water column
8. When a transducer is placed too close to the front surface of a test specimoen,
the second front surface reflection wi!l‘ appear (ahead) (behind)
the back reflection of t}‘m,CRT.
: G Return to page 4-40,
frame 9.
11, test (front) surface
12. When testing a specimen manually, a flat m s is
used to determine the area in which the sound beam enters the test specimen.
<] Return to page 4-40,
( frame 13,
15, surface
16. Turn fo page 5-1 for a continuation of your study on immersion testing

with emphasis on application,

CHAPTER 5 — APPLICATION OF IMMERSION TESTING 5-1 i

Before going into a few of the typical applications of immersion testing, let us consider
how it can be determined if the discontinuities found will be cause for rejection of the

specimen,

The acceptance standard will tell us, for example, that discontinuities providing a

reflection greater than that from a flat-bottom hole of certain dimensions will be
cause for rejection. Or, in other cases, if the discontinuities are of certain size and

closely~-spaced, the specimen shall be rejected.
Evaluate the discontinuities as follows:

1. Note depth of discontinuity by measurement on face of CRT.

2. the magnitude of discontinuitﬁ; indication on CRT.

3. Select a test block with hole dimension specified in the acceptance standard
that has a metal distance very nearly equal to the depth of the discontinuity.

4. Position the transducer above the test block wifh the same water distance as
used in testing the specimen,

5, Obtain an artificial discontinuity indication from the flat-bottom hole in the
test block. ’

6. Compare the height of the diseontiﬁﬁity- indication from the flat-bottom hole
with the indication from the actual discontinuity.

7. The discontinuity is rejectible if the indication is equal to or greater than

the indication from the ﬂat-—boﬁom hole.

Assume a 1-inch indication from a discontinuity and flat-bottom hole, Which is the

larger of the two?
Flat-bottom hole . ... ....... e L Iy -

DiscontinUity. . v oo v v v o v eacs v or e onsaraonscnasonsssun Page 5-3



From page 5-1 ) §5-2

Did you forget? Al any time that you receive reflections that are of equal amplitude
from a discontinuity and a {lat~bottom hole, you can always jodge the discontinuity to

be the larger. This is beeause of the nature of the two reflecting surfaces.

A flat-bottom hole has smooth reflecting surfaces and there will be little scattering of

the sound beam with the majority returned to the transducer for display on the CRT.

On the other hand, discontinuities will always be rougher than a flat~bottom hole, some

of the sound beam will scatter and not be returned to the transducer; the resulting indi-

cation will be smaller.

Turn to page 5-3,

—

From page 5-1 5-3

Excellent. You remembered that a discontinuity can always be considered to be the
larger when equal-magnitude indications are received from a discontinuity and a flat-
bottom hole. The acceptance standard takes this fact into account when it specifies

a standard for comparison,

“Tmmersion tests of large, {lat plate or sheet materials may be conducted by either the

straight or angle beam technique. And where facilities exist for automatic scanning

and recording, the straight beam technigue should be used.

If facilities do not exist for automatic scanning and recording, testing will be accom-

plished more rapidly by using the angle beam technigue and observing discontinuity

indications on the CRT.

Assume you are testing a large sheet of aluminum stock by the immersion method.
Facilities for automatic scanning and recording are not available, When using shear

wave techniques, will you scan from bne edge only or from two edges?

Two edges . ...

One edge. . . .... §OE b B W A R WK R B WA W HE o N N R B N e Page 5-5
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From page 5-3

That is correct, If you are hand-scarning a Yarge, flat aluminum sheel usiug e
angle heam (shear wave) technigue, seanning should be done Fremy twe edges. Seaming

from only one edge will not provide necessiry coverage of

n dee to Vskip
distance” as the sound beam zigzags across the shedt,

Contoured surfaces can be easily tested by immersion,  Some large ulirasonic lesting
ingtallations have facilitics for automatic scannipg of complen shapes with the aulo-
matic equipment driven by a puiched-tape machine to match the contour of the speci-
men, This assures that the water distance and transducer angulation is automatienlly

corréected to match the ché.ngo in test surface contour,

Hand scanﬁing of contoured surfaces requires the use of a hollow plastic extcﬁsion tube
on the end of the transducer. The tube is placed in contact with the test surface and
thus maintains proper distance between the t’ransducer and specimen at all times.
Where the specimen has 2 constant curvature similar to that shown in the following
illustration, the plastic tube is shaped to fit the contour of the specimen to maintain

normal incidence of the sound beam.

" TEST TANK

TEST SPECIMEN

|

The plastic tube in the above illustration provides proper spacing between the trans-

ducer and test specimen as well as proper shape to follow the contour of the specimen.

Which of the following properties of the tube deseribe the effect on the sound beam?

- Contains and directs the sound bearn . . . . ... .................. Page5-6

Highacoustic‘impedance,................................. Page 5-7

2

[5:3

Fron pege §-3 . -
o

You forgot about "skip distance,” didn't you? As the sound wave zigzags across the
sheet of aluminum between the upper and lower surfaces, it is going to skip part of the
area and you may misg some of the discontinuities. Locking at the sheet vltrazonicelly
from two of the edzes will give muek better coverage. Of course, it will be better if
you can turn the sheet over and check from two edges on the other side. We have
assumed in this case though that the sheet is not to be turned. "Two edges™ is the

correct answer.

Turn to page 5-4.




| From pagé 5-4 . Lo . . 5-6

Correet, In addition to the mechanical job of maintaining proper spacing between the
transducer and specimen and adjusting to the contour of the speeimen, the plastic tube

contains and directs the sound beam.

Two different techniques will be discussed for the testing of cylindrical-shaped speci-
mens., As an example of the first technique, we will consider the testing of ring .

forgings. -

A ring forging is positioned with its ]ongitudinal axis perpendicular so as to permit
.rotation about this axis as shown beiow. When shear wave techniques are to be used,
a notch is cut into the radial thickness of the forging and the test instrument 'sta.ndard-i
ized to reflections from the notch.

‘ LONGITUDINAL AXIS

SOUND WAVE RADIAL THICKNESS

[/%\ Rtmmou

NOTCH {SIZE GIVEN_ IN STANDARD)

. TRANSDUCER

A right-angle transducer is used to project an angle béam ‘into the forging as it is
rotated with the beam entering the specimen cpposite to the direcﬁon of rotation. And
the test instrument is adjusted to obtain a maximum indication from the notch on the
vCRT. During the test on the forging, any discontinuity indications exceeding the indi-

~ cation from the notch will be cause for rejection.

The ring is scanned from top to bottom, moving the transducer successively downward

after each revolution of the ring.

Assume a disconti%mity in a ring forging. Which of the following indications will appear
on the CRT?

Small front and back surface and dlscontinulty reflections ‘
Small front surface and discontinuity reflections . . .., . . . i Pa]gg;{ﬁ.s .

L~

From page 5-4 5-7

The plastic tube does nr;t offer a high acoustic impedance econupared with the water in
which immersed. Its fmpedance is greater than that of most of the mectals that will he
tested by this method, but it cannot be said that one of its propertics is "high accustic
impedance” since it offers only small opposition to the passage of sound waves, In

this application the plastic tube "contains and dircets” the sound beam.

Turn to page 5-6.




From page 5-6 : . ' : ' a o 5-8

Your answer is partially correet, In the test situction under consideration, the sound
bheum s striking a curved surface at an angle. In the questiion we assumed a disconti-

rity, so the following illustration portrays what is observed on the CRT,

BACK REFLECTION
FROKT SURFACE

DISCONTINUITY

pIsCoNTIvLITY

INDICATION

Turn to page 5-9.

From page 5-6 5-9

Good. This question is an adaptation of what you studied previously about the effects of
an angle beam striking o curved surface. We will receive only a small front surface

reflection and a reflection from the discontinuity,

Straight beam testing can also be applied to testing ring forgings. I this case, the
instrument is standardized by projecting the sound beam perpendicular to the surface.
Instrument sensitivity is adjusted so that the back surface indication is at least 3/4 of

the height of the CRT screen. A notch is not used in this case.

During testing, the forging is rotated while the transducer is held in a position per-
pendicular to the surface, Discontinuity indications will be conventionally displayed

on the CRT between the front and back surface indications,

The forging will normally be considered defective if discontinuity indications exceed a

percentage of the back surface indication as specified in the acceptance standard.

Select the best completion for the following statement. The process of adjusting a
test instrument to provide a controlled response under simulated test conditions is

known as . , . "

calibration . .. ... s s B E B B d B G e e e e E i We e se e POgE 5510 ~\
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‘From page 5-9 -

Nd Calibration is the periodic adjustment of an instrument in a laboratory under con-

tr(';olled conditions with the use of precisé standards. This process checks the per-

formance of all electronic circuits as well as the ;:apability of the instrument to provide

Bténdard CRT indications from calibrated reference blocks similar to the test blocks

used for standardization. .

standardization ié adjustment of a test instrument to provide a contrdlled response

under simulated ;est conditions.

R

Turn to page 5-11.

From page 5-9 5-11

Very good, The process of adjusting a test instrament to provide a controlled respouse

Round bar stock, tubing, and curved scctions of forgings may be tested using "off-
center" éczmn‘ing technigues. In this technigue, the transducer is positioned parallel
to the vertlical diameter of the test specimen but is displaced to one side of the center
as shown in the illusiration below (point B), With the erystal off-center, the test

surface is at an angle other than normal to the sound beam and refraction occurs.

-

Scanning commences from thekcenter. Point A in the above illustration, where the re-
fracted angle is zero. The tr#nsducer is thc;x indexed toward point "B until a point is
reached where the shear wave mode is refracted 80° (second critical angle). This tech-
nigue will assure that radial discontinuities will be intersected at right angles to the
face of the discontinuity so the sound will be refiected in the proper direction for dis-
play on the CRT.

When scanning with the above teéhnique, which of the following wave modes will exist

in the test specimen?

Shear-and surface WavesS . . . .« o eo v aiv s v o et e v e eaaaeana.s... Pageb-12

Long(ttgdin 1 and shear waves. . ... . ... Page5-13




From page 511 - - .. o B L b2

Your answer is incorrect. - The initial scanning pass with the transducer in the center
of the specimen will result in longitudinal waves: As the transducer moves further from
the center; the refracted a:igle will first cause longitudinal waves to exist in the speci-
men; then as it moves furfher away from the center, shear waves will be produced.
Scanning ceases at the point shear wave refraction reaches 90° (second critical angle),
the angle-at whichl surface waves are produced. Remember, surface waves are damp-

ened out by the water .couplant in immersion testing and cannot be used. Therefore,

we can say then that only longitudinal and shear waves will exist in the t,es_f»specimen

as scanning progresses from the center of the test specimen outward.

Turn to page 5-13.

From page 5-11 5-13

Right. Longitudinal and shear waves$ will exist in the test specimen as scanning pro-
gresses from the center outward, depending upon the angle of incidence at the test

surface,

Immersion testing of pipe and tubing can be accomplished on a production line basis
using cither conventional methods with the transducer immersed in water or by use of

a "bubbler™ where the sound beam is projected through a water column,

Typical ultrasonic indications that may be obtained on a CRT while testing specimens
with differeni wall thicknesses are shown below, View A shows the behavior of the
sound beam when testing thin-wall tubing, Much of the sound is reflected from the sur-
face; that which enters the specimen is trapped in the tube wall and will travel around
the circumference until it étrikes a discontinuity that will cause a reflection. When no

discontinuities are present, only a very small front surface indication will be received.

BACK SURFACE DISCONTINUITY

DISCONTINUITY IN WELD FRONT SURFACE

LLIN, MAX,
VIEW A

View B shows the sound beam entering a thicker-walled tube, Again, the sound is
trapped in the tube wall, but different reflections will occur due to the difference in
wall thickness. In tubes lalgei' than aboﬁt 0, 125" wall thickness, small front and
back sﬁrface reflections will oceur; discontinuity indications will cause a much lirger

‘indication and are readily detected.

The only difference in the above test setups and conditions that will cause the different
indications is . . . o .

. tube Wall thiCKR@SE. « . v o ivmssonesaaaneanaeaiea.... . Pageb-l4

Page 5-16
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That is correct, The only thing that causes the difference in the 2 CRT indications is

the thickness of the tube walls,

Let us look now at a method used in high speed scanning of welds in tubing. Tubing,
after welding, is passed through an ultrasonic immersion tank; holes in the ends of the

tank allow the tube to pass through, being so designed that water is retained in the tank.

The transducer is fastened to a hoider that rides on the surface of the tubing as shown
in the following illustration. The seam in the tube always occupies‘the same position .
with relation to the transducer. The sound beam strikes the surface of the tube at én
angle.producing a sound wave in the tube wall that travels around the circumference
and strikes the welded seam at right angles.

TRANSDUCER
WELD SEAM

WATER

TRANSDUCER HOLDER

GUIDED BY TUBE TANK

TUBE

¥f the weld seam contains no discontinuities, no indication will appear on the CRT, how-
ever if theré is a discontinuity, an indication will appear that is proportional in height
.to the reflecting surface. 'fhe position of this indication will not change and will be
determined by the constant distance between the transducer and seam, It is also possi-
ble to equip the testing éystem with a marking device that will automatically mark the
tube when a discontinuity indication is received, or a continuorué-strip recorder can be

used.

In this type testing the weld area only is inspected. What feature of the test instrument

will prevent unwanted discontinuity reflections being recorded?

Gate. . ..vuen. .. B mnn iy & immes nn e e S e b e s g e Page 5-15

e s e s e ees e PBgEBLY

From page 5-14 - 5-15

.

That's right. The usc of the electronic gate on the test instrument will allow us to
record only those reflections that occur in the area of the gate which will be the weld
arca. Discontinuity reflections from other areas around the circumference of the tube

can be seen on the face of the CRT, but will not be recorded since we are only interested

in the weld area.

A variation of the immersion method in testing of tubing using a "bubbler” is shown
v below, Tubes are drawn across the transducer which is positioned to allow sound

energy to enter the tube wall 90° from the welded area,

Discontinuity indications will occur under the same conditions as those deseribed when’
the fransducer and tube are immersed in water. Automatic marking and recording de-

vices may also be used with this system to designate areas of the tube that contain
discontinuities. )

TUBE SUPPORT PLATES

1 BASE ATTACHMENT
WATER INLET \ FOCUSED TRANSDUCER
VARIABLE ANGLE WATER COLUMN FIXTURE
ADJUSTABLE WATER COLUMMN ATTACHMENT
. .
4 What sort of standardizing device is used for comparison with discontinuities detected

in)m'bmg when tested by the above method ?




From page 5-13 . ) ) 5- 1§

Incorrect. The only difference is the thickness of the tube wall, In this case we are
considering that the same angle of incidence is used, I the angle of incidence is
changed there will be different effects reflected in each of the specimens, but that

- factor is not to be taken into consideration in this example,

Turn to page 5-14.

From page 5-14 5-17

The question asked what feature of the test instrument will permit vnwanted discontinu~
ity reflections to be rejected by the test instrument and not recorded. You chose
"sweep delay." This lb not correct. This feature of the insirument allows us to delay
the start of the sweep on the CRYT for a certain increment of time following this initial
pulse to allow "erasing" the water distance from the face of the CRT. We will see all
indications that are due to reflections from discontinuities around the circumference of

the tube.

If we want to record only what the sound beam detects in the weld area, we use the
electronic gate. Discontinuities occurring outside the gated area will cause reflec~
tions that we can see on the face of the CRT but, due to the gate, we will only record
indications from discontinuities within the gated area.

Turn to page 5-15.



From page 5-15 . ) ' ‘ 5-18

By turning to this page you indicute you think that test blocks are used for standardizing
_ the instrument for comparison with discontinuity indications from tubing. This is not
correct, Rcmembef what you learned about ulirasonic testing of tubing in the chapters

on contact testing? You learncd that standards are prepared by cutting notches in the

inner and outer diameter of the tube. Reflections from these notches are the standards

against which reflections from discontinuities are compared,

The size of the notches is not important at this time. This will be set forth in

acceptance standards.

Turn to page 5-19,

From page 5-15 5-19

Very good, Indications as a result of reflections from notehes in a good section of

tubing are uscd as standards to compare with reflections from discontinuities.,

The use of immersion testing techniques to test buit welds in heavy plate is illustrated
below.

FROHT SURFACE DISCONTIRUITY"

DISCONTIUITY %

When the sound beam enters the test surface at an angle, refraction will occur in the
test specimen, Small changes in the angle of incidence will cause much larger changes
in the refracted angle due to the difference in sound velocity in water and metal, It
usually is desirable in weld testing to generate shear waves in the test specimen, To

do this the transducer is tilted to an angle of incidence between 13° and 33°,

In shear wave testing, a small and poorly-defined reflection will be returned from
the entry surface. A strong reflection will be returned from vertical fissures or cracks

in the test specimen.

If the transducer is moved horizontally along the test specimen toward the weld the
discontinuity indication will move torward or away from the front surface indication
because the path of the sound wave in the specimen is made longer or shorter by mov-

ing the transducer.

Which of the following wave modes best describes the particle motion while the sound

beam is traveling through the water?
Shearwaves .. ......... woam b e s m e W e N S e o B . Page 5-20

Longitudinal waves . ................ § Sia wie e atm wimie wis i g s Pagés—zl
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Your answer is wrong. Mode con?crsinu to transform ih(- wave from longitudinal to
shear does not occur until the sound beam strikes the-entry surface of the‘ test speei~
ment. At that point it is transformed into shear waves, The sound wave travels in
_the shear mode while in thé specimen and is converted to longitudinal mode at the inter-

face before returning to the transducer for display on the CRT.

Turn to page 5~21,

g

From page 5-19 5-21

Right. The wave mode is longitudinal during the time the seund bean is traveling

through the water between the transducer and test surface,

Several methods of ultrasonic testing of spot welds ave in current usage, Only one

which uses manual techniques will be discussed in this volume,

The weld penetration technique shown in the following illustration reguires that the

sound beam be approximately the same size as the electrode tips used to fabrieate the

spot welds.

TRANSDUCER
/

‘ ‘ l ‘ ‘ SOUND BEAM APPROXIMATELY THE
FIRST SHEET ‘ ‘ ‘ ‘ /s;ze OF THE SPOT WELD

SECOND SHEET

( \ ®
p) Ao

\spo’r WELD :

This method of testing spot welds is limited to materials such as carbon steel and

NN

FORGED NUGGET

aluminum which have a change in grain size in the spot weld nugget. It can be used
in testing plate in the range of 0, 075 to 0. 250 inches thick with a frequency of 10 mc

using a focused, closed-water-column transducer,

Turn to page 5-22.



From page 5-21 ; g 5-22
: From page 5-22 5-23
i
H

When a good spot weld is tested, the pattern on the CRT will show only the double
Excellent, If the sound boum is larger than the spot weld aren, the CRT pattera will
sheet thickness as illustrated in View A, below. The atienuation of the coarse nature . .

’ : . be a combination of single~ and double-sheet reflections as shown by View B
of the forged nugget and the surface condition limit the number of sound reverberations

that will occur. As the forged nugget size decreases, the number of double shect The arcx of bonding belween two materials can be tested ultrasonically with good results,
reverberations deereases and the number of reflections from the single sheet thick- ) The following »1Ilush‘at1(m shows a technigue for use with automatic scamnivg and record-
ness increases as shown in View B, ing equipment. A focused transducer with a focal zone at the area of the bond is used
' DOUBLE SHEET THICKIESS . to test the area between the two materials. Results are printed out on a C-scan record-
ATTENUATION PATTERN . "
ing similar to the one shown which is greatly magnified.
SINGLE AND DOUBLE SHEEY TO TEST AND
THICKHESSES ATTENUATION RECORDING
..._—-/M - -
PATTERK INSTRUMENTS
X 1 R e B
e WATER T FOCUSED TRANSDUCER
B, SMALL NUGGET ‘ it
1
; [RREH
VT
MANY DOUBLE SHEET THICKNESSES \digs BOKD AREA
WITH LIMITED ATTERUATION W N
< f‘
’ / - l / \
A
MANY SINGLE SHEEY / \ A FAN

THICKNESSES WITH / I
LIMITED ATTENUATION
L : BOND AREA {MAGHIFIED)
\)/ C-SCAN RECORDING
& i i |

€. POOR PENETRATION E D, STICKWELD

If the spot weld does not create a change in grain size of the nugget area as might be

expected in a weld with poor penetration, the number of multiples of the double-sheet

Ili‘i (

5 sl
thicknesses increases and an indication similar to that shown in View C will be seen. i i}!
A stick, or paste weld will show many single sheet thicknesses as shown in View D,

: Assume you are to conduct a test of bonding. Transducers of 10 me and 20 mc are

Which of the above CRT patterns will result if the sound beam is larger than the spot available for use. Which should you select for the best resolution of lack of bond

weld area? . discontinuities?
TO I+ v e et e e e e e e e e e e Page 5-25
BODIE . ciwevu i e e e e e e e e s Page 5-26




From page 5-22 : ’ 5-24

Your selection is incorreet. Vie\& C si;ows the indication that will be received when
the weld does not penetrate and provide au ultrasonic path between the two plates. The
correct answer is "View B thch shows that there ave some double sheet reflections
mixed in with the single-sheet reﬂections. This indication is caused by‘ some of the
sound energy being reflected at the interface between the two plates, the rest being

reflected by the back boundary of the two-plate combination,

Turn to page 5-23.

From page 5-24 5-25

Your selection will not give you the best resolution of very small discontinuities. 20
me would be the best choice since wavelength will be shorter at the higher frequency.

Onc of the basic rules of ulirasonics is that the shorter the wavelength, the smaller

the discontinuily that can be delected.

Turn to page 5-26,




From page 5-24 5-26

Excellent. The higher {requency will give the best resolution of the very small discon-
tinuities such as you are looking for in checking the degree of bonding between 2

materials,

Metal to honeycomb bonding, commonly known as "honeycomb bond, " can likewise be
successfully tested with immersion testing technigues. The degree of bonding, as
well as the lack of bond, c¢an be detected since the degree of bonding is directly related

to the acoustic impedance mismateh at the interface between the two materials.

The amount of sound energy that is reflected from or transmitted through the interface
is also directly related to the degree of bonding so that variations in the quality of the
bend will be shown as variations in the amplitude of the reflected signél as illustrated

below,

ple %0 %000 e %0 % 2%
5302020 %% %: 2%
St sase s tetetese
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Which of the following conditions do the dark areas in the above C-scan recording
indicate?

Reflection from interface . ... e ettt Page 5-27

Reflection fromback surface, . .. ... .o v v i veiassvas. .. Page5-28

From puge 5-26 5-27

The dark arcas on the C-scan recording indicate points at which the bonding is good.
Right? This means that the sound beam has penetrated through the honded area to the
back surface and been reflected. In this case your sclection of an answer should have

been "reflection from back surface.

Turn to page 5-28,



From page 5-26 } g . 5-28

Gm};;‘. You are so right. The dark areas on the C-scan rocording indicate the sound
beam has penetraled the bond area and trévelcd {0 the buck surface of the specimen
beforc being reflected. In the areaé where there is no bond, the sound beam sces a
discontinuity due to the difference in acoustical impedance and is reﬂected‘back to the

transducer.

Turn to page 5-29 for a review of ‘material contained in this chapter.

5-29

From page 528

received from the bond area when the bond is {bad) (good)

1, When comparing the height of a discontinuity indication with that of an
equal magnitude indication from a flat-bottom hole, the discontinuity can
always be considered to be (\
o
4. longitudinal
5.  Assume you are festing a ring forging using an angle beam, Will you normaﬂy
expect to receive a reflection from the back surface? (Yes) (No) R
8, No
9, During production-line testing of welds in tubing, the test instrument is adjusted
so that reflections from the weld area arve the only ones that will cause a recording
or marking device to be actuated. Theg elrcuit in the instrument
provides this feature, [>
12, 20
13, When testing bonding between 2 materials, a strong CRT indication will be
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1. larger
9. Immersion lests of large, flat plate or sheet materials may be conducted using
either straight beam or angle beam techniques. The _beam tech~
nique is usually preferrved when automatic scanning and recording equipment is
used, while the beam technique is faster when scanning a test {>
specimén manually. E
5. No
6. Angle beam immersion testing, like angle beam contact testing, requires the use
of T n to evaluate discontinuities in ring
forgings, piping, and tubing. \
$
9. gate (gating)
10.  When testing a spot weld with a sound beam that is the same size as the weld
nugget, a CRT pattern that shows sheet thickness will be displayed. If the
weld is good, will the pattern indicate {doublé) (single)Msheet
thickness?
13. bad
14, A C-scan recordmg of gocd quality honeycomb bond will provide a "photograph”

of the scanned area that shows a series of well-defined patterns where the
honeycomb core is bcmded to the surface material An area of good bond is

characterized by.

{reflection) (transmission) at the [

interface.

5-31
2. straight, angle
3, Hand scanningr of contourcd surfaces using iimmersion techniques reguires use
of a plastic extension tube on the end of the transducer. The tube is necessary
to assure that the w d is the same at all
test points, [>
6. reference notches
7. When testing a ring forging using the straight beam technique, the forging is
considered defective if any discontinuity indication exceeds a specified per-
centage of the reflection as given in the
acceptance standard. l
"
16, double
11, A small and poorly-defined reflection is returned from the entry surface of
a test specimen when using _beam immersion methods.
14, transmission
15, Now turn to page 6-1 for a discussion on irrelevant indications.
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3. water distance
4, Particle motion when the sound beam is travohngg through water between
the transducer and test specimen is al\vays‘ inthe . mode,
<J Return to page 5-29,
frame 5.
7. back surface
. 8. Different CRT indications can be expected when testing tubing with thin walls
than those obtained from tubing with thick walls. Assume thin-wall tubing is
being tested with an angle beam. Will you expéct to see a reflection from the
back surface? (Yes) (No) ] Return to page 5-29,
frame 8.
11, angle
12, Assume a test of bonding between 2 materials is to be made, A choice of 10 me

and 20 me transducers is available, The best resolution of lack of bond dis-

me transducer is used.

G Return to page 5-29,
frame 13.

continuities will be obtained if the

CHAPTER 6 — IRRELEVANT INDICATIONS 6-1

So far in your study of ultrasonic testing we h:i\"t" considered the technigues to be used
in testing materials of various shapes and composition and have learned whr}l. may be
expected in the way of CRT indications when discentinuities are encountered in test
specimens. In practice, the indications on the CRT are not as simple as may have
been suggested, Many CRT indications aré caused from secondary influences from
the test ins{rument and the test specimen. We need to know the existence of these,
what they look like on the CRT, and to disregard them in evaluating the results of

ultrasonic testing.

The indications that may be caused by secondary influences are divided into 7 classes,-

as follows:

o Electrical interference.

¢ Interference from the transducer,

e Interference from the surface of the test specimen,

o Interference caused by refraction of the sound beam.
¢ Interference caused by the shape of the test specimen.
¢ Interference caused by material structure,

¢ Accidental interference,

The first 2 classes are caused by malfunctions in the test instrumeﬁt; the remainder
are inherent in the ultrasonic test method, The type of CRT indications that may be
expected from each of the many possible "irrelevant indications” will be explained

and illustrated on succeeding pages.

Turn to page 6-2.



From pagt G-1 ) ) 6-2

Falsc indicutions resultinvg from electrical interfercnee can be due to the effects of

noise, power supply, or reverberations in the test specimen.

Noise can be recognized as a verlical broadening of the horizontal sweep line on the
CRT. This can be caused‘ by poor clectrical contact in the plugs and receptacles that
interconnect the transducer and test instrument, poor electrical contact beiween the
coaxial cable and terminating plugs, or poor electrical contact within the amplifier

circuits in the test instrument.

The indication from noise effects is much the same as the noise that can result from
test specimens with relatively coarse grain structures. You learned in Volume IT that
this type of noise can be eliminated on instruments with a REJECT control by moving

the horizontal sweep line vertically on the face of the CRT.

If the noise indication is caused by electrical interference, moving the sweep line

vertically by use of the REJECT control will have no effect in eliminating the noise.

Noise conditions that are due to poor electrical contact in connections exterior to the
test instrument case can usually he corrected by cleaning the electrical plugs and

receptacles,

Electrical noise effects are similar to noise that can be caused by the test specimen,
When noise indications are received, your first step in isolating and correcting the

cause of the noise should be . . .
determine if caused by instrument or specimen .. .. ... ... Page 6-3

check and clean the electrical plugs and receptacles . ... .. B Page 6-4

ar

From page G- 2 6-3

That's right.  When you reecvive noise cficets on the CRT, first determine if the source
is the specimen or the instrument. T the jnstrument is so equipped, operate the
REJECT contral to move the horizontal trace vertieally. I in the specimen, the noise
indicaticn will disappear; if in the instrument, it will remain, If the instrument does
not have reject capability, 1ift the transducer from the test specimen.  The noise indi-
cation will disappear if causced by the specimen, but will remain if the instrument is

defeetive.

An apparent discontinuity indication that is moving in a horizontal planc along the CRT
trace is caused by the main eleetrical power supply, probably due to other industrial
equipmcﬁt. This problem éan also be caused by a defective thyratron (gas filled) tube
in the test instrument. This is the tube that generates the ultrasonic pulse. This
indication can be distinguished from a discontinuity since it is irregular and not

synchronized with the time base.

Select the best completion for the following statement.  The first step in isolating the

cause of a moving indication on the CRT trace should be . . .
test the thyratrontube . ... ... ... ... . o nE W BEEB PR W e Page 6-5
connect to a different electrical power cireuit ... ... ... 0o Page 6-6

i g o . e



From page 6-2 6-4
What if the noize is caused by the test specimen? I so, you might be geing to a lot of

troublc for nothing.

First, vou should detevmine if the noise is éoming {from the speeimen or the test instru-
ment, This can be iselated in one of two ways (1) if the instrumoent has a REJECT
conirol, move the CRT trace vertically and if the noise disappears, the instrument is
opemting satigl‘uqtorily, and (2) if there is no REJECT control, lift the transducer off
the test specimen. The noise will disappear if the instrument is not defective.

Once the trouble is isolated to the test instrument, proceed to check and clean the

elecirical plugs and receptacles.

Turn to page 6-3.

From pagc 6-3 6-5

\ The most practical first step to be taken i you cpeounter a moving indication on
No. P i ¥ g

the ORI will be to disconnect the test instrument and try it out on a diffexent electricel

power circuit. If the problem is caused by industrial cquipment that is connected to the
first circuit, the indication will disappear when comnection is made to a different civ-
cuit. If the test instrument is defective, the moving indication will remain regardless
of which clectrical circuit is used. When this is determined, the trouble can be iso-~

lated in the instrument.

Turn to page 6-6.
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Right. The fivst step in isolating the source of electrical interference rvesulting in a

moving indication on the CRT should be to determine if ﬂiu trouble is in the main elec~

trical power source. If connection to a different electrical circuit has no effect on the

indication, then the test instrument can be checked and repairved.

Another cause of electrical_j.nterférence is "reverberation (re-ccho)" in the test speci-
men. This can be caused when materials with a very low atienuation are being exam-
ined. This interference is caused by the test specimen not absorbing the initial sound
pulse before the next pulse is transmitted. » The result will be aéparent discontinuity

indications that are synchronized with the sweep line or time base.

These disturbances camot be omitted completely but can be reduced to the point that
correct interpretation of valid disconfinuities is possible by reducing the gain of the

amplifier in the test instrument.

Interference caused by electrical cdonditions will interfere with proper evaluation of
reflections from discontinuities. The effects of this interference can be controlled by

the ultrasonic operator.
FAIBE wvis wo wnms wn w0 mid i wis siniore ww ww Sw v mw ok wE e e b b Page 6-7

TEUC oo moix aiw aiise wievinin mg win e mils ¥ile mis iy wiin e @06 w5 9iis %n w8 min 8 Page 6-8
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From page 6-6 ' 6-7

Sorry, but you are wrong. Electrical interference is caused by the ultrasonic test

equipment. If it is defeetive, many of the faults can be corrected by the operator, or

he can isolate the trouble to determine that it is definitely in the lest instrument.

Turn to page 6-8.




From pape 6-6 - 6-8

Correcl. The effects of clectrical interference can be controlled by the ultrasonic

operator.

The next and last irrelevant indication that results from a malfunction in the testing
system is due to a loose or defective crystal. This unwanted indication is character-
ized by a prolonged ringing which widens the initial pulse as shown in the below illustra-
tion. View A shows ﬁle front surface indication that should be expected from a good
transducer; View B shows the type of indication that will result if the crystal should
happen to become loose in its holder. The prolonged ringing effect will result in very

little capability of the instrument to detect discontinuities.

VIEW A ‘ VIEW 8

What is the main advantage of a narrow initial pulse?
Better "near surface” resolution .. .......... ... i Page 6-9

Better penetratingpower. . . ... ... .. i i i Page 6-11

i
i
]

Fromkpnge 6-8 6-9

You're correct.  The main advantage of a narrow initial pulse of sound is detection

of discontinuities close to the surface of the test specimen,

During angle beam contact testing, using angle wedges, a certain amount of unwanted
reflections are received from the wedge. Reflections within a typical wedge are shown

in the illustration below.

LUCITE WEDGE —

TRANSDUCER

Ordinarily, a portion of the energy from the transcucer is reflected at the interface
vetween the wedge and test specimen, away from the transducer. A small amount of
the reilected energy w_il'l return to the transducer, and be displayed on the CRT. The
use ci Lucite for construction, and shaping wedges properiy, causcs a maximu:
amount of sound attenuation so that the amount actually dispiayed on the CRT is negli-

gible immediately following the initial pulse as shown below,

IHITIAL PULSE 58 1
weoGe A

REFLECTION —

The disturbance due to reflections in the angle wedge can be identified easily by the
ultrasonic operator, When the transducer with angle wedge is lifted off the test speci-

men this unwanted indication will still be present on the CRT.
What can you do to eliminate unwanted reflections from the angle wedge?
Nothing . .. i i i e et ... Page6-10

Experiment with differént angles of ineiderce . .. ... .. ........... Page6-12




From page 6-9 ' : 6-10 |

That is correct. There is nothing you can do to eliminate the small reflections from

the interface between the angle wedge and the surface of the test specimen, These

reflections are inherent to the angle beam method of contact testing, Once it is under-

stood that they will always be present there will be no difficulty in evaluating reflection

from actual discontinuities.

The surface of the test specimen can cause unwanted reflections that must be under-

stood when evaluatingv’indications that appear on the face of the CRT.

When using straight beam test techniques with 2 transducers, one a transmitter and
one a receiver, it is possible to have a small surface wave component of the sound
beam transmitted to the recciver as shown in the illustration below. This type of
unwanted reflection can be recognized casily. When the distance between the trans-
mitting and receiving transducers is increaséd, the apparent discontinuity indication

will move away from the initial pulse on the CRT.

INITIAL PULSE

TRANSMITTER RECEIVER

. SURFACE WAVE
INDICATION

This type of irrelevant surface indication is most likely to occur when the surface of
the test specimen is curved. It can be reduced by using rubberized nylon or other

plastic-sheet materials as a couplant between the transducers and test specimen.
What is the advantage of using a plastic-type solid material as a couplant?
To provide a smoother Vsurface ............................. Page 6-1¢

To provide a better acoustic impedance match . .. ................ Page 6-14

From pagce 6-8 ' - 6-11

Sorry. You answer is not correct. Penetrating power is proportional to the amount
of energy in the transmitted beam, there being more power in a longer pulse than a

short one,

Remember. A short pulse will provide better resolution of discontinuitics close to
the surface of the test specimen, And a short pulse camnol be obtained if the {rans-

ducer crystal is loose.

Turn to page 6-9,




.

From page 6-9 " : o 612

Nothing can be gained by experimenting with different angles of incidence - that is, -
using different wedge angles, The reflections from the interface between the wedge
and test speeimen will always be present to a certain degree during angle beam testing
by the contact method. However, they will ereate no problems once it is realized that

this is an ever-present phenomena.

Turn to page 6-10,

From page 6-10 6-13

You seem to have forgotien the purpose of a couplant in contact testing.

A couplant serves the purpose of excluding air between the transducer and surface
of the test specimen so that there will be a maximum transfer of sound energy from
one to the other. A liquid couplant is normally used, but in certain specialized

applications it is more advantageous to usc a solid material such as rubber, plastic,

etc. A -couplant also serves as a medium to match the acoustic impedance of the

transducer and test specimen. Ideally, we can have the maximum transfer of

sound energy when the impedances are equal.

Turn to page 6-14,




From page 6-10

6-14

That's right. n the application cited, the plastic-type material used as a couplant

will provide for a better impedance mateh between the transducer and test specimen.

This reduces the possibhility of generating unwantied surface waves,

Surface waves generated during straight beam testing can also cause unwanted irrele-

vant indications when they reflect from the edge of a test specimen as shown below.
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A small surface wave component is transmitted in all directions from the transducer.

When the transducer is close to an edge of the specimen a reflection will be chtained

that may be interpreted as a discontinuity. This type of irrelevant indication can be

detected by moving the transducer. Movement of the transducer will cause a surface

wave indication to move across the CRT screen with the movement of the transducer.,

s the following statement true or false? It will not be possible to detect discontinuities

if the transducer is close enough to the edge of the test specimen that spurious surface

wave indications are received,

Page 6-15

Page 6-16

From page 6-14 ' 6-15

Your answer is not correet, It will be possible to detect discontinuities in the presence
of unwanted surface wave indications, Once the spuricus indication is identified as
such, we can disregard it and look only for other indicaticns. There will be many
occasions when indications are present on the CRT screen which are meaningless

insofar as detection of discontinuities is concerncd. The correct answer is "false”.

Turn to page 6-16,



From page 6-14 o 6-16

Very good. It will very definitely be possible to loeate discontinuitics in the presence
of these unwanted surface wave indications. Once the indication is identificd as
coming from the edge of the specimen, you can disrcgard it and look for discontinuities

within the specimen,

You will recall that surface waves may be used to detect surface cracks in test
specimens.  Not all reflections that are received from these unwanted surface waves

are spurious indications. Some will reveal actual discontinuities.

A

Az~ that you are testing with shear waves using angle beam techniques, A small
surface wave component will be gencrated as shown in the illustration below. A

suriace crack will cause reflection and display of an indication on the CRT screen.
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Yo eon Aotermine if the reflection is from a surface wave by running a finger aloﬂé
tke ~urface in front of the transducer, If the reflection is due to surface waves, the

wave will be damped by your finger. To determine crack location, move the transducer

At that noint. the transducer wedge center line is directly over the crack.

Tindew which of the following conditions of angled sound beam transmission do you

oo =~1ld be more likely to generate a surface wave component ?
Smail aigle of incidence .. .......... se mE ME s e s we we w me  PAEE 6-1T

p gleofincidence . ... . . i i i ve... Page6-18

From page 6-10 - 6-17

Your answer i€ not correct. At a small angle of incideace the sound beam will strike
the surface of the test specimen cleser io the perpendicular and there will be less
refraction than if « lorger angle is used.  Whea there is least refraction, the small
surface wave component will be Teast.  As the angle of incidence is increased, the
surfuce wave component will increase until the second Vcritica! angle is reached when

the refracted beam is composed entirely of surface waves in the test specimen,

Turn to page 6-18,



From page 6-16 . ’ = 6-18

Right. A surface wave component is more 1ikely to be genevated duving angle beam

testing if you are using a Jarge angle of incidence.

Unwanted surface wave components of the sound beam in the test specimen can also
cause irrelevant indications on the CRT when the surface is rough. The surface of the

test specimen may have been machined, but if surface grooves or machining marks

exist and the distance between them happens to correspond to one wavelength of the

surface wave component, reflection will occur and result in apparent discontinuity

indications on the CRT.

These unwanted surface wave reflections again can be distinguished from valid dis-
continuity indications by running your finger along the test surface. If the indication

is caused by surface waves, the waves will be damped by your finger and the indication

 reduced or cancelled.

Which of the following actions should be taken when testing a rough-machined specimen
and a known irrelevant indication due to surface waves is received? Assume2 dis-

cernible back reflection is obtained on the CRT.
Proceed withthe test . . .. oot it in ittt e an s Page 6-19

Grindthe SUTfAce. . v v v vttt vt s st s e nsenoonsocnosasnanssss Page 6-20

From page 6-18 6-19

Correct.  Surface grinding should not be done if sufficient sound cnergy is being trans-
mitted into the specimen to obtain a back reflection. The surface wave reflection is
identified as irrelevant, so it can be disregarded and the specimen tested for valid

discontinuities,

Unwanted reflections f;an occur as a result of "mode conversion” in the test specimen,
"Refraction™ and "reflection™ can occur any time a sound beam strikes an interface
between 2 mediums at an angle other than 90°. You learned in Volume T that when
this happens, as shown in the following illustration, the reflccied beam inside the
specimen will have both a 1o_ngitudina1 and shear component. The shear wave com-

ponent can, at times, cause additional indications on the CRT screen.
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In the example shown above a long bar is being tested. The reflected shear waves
travel a longer distance than the longitudinal waves and, for this reason, will appear
on the screen following the back reflection and at regular intervals. They can be
disregarded in evaluating discontinuity indications that occur between the front and

back surface indications.

Proper transducer selection will assist in reducing unwanted reflections such as those
shown above. Which of the following transducers at a given frequency will give less

beam spread?

Small transducer . .. ..




From page G-18 ) ) . 6-20

Your answer is not the best of the 2 possibilities. When a back reflection is received,
you know enough sound energy is being transmitted into the specimen to locate a dis-

continuity if one is present, ’

The irrelevant indication from the surface wave shounld be disregardc-d and the test
continued. Under conditions where irrelevant indications clutter the CRT to the extent
that valid indications cannot be distinguished, you may have to smooth the surface.

However, don't resort to this unless absolutely necessary.

Turn to page 6-19,
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From page 6-19 6-21

Your selection is wrong., A small transducer produces more beam spread than a
Jarge one at a given frequency.  In this case, selection of a large transducer will

provide o sharper beam and the amount of internal reflection will be reduced,

Turn to page 6-22.



From page 6-19 : ‘ 6-22
Correct. A large transducer will give you a sharper beam., With the sharper beam,
unwanted internal reflection will be reduced.

Apparent discontinuity indications can be caused by reflection in irregularly shaped

test specimens such as are illustrated below,

VIEW A VIEW B

The possibility of reflections from fillets and corners must be taken into consideration
when testing castings such as is shown in View A, above. Specimens with internal

bore holes will also provide spurious indications as shown by View B.

When testing specimens such as those illustrated the operator should examine the
““drawing for the article and select the point for making the test that will give the least

amount of unwanted reflections,

Suppose a test of an irregular-shaped épecimen is being conducted. Which of the
following actions should we take to confirm that-an apparent discontinuity is actual or

due to a reflection from a corner?

Test from a different part of the surface .. ... ..vuunnvnnan.. .. .. Page 6-23

~Useshearwavetechniques........,.....'.................. Page 6~24

From page 6-22 £-23

That's right. The operator should make a test from another location on the surface of
the specimen in an effort to evaluate the indication as being either from an actual dis-

continuity or from a corner of the specimen,

Additional reflections following the back surface echo can occur when tests are being
made on cylindrical specimens, especially when the face of the fransducer is not
curved to fit the form of the spceimen as shown in the following illustration,
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The beam spread of a sound wave derends on the size of the transmitting area of the
transducer. When a flat transducer is placed on a curved surface, the transmitting
area is very small and the beam spread will be practically 180°. Additional reflections

will occur after the first back reflection. These reflections will occur sooner and

“more frequently with a smooth test surface. On a rough surface such as a casting,

the roughness of the surface will scatter the sound and the additional refiections may

not be noticed.

This type of spurious indication can be identified easily since the same iype of indica-
tion will occur all along the length of the cylindrical specimen. Reflections from dis-
continuities, on the oth<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>