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INTRODUCTION

This is the third and final volume of the series ~truetlolrim.lldbOOks

on ultrasonic~sting. Before proceeding, it is assumed that you have completed. '-

Volumes I and II and their prerequisites.

The preceding volumes on ultrasonic testing were devoted to teaching the basic theory

and principles of ultrasonics and describing the various types of test equipment and 'lC

cessories used. Now, in Volume m, you will learn the procedures that are followed in

the selectIon of ultrasonic test equipment. methods, and techniques. You are taught the

advantages and limitations of the different test methods and the conditions governing the

selection of the equipment, transducers. test frequency, and couplants. You are taught

bow to "standardize" the equipment and test different materials, e. g., plate, forgings.

and castings ••• using both the oontact and immersion test methods. You'll learn

several specialized techniques, e.g., the testing of weldments, piping, and tubing. And

finalJy you will learn how to use resonance equipment in thickness measuring, corrosion

testing, and in locating large laminar discontinuities or lack of bond.



CHAPTER 1- ULTRASONIC EQUIPMENT AND METHOD SET,JECTION 1-1

IN$I'RUC1JONS

The pages in this book should not be.readconsecutively as in a conventional book. You

wilJ be guidedthrongh the book as you read. For example.· after reading page 3-;1.2,

• 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 yon think is

correct and turn to 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 bo'ok 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.

,.

So far in your study of ultrasonic 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) through transmission,

and (3) resonance.

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

view best illustrates the principles of pulse-echo testing?

View A

ViewB

View C"

.. . .. . . ... .. ... .. .. .. .. .. .. .. '" .. .. .. ., .. .. .. .. ... .. .. . .. .. .. ~ .. .. .. ~ ., .. ~ .. .. .. .. .. "

................ to "," ' '" .. II! " fl " , !t ..

.......................... It to "' 11 • ..

page 1-2

Page 1-4

...



From page 1-:-1 1-2 , From page 1-1 1-3

TRANSDUCER

TEST SPECIMEN

VIEW A

First let's take another look at View A.

Turn to page 1-2.

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

View B shows the throulfh transmission system using 2 transducers, ' one as a trans

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

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.

~----.. no EACH CIRcumPOWER
-SUPPLY

Right. View A best illustrates the principles of pulse_echo testing.

Now, let's r~cal1 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 b~c~,.t9 the transducer. The trans

ducer converts the souildvibrations to electi:lcal vibrations and the reflected pulse is

'displayed on a cathode-ray tube (CRT).

A-SCAN'PULSE-£CHO SYSTEM - BLOCK DIAGRAM

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

generated.

Short pulses of ultrasonic sound ..•. . ... Page 1-5

Continuous ultrasonic sotIDd...••. , ..•.. , ; ......•••.. ', .•..... Page 1:-7



. Frompnge 1-1 1-4 From page 1-2 1-5

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

. 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 tlje preSence of discontinuities. Now. doesn't View A best illustrate this principle?

Yes.

INITIAL' .,' ,

PUl"f ~,' ~,I~~,CO:Ti~NUI~TYTRANSDUCER TESfTSPECl,MEN

~,"'~ BACK SURFACE.' ..INDICATION ~ _

(:,\-.lL-.LJL-/' .""-- _ =--_-_
..~. ...

VIEW A

Turn to page 1-2.

Good. You remembered that when using pulse-echo equipment shod pulses of ultra

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
. / .!.

gbR7~:t=:~-:~t¥~rR
.,..... ------ _!--/ .

The transmitted sound can be either continuous or pulsed. And the presence of a cis

.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 . . • • . . • .. P~ 1-6

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



From page 1-'5

)

1-6 From page 1-2

jr'

1-7

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

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.

~·E¥·81~B ,.~
flJNDAMENTAl 1ST HARMONIC 2ND HARMONIC • 3RD HARMONIC

VARIABLE
FREQUENCY
OSCILLATOR

I
TUNER (0 COUPLANT

SPECIMEN

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.

T :: THICKNESS
A:i: 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 correctthickness. When the thickness T, shown above, is exactly equal to one

half or multiples of the wavelength of the ultrasonic energy, the test specimen w1l1

resonate and cause a loading effect on the trlmsducer. And it is this loading effect

tbatts used to tell us something about the specimen under test.

Select the best completion for the following statement.

The resonance method of ultrasonic testing uses theprlncIple of .

recordIng echoes from the opposite surface .........•.... " Page 1.;.9

standing wa.ves of sound energy.•..•..... ~ ..•.••.•.•........•.. pagel-l0
~)



From page 1-5 1-8 . Frompttge 1-6 1-9

Your seh'cUon 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 energy into a test specimen and one for receiving sound energy which may

or may not have been modific.d .by the internal characteristics of the test specimen.

Remember. Sound reflections are.I!.Qt 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.

r--

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 surfa.ce of a test specimen. ThiB

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 satisfied 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 oi' a multiple ther.eof, 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.

.. )
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1-11

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~ely cause all the sound

energy 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~ provides a good impedance match between the two;

By turning to this page you have indicated that you think contact testing means placing

the transducer in direct contact with the test specimen.

From page 1-10

- "Turn to page 1-12,

(
' .. ~~

1-10

---~_.. "",
L- ~_~-...J.DISCONTINUITY

You'll recall that ultrasonic' testing may be further classified as either contact or

inimersion testing. Whether a test is to be contact or immersion depends on many

factors,aU of which you will learn in this volume. Right now let us take a look at

contact testing as illustrated below.

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

standing waves of sound energy in the test specimen.

TEST SPECIMEN

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 From page 1-12· 1-13

Fine', By contact testing, we mean the transducer i·s. coupled to the test specimen

through a thin layer of couplant.

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

as the coupbnt. There are many other significant differences between contact and

--'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 application. You could say

.~Lultrasonictesting ...

immersion testing. However. for the purpose of tMs brief review, as long as you

understand that the primary difference is the couplant, you are ready to proceed to the

application of the techniques that have been developed for testing materials of various

composition and shape.

• High sensitivity permitting detection of small defects.

• Great penetrating power allowing examination of very thick materials.

• Accuracy in determination of discontinuity position and size.

• Fast response permitting rapid and automated testing.

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

Page 1-15replaces most 'other nondestructive testing methods.

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. . .

TEST INSTRUMENT

Now that you have reviewed and understand the basic elements required in contact test

ing, let useontinue to the immersion testing method which is widely used in industry.

In immersion testing, the test specimen 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 is attached to an overhead fixture as

indicated in the illustration below.

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.

is another nondestructive testing method that may be selected depending

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

Select the best completion for the' following statement.

In immersion testing, an oil couplant ..

ianot required .. , ........•.

is required . . . . . . . . • . . , ...•..

Page 1-13

Page 1-14

)



)

From page 1-12
From page 1-13 1-15

No. In immersion testing, with the test specimen and transducer both immersed in a

tank of liquid, it is not necessary to· apply a couplant material to the face of the trans:::

ducer. The liquid provides the necessary coupling and impedance match betwccn 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 1-13.

Wrong. IDtrasonic testing does not replace oHler 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 foHows will clear up

this point.

Turn to page 1-16.



Froni. page 1-13 1-16
From page 1-16 1-17

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 xequirements

of the test to be performed.

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

uSe of ultrasonics. Test conditions that may limit the application of ultrasonic methods

are,

• Unfavorable geometry of the test specimen, 1. e., size, contour, complexity,

and orientation of defects.

Incorrect. Instrument number 1 has the best reso]ut~. 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.

. • Undesirable internal structure, 1. 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 II 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 capable 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. . .

Turn to page 1-18.
..,..<'-

sensitivity. ,

resolution.

Page 1-17

Page 1-18

~)



Fro1fl PUgc 1..:16 1-18 From page 1-18 1-19

An l'xC'·tl('lIt choice. The "resolution" of instrument number 1 is the better of the two

since' It ('fHl detect discontinuities that are closer together than can instrument number

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

2.

"grass", "hash", or "metal noise".

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 possible for us

to test thicker specimens than if we were using pulse-echo. The principle disadvan

tage of through transmission testing i8- the requirement that the transmitting and re

cehrfng transducers have to be precisely oriented or aligned on the test specimen

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

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 specific information

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

not be distinguishable because of thc excessive "metal noise" or "grass" shuwn on tht'

screen. High attenuation and rough surface conditions are also factors that can limit

the use of ultrasonic test equipment.

Page 1-20

Page 1-19

VIEWSVIEW A

View B........•..... ; .....•.................

View A .•••••••••.

Anotlwr Important factoraffeeting "defect detectibility" is thc"noise discrimination"

of the' tl·~~t instrument in use. Noise dis~rimination is defined as the capability of the

test in:;lt'ument to discriminate between signals from discontinuities and unwanted

signals of ('Hher electrical or acoustical nature. These Unwanted signalscotild be

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

grain 817.C, porosity, and inclusion content. Signals appear as spurious indication.s,

Which of tht' follOWing CRT patterns indicates another form of nondestructive testing

should be used?

surface rouglmcss 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 ................•... Page 1-21.

Pulse-echo .... : . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Page 1-22



From page 1-18 1-20 From page 1-19 1-21

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.

YoutH recall that spurious indications and metal noise were briefly discussed in

Volume 1. And the various CRT screen patterns were presented. We fOlmd from these

patterns it ' ...as easy to have a discontinuity go undetected because of the many 'multiple

reflections appearing on the se-reen. 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.

)

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 best.

Turn to page 1-22.
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Which of the following systems would you use to measure the thickness of a thin

specimen with parallel surfaces?

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, delaminatio.n, 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 Q~ resonance testing is that as material

thickness increases, accuracy decreases. Surface taper may also reduce resonance

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.
TRANSOUCER

COUPLANT

TEST SPECIMEN

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

testing.

specimens.

Right. You would use 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

Page 1-23

Page 1-25Pulse-echo .

Resonance, ..

One of the main advantages is flexibility of location. This portahility allows the test

equipmentto be taken to the material or products to be tested. Other advantag-es of

contact testing Include, . .

• A minimum of test instrumentation and accessorieS are required.

• Capability for surface wave testing.

• Deeper penetration power.

• Ability to test very large specimens.

From a review of the advantages of contact testing, it is obvious that this method in

general does not lend itself to automatic scanning and recording such as might be

required in production line testing,

True ............•................ , , Page 1-24

~J False •.......•.. ', .. ~,

~)

Page 1-26
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Correct. In the contact testing method, the tr~ms(hieerBlust be scanned over the

spedmcn usually by hano, or spot readings takcn 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 ean say that this is

a disadvantage of contact testing.

Other limitations of contact testing are.

• 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.

• 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.

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

than immersion testing due to CRT saturation by the inltialpulse. This limits

the near surface detection or resolution of discontinuities.

• Transducer angulation cannot be varied continuously as is possible in immer

sion testing exc~pt 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 ...

. ~

Incorrect. For measuring the thickness of a relatively thin specimt:'1l wi th parallel

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

tIle 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.

lack of near surface resolution .

difficulty in maintaining uniform acoustical coupling.

. . Page 1-27

. . Page 1-28



Turn to page 1-24.

From your selection of a "falsc" 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.

1-27
From page 1-23 1-26

From page 1-24

One of the disadvantages of contact testing is lack of ncar slirface resolution ",;hich

means that discontinuities cannot be detected on the surface or just beneath the sur

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

instrument.

However. 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 spcc1men.

Turn to page 1-28.
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Excellent. You have correctly selected as til(! main disadvantage of contact testing the

difficulty encountered in maintainfug uniIonn 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 results. The lack of uniform acoustical coupling is

caused primarily by the operator 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.

Right. The immersion test method does lcod 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 disad:vantages are. . .

Now let's take a look at the advantages and disadvantages of immersion testing.
• A large number of accessories are required.

Immersion method. . • • . . . .. . • . . . . . . . . . . . . . . . . . . . . . . . . .. Page 1-32

• 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?

Page 1-31

• A large amount of sound energy is reflected at the waterItest specimen inter

face thus reducing indication -amplitude.

Contact method . . . . . • . . . . . . . . . • . . . .

TEST INSTRUMENT
IMMERSION TANK

The principle advantages of immersion testing are. ...

• 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.

• Ability to scan irregular-shaped test specimens.

• Better near surface resolution of discontinuities.

Does the Immersion method lend itself to automatic scanning and recording?

Yes '.' . . . . . Page 1-29

No ;- ~ • . . . . . . . . . . . . • . . • . . . • . . . . . Page 1-30 ........
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·-

1-30 From page 1-29 1-31

You an' incorrect when you say the immersion method does not lend itself to automatic

scanning nnd recording. It does. In fact, most automated ultrasonic systems usc the

ii11ml~rsion method or a variation thereof.

Letts recall the typical test sctupnscd in immersion testing. It includes the test

instrument, immersion tank, and a manipulator supported by the carriage. The trans

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

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

operated unit, can not a transducer be set up to automatically scan a test specimen?

Yes. And a recording can be made of the scanning operation using a C-scan recorder.,

Turn to page 1-29.

Very good. Contact testing would most likely be tlll' best method to use when testing

in the field. The immersion method would be bL'ttl'1' in the shop or on a production line,

depending on the test requirements.

As you can see from tIle preceding discussions, there are many variables to be con

sidered in ultrasonic testing, some of which are controlled by the operator and some

by the inspection problem itself.

In the selection of equipment the operator determines the type of instrument to be used

and the type and size of transducer to be employed. Once the equipment has been

selected, the operator controls all the variables of equipment operation. And the

equipment operation variables can be classed as those relating to technique and

control- 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-controHed variables can affect the results obtained from the test.

Variables controlled by the ultra.sonic operator a.re. . .

equipment selection and operation .........•......... . ..... Page 1-33

test specimen and transducer to be used Page 1-34
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From page 1-31

Incorrect. The immersion method does not lend itself very well to field testing. This

is due largely to tIle number of accessories required and bulky cquJpment ... 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 man.ipulator, etc. Remember,

portability is one of the main advantages of contact testing.

Turn to page 1-31.

You are correct. The operator controls the selectlon of equipment-and equipment

operation. As you will see later in the discusslon oJ ultrasonIc acceptance standards,

we will have some help In this selection, but still a lot oJ 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.

C\I Acoustic impedance of the material.

• Shape of the specimen and surface condition.

• 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 depends on. . .

• Depth of discontinuity in the test specimen.

• Size and shape of discontinuity.

• Acoustic im~dance of discontinuity in relation to that of the test specimen.

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

Given a particular test specimen, which of the following may be modified ~)' the

operator?

Shape of the specimen

Adjustment of the test instrument •...•....•................

Page 1-35

Page 1-36
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Wrong. The operator does control selection of the transducer to be used but does not

have any control over the lest .§Recimen. His assignment to perform an ultrasonic test

on a particular specinwn or group or specimens is a fixed quantity and cannot be con

trolled by him.

Turn to page 1-33.

Incorrect. A test specimen may be of an· infinite IHll1lber of shapes and sizes. If you

were the ultrasonic test operator and modified tht' shape of the specimen before making

a test, you would be approaching the field of dcstructh-c testing, rather tllan 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 IT 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.
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Excelltml. You have cori'ectly deduced that an ultrasonic test operator can adjust

only the tl'8t instrument controls to obtain a belter response or CRT presentation.

About tIlt' only modHication au 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 rotlgh that testing is .impractical.

Now that you understand ihere 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..•

• 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 discont~n~ities that may be toler

ated In a test specimen.

--lfrom 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?

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.

Determi.ned by operator judgment •

Stated in acceptance standards •

.Page 1:...37

.Page 1-38
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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

reference blocks.

• Acceptance Limits - U1tra~onic 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. Wouldyou say that this test documentation

reduces the need for operator training, or has no effect on the need for training?

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

serve as a crutch 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 proYides 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.

Reduces need for operator training .

Has no effect on operator training requirements.

• Page 1-39

. Page 1-40

f- .
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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.

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•.•

-Your selection is not correct. If we were to b:lse the calibration or standardization of

ultrasonic instruments on reflections from the 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 tbe thickness of tbe block.

What is really desired during standardization is to 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.

the opposite surface of a test block of known precise dimension

precisely machined boles in test blocks providing an air interface

~l

.,

Page 1-41

Page 1-42
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Excellent. .The princi.ple meth·od for calibration or standardization of test instruments

is based on reflections received from precisely-machined holes in standard reference

(test) blocks~

In Volume n you learned that test blocks are provided in sets with precisely-machined

holes of varying dimensions and depths. In tbis 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 bole and depth in

the test block that is to be used asa reference. Since test holes have ideal geomeh'y

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 larger than the dimensions

of the ideal test hole.

Turn to page 1-44.

1-43From page 1-42

This answer could be considered correct under certain"conditions, hut 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.

By selecting a "true" answer you are indicating tllnt you think discontinuity cchoes from

aluminum bar stock and aluminum casti.ngs would bc 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.

-I
1-42From page 1-40

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

followillg 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 iii the 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-ma<;:hlned, 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.

True.

False.

Page 1-43
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Right. If test blocks of extruded aluminum bar stock arc used for standardizing the

,test instrument. and tests arc performed on aluminum castings, the echo indications

from discontinuities in the test specimen may have no relationship in size to the incli

cations receivcd from simulated discontinuities in the test blocks. This is due to dif

'ferenees ininterrial 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 31M-inch flat-bottom hole at the estimated depth of discontinuity be cause for

rejection of the material.

Assume that while testing a specimen ultrasoi1ically, 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.

ExceJ1cnt. A discontinuity indication from a test specimen that is equ:1I in height to

an indication from a f!:lt.-bottom h(,Ie in a test block can always be- cousiekred as indi-

eating a discontinuity that is larger in size than the flat-bC'ttorn hole. This is due

largely to the fact that discontinUity stlrfaces are always unc:ven and this causes scat

tering of the> sound beam.

In summation. you have learned in th is chapter that in ultrasonic test system and

method selection. . .

• tntrasontc testing has both its advantages and limitations with respect to other

forms of nondestructive testing.

• System imd method selection depends largely on environment and the test resUlts

required.

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

some by the inspection problem itself.

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.

Is the following statement true or false? A discontinuity indication from a test speci

men that is equalln height ~o an indication from a test block indicates the discontinuity

. is actually larger than the flat-bottom hole.

Next the test specimen discontinuity is rechecked and its amplitude compared with

the reflection from the t~st 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.

'True .....

False ........•. '..•.' ',' .

Page 1-45

Page 1-46

- ..

• 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.

• Standardization is a must in evaluating discontinuity indications.

One more thiilg. 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.

j

j
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From page 1-43

Your selection "false" is ·not correct.

1-46
1-47

r-----------"...,...--------------------~"

From page 1-45

A flat-bottom hole is carefully machined and there are no rough surfa(~es while a dis

continuity in the test specimen will always have an uneven surface. An uneven surface

will cause. scattering of the sound beam I thus reduci.ng the encl'gy in thereflccted por

tion of the sound. The net result is that a discontinuity signal of equal alnplitude to a

signal from a flat-bottom hole wm always indi.cate a discontinuity that is larger in size

than the flat-bottom hole. Therefore, your answer should have been "true".

1. The next few pages are different from the ones whkh you hav~ been reading.

There are arrows on this entire page. (Write in the correct number

of arrows.) Do not read the frames below. FOLLOW THE ARROW and turn

to the TOP of the ne:\.-t page. There you will find the correct word for the

blank line above.

Turn to page 1-45.

(

•

$. standing

9. The most widely used ultrasonic test system is p -e _

16. througll transmission

17. Attenuation is a (greater}(lesser) _

testing than in pulse-echo testing.

24. immersion

problem in through transmission

.....1·

, .. 25. Variables in an ultrasonic testing system that are controlled by the operator

are equipment s and 0 _

~)
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This is the answer to the blank .
in Frame number 1.

1. four~ra;: 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 f _

9.. pulse-echo

1-49

........------------------------_.-
2. {i'arne

3. By fonowing 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

10. contact

The method of ultrasonic testing where the test specimen and transducer10. The method of ultrasonic testing where the transducer is placed on the

test specimen \vith a· thili couplant separating them is called

testing.

11.

are placed in water is called testing.

17. lesser

18. The chief advantages of resonance testing are sim _

p---------

25. selection, operation

and

18. simplicity, portability

19. With reference to the resonance system, pulse-echo is the better system

for measuring thicknesses in {thinner} (thicker)-----------

materials.

26. surface condition

Assume you are performing an ultrasonic test. The t _

refer.ence specimen that will be used to compare with discontinuity indications .r\.
in the test specimen.' . rtf

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

condition, and discontinuity properties, only the sur c _

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

27.

s .,;.--- prescribes the type of standard reference (test) block or
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res , and noise d factors of the test

13. Defect detectibilIty is largely dependent on the se ,

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

for standardizing the test instrument should be made of

21. Difficulty in maintaining a uniform acoustical coupling between the test

_. ----specimen and transducer is a disadvantage of (contact) (immersion)

testing.

from the test specimen front surface.and d _s _

The pulse-echo system provides specific information as to a dIscontinuity' 6

short'

5.

instrument in use.

4.

28~ holes

20. higher

12. thickness, discontinuity

:L hlanks (01' "paces or

words)

1. In pulse-ecRo ultrasonic testi'ng pulses of sOlmdcnergy are

transmitted into a test specimen,

r>
11. immersion

12. The most widely used applications of ultrasonic techniques in the aerospace

industry are in th measurement and d

detection.

[)

19. thicker

20. Compared to the ccntact method; the immersion method has a (higher)

(lower) sensitivity to small discontinuities. ~

r>
27. test standard

28.. Standardization of ultrasonic instruments is based on reflections from flat-

bottom in standard reference (test) blocks.

fI
.-'
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21. contact

5. si~e. depth
6. through transmission

7. Through transmission testing uses transducers.

.r)
14. through transmission

15. To determine the dcpth and specific size of a discontinuity, we would use

the (pulse-ccho)(through transmission) -- system.

£)
22. immersion

23. Transducer angulation is easier using the method.
~

f)
30. larger ..

31. Turn to page 2-1 and continue.

.1>

method.

r)

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

of transmitted energy in the test specimen is called t .

29. steel

30. Assume a discontinuity itldication 1" in height from a test specimen. The

magnitude of the indication from a 5/64" nat-bottom hole at the same approxi

mate depth· is .also 1", 1t can be assumed that the size of the actual discon

than tbeflat-bottom hole.

22. Better near surface resolution of discontinuities can be obtained using the

13. sensitiVity. resolution,

discrimination

14. The best near surface resolution can be obtained using the (pulse-echo)

(through transmission) system.

- -- -----(crontact) (immersion) ~-

•
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Turn to page 2-2.

• Pulse-echo using one transducer as both a transmitter and receiver of

s<>und energy, or separate transducers for each function.

• Through tr::-nsmission using separate transducers for tran.sroitting and

receiving the sound beam.

are ..•

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

tact testing. We'll assume that you ·have a wide variety of instruments with varying

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

of equipment is available will not often be realized. But, since we should consider

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

necessary also to consider the capabilities of the equipment that may be available to

obtain the best test results.

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

exist. You learned of many variables that must be contended with and the importance

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

to perform a particular test you have at hand.

CHAPTER 2 - PULSE-ECHO/THROUGH TRANSMISSION TESTING USING

THE CONTACT METHOD

·'This chapter covers the application of 2 basic systems used in contact testing. These

1-54

~"";'

7. two

8. The ultrasonic resonance system uses the principle of st

waves of sound energy in thf! test specimen.

¢ Return to page 1-47,
'.

frame 9.

15. pulse-echo

16. The probkm of transducer aiignment is a principle disadvamage of

testing.

¢ Return to page 1-47,

frame 17.

23. immersion

24. Test specimen size is a limiting factor in testing.

",

¢ Return to page 1-47,

frame 25.

:
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From the discussions ill Chapter 1 on the advanhges and dis'ld·van·La· f 1 1.. .. c'. , . ges 0 pu se-ec 10

and through transmission testing, you learned the pulse-echo system is the most wide-Iy

used. This is true for several reasons. There is no orient::ltion problem of separate

transdueers 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.

From pag-<' 2- 1 2-2

2-3
From page 2-2

You have indicnlcd you think the CRT indication in lest situations using through trans

miSSion would lw proportional to the amount of sound energy reflected by a discontinuity.

Your selection is ~! correct.

You'll remember that in this type of testing the transmitting and receiving 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 tbe discontinuity. thus no

indication will indicate sound energy is not getting through the specimen. A smaller

.amplitude CRT indication will sibrnify that there is partial reflection and not aU the

sound is getting through.

. If the received pulse and the transmitted pulse are of the same relative height on tbe

CRT, the test specimen is sound.

Turn to page 2-4.

RELATIVE AMPLITUDE

When using through transmissioh; are discontinuity indications proportional to the

amount of sound energy reflected by the discontinuity?

(:

",Yes •.

No••.•.••.•••.•••.•••.

Page 2-3

Page 2-·1
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From page 2-2
2-4 From page 2-4 2-5

That is right. ,The CRT indication when using thnlUgh transmission is inversely pro

portional to the amount of sound energy reflecled by a discontinuity. Total reflection

of the sound energy will result in no energy being rect>ivcd by the receiving transducer.

If there are no discontinuities in the test specimen, the amplitude of the sound energy

received by the receiving transducer will be maxim~m,

Very good. When the through transmission system is used there is no longer any prob

lem with near surface resolution and discontinuities just helow the surface of the test

specimen can be detected. However, due to the disadvantagt>s we've previously dis

cussed, through transmission is not widely used fo? detection of discontinuities except

in special applications.

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

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

for testing thicker test specimens.

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

from the front surface of the, test speel'men, At wllat depth' th t t .' d. , m e es speCImen 0 you
think discontinuities can be dete~ted?

About 1/4 inch ,.,._ , , ...•.... ,., , .

• 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.

--.

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:

Page 2-5

Page 2-6

............. ............................A few thousandths of an inch

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

rough machined will determine selection of couplant and test frequency.

• Specimen internal structure may be fine or coarse-grained. This will affect

attenuation and scattering of the sound beam and will determine the test

frequency to be selected.

Turn to page 2-7.



From page 2-4 2-6
From page 2-5 2-7

You can do better than 1/4 inch. Sin,ze the initial pulse 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 separate transmitting and

receiving transducers.

Turn to page 2-5.

Consideration (lISt) ~hould be given to the fonowing pcrformnncc I"equil'pments of an

ultrasonic test instnllllcnt when making a selection for a particular contact test

situation.

• The frequeney range capability of the instrument.

• Instrument resolution.

• Linearity of the instrument (the capability of an instrument to display 'Signal

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

• Instrument penetration power (Is sufficient power available to penetrate the

test specimen?).

• 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 fanowing statement.

tntrasonic equipment selection is dependent on. . .

test specimen characteristics only . . . . . , . . ••.• , . . . . . . . .... . ., .. Page 2-8

the test situation .•....•.......•..•..•..•................ Page 2-9



From PI'l~C 2-7 2-8 From page 2-7. 2-9

You did not select the best answer. It is true that the test specimen plnys an important

part in the selection of ultrasonic 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 characteristks of the test specimen, i. e., shape, size,

surface condition, and Internal structure when selecting ultrasonic equipment.

Turn to page 2-9.

Excellent. You correctly determined that the selection of ultrasonic test equipment 18

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

Once the test situation is established and the basic test instrument selected, it is l:n .

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 Me CASTINGS: GRAY IRON, NODULAR IRON, AND RELATlVElY COAR$E-
GRAINED MATERIALS, SUCH AS COPPER AND STAINLESS STEELS.

400 KC - 5 MC CASTINGS: STEEL, ALUMINUM, BRASS, AND OTHER MATERIALS
WITH REFINED GRAIN SIZE.

200 KC - 2,25 MC PLASTICS AND PLASTIC-LIKE MATERIALS, SUCH AS SOUD
ROCKET PROPELLANTS AND POWDER GRAINS.

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

2.25 - I,D MC DRAWN AND EXTRUDED PRODUCTS: BARS, TUBES, AND SHAPES

1-10 MC fORGINGS

2.25 - io MC GLASS AND CERAMICS.

1-2.25MC WELDS

1 -10 MC MAINTENANCE INSP~CTlON, ESPECIALlV FAT.JGUE CRACKS.

As in Volumes I and II, it should be noted the term Hertz (Hz) is now the universally

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 (me) and kiloHertz (kHz) is

the same as kilocycles (ko).

A coarse-grained internal structure in a test spec~menwill require the selection of 8..

high test frequency. . . . . . . • • . • . . . . • . . • . . . . . . • . • . • . . . . . . .• Page 2-10

low test frequency . • . • . . . • . . . • . . . . . . • • . . • . • • . . • . . . . . . . •. Page 2-11

~



From page 2-9 2-10
From page 2-9 2-11

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 appea~' that the specimen is defective when a lower

frequency will not indicate a rejectable discontinuity. When in doubt about the intemal

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.

'That is correct. A 10\~ tt's! frequency is required to 1(,$t a specimen that has a coarse

grained internal strudllJ'c. A high frequency' will be scattered and can lead to an inter

pretation that the spednwll 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 lillow testing. In this case

smoothing should be accomplished with a disc sander.

c What is the effect of a rough test surface when testing with a high frequency?

Refraction of sound beam

-Scatter of sound beam

Page 2-12

Page 2-13
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2-12 From page 2-11 2-13

'Your choice of a possihle answer is not correct. You seem to have forgottl'll 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 uneven surface of the test specimen.

Turn to page 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 ~ince tbis 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'the 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. trartsducer giving false indications of discontinuities,

Which material has the finer grain structure, an aluminum casting or aluminum plate?

Aluminum casting " .............•........ " " . .. Page 2-14

Aluminum plate ...••... " ...•........•......•..... , . . . .. Page 2-15

~J



From pugc 2-13 2-14
From page 2-13 2-15

Your selection of a casting Is not correct. A casling will usually have a coarser

grain structure than a plate which has been rolled aud formed. Grain structure of

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

Turn to page 2-15 •.

Correct. An aluminum plate will have a finer g)'ain structure than an aluminum cast

ing, You, therefore, would select a lower frequency if a test was to be made on an

aluminum casting.

Before proceeding to the factors that should be considered in the selection of the proper

transducer to do the job, let us briefly review the principles that must be considered

in selecting the test frequency. These are . . .

• The highest tes~ frequency will provide the greatest sensitivity for detection of

small defects.

• The lowest test fre<l,.uency 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?

_l

('
'- .

-'"

.,.,.....:_... ~

Low test frequencies....

High test frequencies ...

...................•.. Page ·2-16

. , ......•.... Page 2-17



2-16
From page 2-15

From page 2-15 2-17

I t
'. . II ot gl've the best "near surface re~olllti()ll" in the detection ofYour se ec lOll WOU ( n ~

discontinuities, You ne~d a high frequency for th€' best system ~t'nsitiVity and

resolution,

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

test specimens.

Turn to page 2-17.

(

'.

Excellent, When you have a choice of low and high test frequencies and want to

detect discontinuities close to the surface, the high test frequency is the best selection.

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 into consideration:

• A large-diameter transducer is required when testing through greater distances.

• Available contact surface limits the size of the transducer,

• Beam spread is often desired to detect randomly-oriented discontinuities, Other

applications require the straightest beam possible to minimize ren~ctions from

surfaces of the test specimen.

• 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.

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

quencies than at low frequencies.

Turn to page 2-18.
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Suppose now that the material to be tested is large and flat. To lest such a specimen

you would choose a transducer that covers a large area, eiLher a laq~e single trans

ducer, or a mosaic of smaller cl'ystals such as could be found in a paint-brush trans

ducer which you learned about in Volume n.

If the test is to be made through ridges, shoulders or otlier restricted areas on the test

specimen,· you would select a small diameter transducer. For a c~rvcd 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?

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 rrequency. a small transducer will give the largest beam spread.

Tum topagc 2-20.

A large transducer.

A small transducer.

. . Page 2-19

. . Page 2-20

l
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2-20 From page 2-20 2-21

Good. '1'(1(1 have correctly selected as your an 5\\'(,1' til(' fact that a small tl'ansduccr

has a laq~er beam spread at a given ultrasonk fre'quI'lley.

Now I 1('t us concern oUl'selvcs w~th the type of dl'fect that the test is eXllcctcd to detect.

Thl' size of the expected defect, its orientation to the test surface, distrihution in the

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

the test.

You'll recall 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 feet in length from the end. The area

of a suspected discontinuity is 10 feet from the test surface, You have selected 2.25 mc

as the frequency most likely to give the best test results. With a choice of a 1/2-inch

or I-inch diameter transducer, which should be selected to penetrate to and beyond the

suspected discontinuity?

Did you guess on this one? If so. you guessed wrong. The I-inch transducer should

have been selected. It will produce a higher intensity beam over the 10-foot distance

for detecting a discontinuity in the suspect('d area. The 1/2-inch transducer would

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

traveling the 10 feet, to return a measurable reflection.

Turn to page 2-22.

l/2-inch transducer ...

l'-inch transducer.

..- . . .... Page 2-21

. • ~ . Page 2-22
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2-22 From page 2-22 2-23

An excellent choice. The l-inchtransduccr J~ lI.l" !t(,sl selection for the example

given. It would have a higher beam intensity al 111(' 10-foot distance whieh would more

likely return a reflection from a discontinuity If lJttf'('xisted ill the suspeded ar0U.

Excellent. Congratulations on correctly deducing that the refl'action angle of the ultra

sonic wave in aluminum will be less tl1an 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. These are. , .

The technique to be used in performing the ullraHonlc test also has an' effect on the

selection of the proper transducer. It may be cb.;ll"ed that the ultrasonic beam look

into the test specimen at an angle. In this case, 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 1.

•

•

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

beam spread and maximum power is required.

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

surface is too small to permit use of large units.

TRANSDUCER

PLASTIC
WEDGE--r%::..:j~---':'- ~...-_.....,..,

FRONT REFLECTlONgACK
~EFLECTION

SPECIMEN
T' s'

•

•

Selection of an angle beam or straJght beam transducer Should cooform to the

testing technique to be used.

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

surfaces.

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

along the same'path,

You'll recall from Volume n that angle beam transducers for contact testing are

available in any desired angle from manufacturers of transducers, The common angles

available without special orderai'e for 45, 60, and 90 degrees of refraction in steel.

If an angle transdu?er 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~ 45°? Assume shear 'velocity of sound in aluminum Is Jess than in steel.

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

scanning area in testing large flat specimens,

Tum to page 2-25.

Less than 45°•..~ , , . • • • • . . • • . , • . , • • . Page 2-23

More thaI') 45° •.. , ... '.•.•..' , ....•..•.. ,'. , •... , . • . . . . .. Page 2-24

,~I
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It lookl:l Hke you guessed on this one and guessed wrong. Actually, th~ refracted angle

in alundlll.lm will be slightly less at 43° when compared with a 45" angle of refraction

in stvd. assuming that the angle of incidence remains the same, In this case, the

. angk of incidence is. fixed by the plastic wedge in which the transducer is mounted',

This"ll;; due to the relationships between the angles and velocities of sound in the two

mat(!l'ials as related by Sriell's Law. Snell's Law, expressed by the formula
sin $1 VI .

in
A<. ;:;: -V • tells us that the sme of the angle of refraction is in direct proportion to

s ~'2 2
the vahie ofshonI' velocity when the formula is rearranged and written as

(sin ch)(Vz)
sin rPZ = V . The shear wave velocity is less in aluminum than in steel.

1 ,
Since this factor is reduced; the angle of refraction will also be reduced,

Turn to page 2-23:

A satisfactory contact test cannot be conducted without use of a suitable couplant be

tween the transducer and test surface. A couplant you'll remember is a substance

that "wets" the surface and acts to exclude air between thc 2 surfaces.

You learned in Volume II that for most contact testing applications, a thin film of

couplant should be used and thiclmess behveen the 2 surfaces should be uniform. In

some applications, where it is not possible to use a liquid couplant, a thin sheet of

rubber or plastic may be used. Examples of couplants that may be used are. . .

• Light machine oil.

• SAE-IO or SAE-20 motor oil.

• Water with a wetting agent (common detergent).

• Water and glycerine with a wetting agent.

• Special couplants available from instrument manufacturers for certain applications.

And you learned in Volume n that a couplant should.

Be free of bubbles or solid particles.

Be noncorrosive and nontoxic.

Be easy to apply.

Not run off the surface too fast.

Have an acoustic impedance ~~ near as possible to the acoustic impedance of the

test specimen (beh'leen 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?

Oil • • Page 2-26

Water with wetting agent. Page 2-27
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Very good. A good selection. If testing on a vertical surf:~with the selection of

couplant limited to oil or water with a wetting agent, oil is the best COt~~to select.

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

check the operating efficiency of the instrument.

Operating efficiency is checkedi.lsing 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 period specified in the manufacturer's instruction boole

After warm-up, tests are made on test blocks of varying thickness to determine

that adequate artificial discontinuity indications are received from the f1at- 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 to be confused with "standardization" of the instrument- it is

merely to assure that the instrument is in operating order before proceeding with the

test in accord::mcc with the test documentation.

Is the following statement true or false? A couplant will not be !,equired 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 he made

between the transducer and test surface.

Your selection is not the best. WatPI' with a wdtilig :\gcl1t will provide coupling

qualities but will have a tendency to run off the n·rth.-"l surface too rapidly. Oil

would be the best of the 2 couplants in this application. It \':i1l provide a film that

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

Turn to page 2-26.

False ••.. . . Page 2-28

True ...•.•. ; ..............•.......................... Page 2-29

..
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That is correct. A couplant is required at all ti n1l's b('tween a transducer and test

surface, regardless of how smooth the surface is. Avery 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 di!'continuity 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 teclmiques.ln 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 angle of 20· to tlle front surface.

What will be the effect on a norma1.A-scan display considering the basic elements of

the display always include front and back surface indications under normal tlondftions?

I
I
I

I
1
j

c.

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 penetrate the test

block.

Turn to page 2-28.

No effect.....' ... Page 2-30

Loss of back reflection ........••...........' ........•... , .Page 2-31.

:
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from the angled surface at an angle of 20" within the test specimen.

1.0N. PULS£~__---'-:::--__--..l

DISCONTINUITY

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

instrument to locate discontinuities near the surface.

SHORT PULSE

You learned in Volume II that with most pulse-echo/through transmission test instru

ments, you can control the lcngth of the ultrasonic'pulse generated by the test instrument.

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

applied to the transducer.

That is right. If the rear surface lies at an angle of 20e with relation to the front

surface there will be a loss of back reflection since the sound beam wiII be reflected

(.

~l = 20·

~2 '" 20'

TRANSDUCER

INCIDm.EAM~'.. f'i"T'"'I"I -..

I I , tit
11~1"'2/I I ~

. I::.//~
I I 1/11 /
: I } {I / REFLECTED BEAM
,J.,f,,/ /

. ,j'1

TEST SPECIMEN

You selected the wrong answer. l,ook at the illustration below. You can see what will

happen to tho 'sound beam when itstrikes the angh.'d rear surface. You learned in

Volume I that the beam will reflect at an angle that is equal to the angle of incidence.

Since the rear surface is at an angle of 20° to the incident beam, the reflection will

be at an angle of 20" and tliere will be no refle.ction returning to the transducer for

display on the CHT.

Turn to page 2-31.

__ A long pulse blocks the receiver during the period of transmission of sound and coverfil

up reflections from the discontinuity. The examplc shown indicates that the reflection

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?

""""1

Long Pulse

Short Pulse
.~

Page 2-32

Page 2-33
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Correct. Any time you are chccldng for discontinuities that are suspected to He

several inches from the test sui'face, a longer pulse will give better penetrating

power.

Let us now go into the techniques used in transmitting ultrasonic sound beams into a

test specimen.

First, what is straight beam testing? As the name implies, the ultrasonic beam is

caused to enter the test specimen at a 90° angle to the test surface by placing the

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

display on an A-scan device.

....:..;~:...:...:.=~----:--_-iX~II""":~~~~~~:_-------- -..,..-_3~1~/2~"'1..~~-__4__1=/2='~_'-==_-=_===-_==__D='=-1'!ZY ··1
~ITIALPULSE -_-:.=.=..:::::

DISCONTINUITY - ----

REFLECTION 1. A PULSE OF UL TRASONIC ENERGY IS SENT INTO THE SPECIMEN
BACK

REFLECTION ~. . . --~~~~-_-=.:::::: J
2. PART OF BEAM IS REFLECTED FROM DISCONTINUITY, REMAINDER TRAVELS O~

3. REFLECTION FOR DISCONTINUITY RE!URNS

4. REFLECTION FROM BACK SURFACE RETURNS

Are longitudinal' or shear waves produced in the test specimen in the above illustration?

Your selection was not the correct one. Testing at a dC:.'pth of 10 inches can be con

Sidered relatively deep and the pulse length should be adjllsted to give the best pene

trating power at that deptll.

A short pulse provides only a few cycles of sound energy transmitted by the trans
;

ducer. There is less ultrasonic power in this pulse than one where there are more

cycles of energy transmitted by the transducer. Therefore, to-test at a depth of 10

inches, the test instrument should be adjusted to give a long pulse.

Turn to page 2-32.

Shear waves Page 2-34

LongitudinaI waves .• , ......•........... ~ . . • . . . . . . . . . . .. Page 2-35

-.....-1. I



From page 2-32 2-34 }'rom page 2-32 2-35

It looks like you have forgotten Die difference between longitudinal and shear waves.
'. . ~

In longitudinal waves, the particle motion is in tilt' direction of sotmd wave travel.

That is the type wave produced in a test specimen \\'h£'n 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 different velocity.

Turn to page 2-35.

Correct. Longitudinal wavC:$ only are produced in the test specimen. The beam is

being transmitted into the specimen at right anglcs to the test surface and there is no

refraCtion at the intcrfacf' 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.

(

TRANSDUCER

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 Lucit(;-wedge. Which of the following ~haracter

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

Acoustic impedance . . . . . . . . .. '" . . . . . . . . . . . . . . . . . . . . . . Page 2-36

Velocity of sound -........•....................... , Page 2-37



From page 2-35 2-36 From page 2-35 2-37

Your selection is incorrect. "Acoustic impedancp" is Uw product of longitudinal wave

velocity in the material and its density. Recall what you lcarnC'd aLout velocities in

Volume 1. The .angle of the sound beam in the test specimen is determined by tbe

velocity of sound in that particu1~rmaterial as compared to the velocit.y of sound in

the Lucite wedge.

Turn to page 2-37.

Correct.. You rel.ncmbercd the angle of the sound beam in a test specimen is detl;r-

mined by thc relationship of the velocity of sowld in the test specimen and the ve:1ocity

of s('mnd in the Lucitc wedge - "Snell's Law".

You learned in Volume I 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

00
, or perpendicular to the surface (normal). As the incident angle increases, refrac

tion of the longitudinal wave increases until there comes a point where total reflection

of this wave oc~rs (refraction exceeds 90°) and all that is left is a shear wave. You'll

recall this is the 1st critical angle of incidence «(,02)'

(

INCIDENT BEAM {v1l~~~
''(4)1 \1

, I,
MEDIUM 1 '~

SIN cf>l SIN cf>2
V"l"" = v;-

In practice, the effective angle in the test specimen is usually the critical factor. A

wedge should be selected that will produce 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 required wedge angle.

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

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

-'-'l

; ;.

Greater

Less

•

Page 2-38

Page 2-39
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Your ans\wl' is not correct. The relationships statodin Sncl]ls Law apply in this case.

If you rearrange the basic formula you find that t.he sine of the ~Ulgle of refraction is

equal to the velocity of sound in the second medium (test specimen) times the sine of

the angle of incidence (wedge angle) divided by the velocity of sound in the wedge as

follows:

This relationship indicates that the nearer the velocities are to the same ,'alue, the

more nearly the sines of the 2 angles wiII be equal. Thus, the angleof refraction in

the test specimen will be less. On the other hand, if there is a wide diffeienee between

the velocUiesin the 2 mediums, the.angle of refraction will be greater.

Turn to page 2-39.

.-

That's right. The angle of refraction be.comes less as the relative velocities 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:

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.

MATERIAL
VELOCITY WAVELENGTH AT FREQUENCIES INDICATED

INS PER SEC 1 MC 2-1/4 MC 5 Me

ALUMINUM 245.000 0.245 IN. 0.109 IN. 0.049 IN.

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 .041 .021

WATER 57,000 .057 .025 .011

AIR 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, alumil!!l.!!! or copper, assuming a

constant Lucite wedge angle of 30° .

__..J

j

I

I

Copper .• ' .•.............•..... , .

Aluminum.

Page 2-40

Page 2-41
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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.

Excellent. You will have the largest angle of refraction in almninim, since the velocity

of sound is greater ill aluminum than copper, which gives a larger ratio whBn the values

are applied to the formula for Snell's Law.
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ANGLE OF TRANSDUCER WEDGE 8LOCk (DEGREES) IN LUClTE
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I I I I I I
I I I I / I I /

I / ./ -
LONGlTU01N/\L MODE / SHEAR MODE ......--V .-

V. .-----
V ....-

!~i-'"

LONGITUDINAL SI! AR f'\ I
~ SURFACE
I I

----
/" ......., T

I I .:>< '" I
I 1_-- "- T

o. 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 ~

90
80
70
60
50
40
30
20
10

00

ANGLE
OF SOUND
IN STEEL
(DEGREES)

RELATIVE
AMPLITUDE

(
'- .

I
I
I
I

1·

Tum to page 2-41.

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

The velocity of soundin copper is 182, 000 inches per second, and in aluminum 245,000

incbesper second. The ratio of V2 to VI in copper is 1. 73 and in aluminum is 2.33.

This indicates that the sine·of the arigle 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 300
•

Did yuu t,"Ucss on this one? You either guessed or f:1ill'cllo substitute the proper values

in the· equation. We aren't interested in the size or the angle of refraction, therefore

you do not necd to refer to a trigonometry table. All that is needed here is to refer to

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

mediums.

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 tliat tlle greater

angle will be provided by the alumInum specimen.

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. J.Jet us look at a practical

example of the problems you might encounter.

Turn to page 2-42•

.........1
......-,
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Asswne that you want a 45° angle it1 the test specimen (steel) and have decided that a

45° longitildinal wave is to be gencrn.ted. Rf'fer,encc-to the charl (page 2-41) shows

that if you read up the left to 45° and across to the longitudinal mode curve you find

that a wedge angle of 20° is required. Note also in reading up from the 200 mark on

the lower edge of the chart that a sbear wave exists at the same time at an angle of

about 25° from the normal. The tipper 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 resultssinee you receive reflections from both wave modes.

For a 45° angle in the test sp~cimen it will be more satisfactory 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 purposes,if the angle in the test specimen is to'be less than about 40°,

you will usc 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

should 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 page

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

. Page 2-43

.......... " .... , .........•.............. Page 2-44

("
'-,.

"

Very good. By r<'ading the chart you very readily c:m cl.:'tcrmi!1C' that a.45e wedge

angle will produce a 57~ angle in the shear mode ill a stt'C'1 lest specimen.

Typical applications of shear waves in ultrasonic testing nrC' ,

• _ Inspection of welds.

• Inspceti.on of plate.

• Inspection of pipe and tubing.

Now, let's sec 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 ih the following

illustration:

INCIOENT BEAM {Vlr~4i-l~ SIN <PI = SIN <P2
«P. rl VI V2

'VI \ I
" I REFLECTED BEAM,

MEDIUM 1 ....~

You'll recall from Volume T that as the wedge angle is increased further to the point

that <1'2 (shear wave) is equal to 90° , we have what is known as the second critical

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 steel?

Page 2-45

.......l

65° .

,--=a)

Page 2-46
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Your selection is incorrect which indicates you did lwt read the chart correctly. Refer

again to the chart on page 2-41. Read across the bottom of the lo\~cr chart to where a

45° wedge angle is indicated as stated in the quostion. Now read up until you corne to

the shear mode curve. Read across to the vertical line at the left where the angles in

the test specimen are indicated.. This is shown to be between 50° and 60° ~ or very

nearly 57° , rather than 63" as yoti selected.

Turn to page 2-43.

(
\

Very good. A wedge angle of (j:~0 will produce surface waves of greater amplitude

in steel than will a wedge angle of 65° .

A surface wave penetrates t]le test surface to a depth of onlyabout 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 b.y 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 fC*1tures provided the contours are large in

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

'AA~CER~~DCEJr__:DlSCD"I'WTV

TEST SPECIMEN

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

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

treating, etc.

• 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 90a angle.

What effect will the angle have on the surface wave?

"""""'l

No effect...•......••

Reflection of sound wave

Page 2-47
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It l~oks 11::; If y<'u guesscd on this one, . Reference to the chart indicates the amplitude

of SUrf:l<'l' waves is greater at wedge angles between.63° and 640
• In this case your

selectil'll :>Iwulcl have been 630 for a praC'tical value,

Look at tht' chart again to see th~ relationship of the point where the shea~' mode ceases

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

Turn to page 2-45.

:I .

(

Youranswcl' is nut correct. A surfaee wave will go around a contour that is long with

respe<:t to one waveh:ngth, but a sharp 900 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 difft~rence 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.



That's right; A sharp 90° ang'lc on a test surface will cause reflection ofa surface

wave since this angle will be short \vith respect tOOIlC wavelength of the sound energy.

When the material to be tested is'very thin, one sudacc wavelength or less, a special

type of wave mode ean exist in the sheet. You'll recall this is a "plate wave" or

"Lamb wave" and is produced by angular incidence of the sOlmd 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, anyone of which, or combinations, may exist

depending on the 5 factors of (1) frequen?y, (2) thickness of the sheet, (3) sOlUld velocity

in the wedge, (4) incident angle of the wedge, and (5) type of material. The relationship

of these factors is shown in the following illustration. It can be seen that by changing

one or more of these factors, it is pO'ssible to produce conditions where plate waves of

various velocities will, or will not, propagate.

From page 2-45 2-48

\
j

J

1
\

2-49
From page 2-48

The same general rules that are used for other wave modcs aI"(' used in interpretation

of reflections when using plate waves. Sound is transmitted into the test specimen by

a transducer and is reflected by a 9iscontinuily or corner of the specimen. The refiec

tion appears on the CRT in the normal manner.

The choice of a particular plate wave is not critical. The main problem is to cause

sound energy to propagate through the specimen and reflect back from a discontinuity.

In many pracU'cal cases, a transducer that is designed to produce shear or surface

waves in a larger or heavier test specimen will proguce.,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 w.ill 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.

. .• Page 2-50

. . . . . . . . . . . . . Page 2-51

. ..

False .•................•..•.....•..

True .

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

not dependent on the material properties of the test specimen.

.'

(

PLATE WAVE
VElOCITIES
IN ALUMINUM

II

.2 J ,
FREQUENCY TIMES OEPTH

X 105 CYCLES It!I./SEC

Turn to page 2-49.

~
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,.

'"

You seem to have forgotten the factors that determine the existence of plate waves.

Plate waves are dependerit 011 5 factors: (1) frequeilCy, (2) thiclmess of test specimen,

(3) velocity of sound in Ule wedge, (4) incident angle of the wedge, and (5) type of

material. Now you can see frOm a review of- these factors that material properties of

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

Turn to page 2-51.

Corred. The propagation of plate (Lamh) waves is dependent on th(' material proper

ties of the test specimen among other factors. These incIud<> 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 ~ound 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 transd~cer.

Turn to page 2-52.



From page 3-51 2-52
2-53

From page ~-52

Transducer combinations in 2-ttansducer testing systems may be classified into 2

groups as follows:

TRANSMITTED PULSE

DISCONTINUITY

BACK SURFACE
F'''~ f"~1 ~V REFLECTION

~
v~~b~

.. )
.' '..~~

~~/: ~~ ,~.I ECHOES FROM'1 I ,\ /" SURFACES
I \, / PARALLEL TO
: \ \ / I ENTRANT SURFACE

t \-"-- / ~~~~~~U~OER.
I \ I
I \ I

<"'" 1 \ I
"I \ I
·.......L_--ll.-------'

'ULTRASONIC BEAM REFLECTED AWAY FROM
TRANSDUCER BY A SURFACE NOT PARALLEL
TO ENTRANT SURFACE.

as in single-transducer systems.

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

'The principh' of ~-tr:msduccl' pu]st.'-ccho tcs!.ing is illm~tr:ttl'd behwI' 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 speeimt>l1 such as is obtained when using

one transducer. This is the most imporl1.nt difference be'tween single- and 2-trans

duccr pulse-echo systems. A single transducer used for both transmitting and

receiving cannot detect discontinuities until its function as a transmitter is complete,

which results in a zone ncar the surface the instrument calIDot "see". A 2-transduccr

TRANSDUCER
TRANSMITTER

"

D"CD.rmOITY-/------.--....
VIEWS

ACOUSTIC BARRIER

VIEW A

• Separate transmitting and receiving transducers with separate electrical

connections to the transmitter and receiver-a~plifierunits. This principle

is illustrated in View B.

• 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 bel0':r"

Turn to page 2-53.

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

detection of more discontinuities than a siTlgle-transducer sys:cm?.'
Yes .. . .. Page 2,..54

No ••....• ·•· ...•...•.••.••.•••.•• : •••.•.••.•
Page 2-55

- ..
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You're not correct. A 2-transducer pulse-echo system is more sensitive' to th"

detection of discontinuities close to the surface of the test specimen only. For all

practical- purposes, sensitivity is the same for both single- and 2-transducer pulse

echo testing in that portion of tbe test sp'ecimen between the areas normally occupied

by the front and back surface reflections.

Turn to page 2-55.

That's right. A 2-transdueer pulse-echo system is not more sensitive to the detection

of aU discontinuities. It is more sensitive only in detecting discontinuities very near

to the surface. Sensitivity is about the same in the area of the specimen between the

normal location of the front and back surface reflections. '

A special adaptation of contact testing is the transducer wheel of which a "variable

an.gle" version is shown below.

(
TEST SURFACE~

-±AIIGLESCAlE

ADJUSTMENT KNOB
LIQUID COUPLANT

You'll recall that transducer wheels were discussed .in Volume II. In this test method

------thesound is propagated through a liquid couplant while within the confines of the wheel

and, after entry into the test specimen, acts the saine 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.



Right. The statement is true. The transducer wbeel can be used to produce sound

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.

From page 2-55

Some of the possible applications of transducer wlwds an' shown belo\\'.

2-56 I
I"
I

From page 2-56 2-57

NARROW STRIP

SHEET

(

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.

TUrn to page 2-59.

Is the following statement true or false? The transducer wheel can be used to produce

sound waves in any of the modes of propagation.

True • • . • . . • • . . • . . • . . • • • • • . . • . . . . • • . • • . • . • • • •. . • . .. Page 2-57

False .•.. . • . . . . . • • . . • • . • . . . • . . . . . . . . • . . . . . . • . . ..• . .. Page 2-58
"



From page 2-S6 2-58

Your"answer is inconect. By turning to this page you have indicated you do not

think the transducer wheel can beused to produce longItudinal, 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~ 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

-
l"roln page 2-57

l. The selection of ultrasonic test equipment for contact testing depends -

largely on the test sit and test doc

r)
5. heavy

6. A rough test surface will cause the sound beam to s

when testing is attempted at a high frequency.

r)
10. angle beam

11. The ability of an ultrasonic testing system to detect discontimiWes close to
f"

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 signlficant

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

applications, the wave should be eliminated.

~

• _ • ;.. ~ t~ ..••

~;""
.....,1~~::.·;.:: ":-~~:
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L situation, documentation 2. coupling

2. The greatest disadvantage of contact testing is the difficulty in maintaining

uniform acoustical between the transducer and test specimen.

3. The substance that must be placed between the transducer and test surface

during contact testing is called a _

[)
6. scatter 7. large

7. At a given ultrasonic test frequen~y, a _

produce the least beam spread.

tranSducer will
8. Assume a test is being made on a lO-foot long specimen. Transducers are

available in 1/2- and I-inch diameters. The transducer

would be selected to give the best penetrating power at the test frequency

of 2.25 me. (>

11. short, high 12. 011

12. A test Is to be made Oll:a vertical surface. With a choice to be made between

oil and water with a wetting agent as couplant, is the best

, selection.

13. Any mode of wave propagation can be prOduced wh~n using a t _

w or a variable angle

16. longitudinal
17. wavelength

and of

18. Plate (Lamb) waves, which can be produced in very materials,

are extremely useful in detecting 1__-:- _

bond.

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 iil comparison to the of the wave.



2~62

-
3. coupla:nt

i

4. A test specimen with a coarse-grained internal structure will require

selection of a frequency for testing.

r)
8. I-inch

4

9. Pulse length in ultrasonic test instruments is variable. When a test is to

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

results.

r>
13. transducer wheel,

transducer

,14. In straight beam testing, the wave mode is I- "

r

'" l)
18. thin, laminations, ~

lack

19. Contact testing can be accomplished using either one or two transducers.

To detect discontinuities close to the surface of the test specimen, a

-transducer setup is the best.

f1"0'

"

~'lIII ~.:.;-~......:

4. low

5. When testing a specimen with a rough surface, a (heavy)

(light) oil should be used as a couplant.

QReturn to page 2-59,

frame 6.

""
-

9. long

10. Plastic wedge transducers are used in

testing.

¢ Return to page 2-59,

frame 11. -
,H. longitudinal

...

15.
'"

In anglt:_beam testing, the angle of incidence at the surface of the test specimen.

is determined by the angle of the Lucite wedge. The v of

sound in the test specimen is another factor that helps to determine the angle. . ¢ Return to page 2-59that the sound will travel In the speCImen. '
frame 16.

19. two

20. Turn to page 3-1 for a continuation of your study of contact testing.

r>
..



"J

CHAPTER 3 - APPLICATION01? CONTACT TESTING 3-1 From page 3-1

J"

3-2

Let us now consider the ap.p1ic.atio~ of COJ~tn.ct testing to materials of varying shapes,

sizes, composition, and internal s"tructure. 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~ coarse-grained ca~tings are not practical

to test ultrasonically due to extreme scattering of the sotUld beam by the grain struc

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

In most tests, when the back surface ech~ 'is visible, there will be several heavily

damped stray echoes immediately following the fyont surface echo that are due to the

internal structure.

If you have a choice ofa 1.0- and 2. 25-megacycle transducer for testing a casting,

which would be the most praCtical to select?

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 stru<'ture inherent in most ca~tings dictates

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

A frequency of 1. 0 me will prOVide better penetrating power and better evaluation of

actual discontinuities than if a higher frequency is selected.

Turn to page 3-3.

1. "0 me "................ Page 3-3

2.25 me .. Page 3-2

TO, .~. ". -

co
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That is ('o1'n'cl. The best results will be obtained if a 1. 0 me tl'aJ1sduceris used to

test a casting in comparison to those t11at would be obtained from using a 2. 25 me

transducer.

Most forgings of uniform size'and shape are good objects for ultrasonic testing. This

applies to most of the metals and alloys. Testing of forgings is normally accomplished

at frequencies of 1. Oto 5.0 me with the sound beam normal to the surface and at 900

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

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

beam.

Incorrect. If the beam is trmlsmitted into the specimen in the direction of metal

flow during working you won't be able to obtain many rdlcctions from discontinuities

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 dil'e{~tion of metal flow during working.

Turn to page 3-5.

Discontinuities that maybe detected in forgings are nonmetallic inclusions, seams,

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

~
··..··'·'W',·';~.':F"i!:··"'···."··'···.·-.l". ~-.'g'.'.".. "':':"'''.)''''i'.''>:;'''.''.-.'.'.'y. '.... 8·..·····.:'.·..·,· ··,,···_'~··.··.·.···•.···.'..<' ..:~. ".' .~~ : '<

". ! . ;~; .~". . .

i·~ ..i~,·>,,,,, ...;8;.
INITIAL PULSE BACI< REFLECTION

c.

"~...... , ..~.'.~~
NONMETALLIC
INCLUSION

SEAM CRACK FLAKING

i
I

Page 3-4 I
!

Page 3-5

\
..

t

I -
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Parallel. to direction of.metal flow during working .

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

to detect discontinuities in a forging?

Transverse (at right angle) to direction of metal flow during working



From page 3-3 3-5 }'rom page 3-5 3-6

Correct. You will be most likely to dett'ct discontinuities in a forging if the inspection

is made at rigllt angles to the direction of metal flow during working. Worldng will .

orient dis<:ontinuities in this dirN·tion' in the same mann",!' that the grain of the

metal is ol'ienl<'d in this direction.

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

If an ingot, similar to the foq:,ring previously discussed, is roUed or stretched into a

long configuration, round, square, or octagonal, it ianow 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.

CENTtRLlNE STRINGER

That's right. An cnd-to-end test that results in a large bn:ck 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 liot additional testing is required will depend on

the requirements of the test.

Further testing oJ hal' stock can be made by the diametrical method. In this method

'£he transducer is applied to the side of the bar so tbat the sound is transmitted

through'~nd 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 length of the bar. Any elongated pipIng, seams, or elongated porosity can be easily

located using this method.

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?

TRANSDUCER

CURVED SHOE

Page 3-9

Page 3-8

BAR

Longitudinal and shear waves ........•..............

Longitudinal waves. . . . . • • . . . • • .

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 gain settings on the test instrument and use of markers wiUenable

accurate determination of location of discontinuities. I~ 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 tobe seriously elongated piping or seams present in the specimen if a

strong back reflection is obtained.

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

large discontinuity indications mean the bar has no discontinuities?

No •....•.......•.••..••..••..•. '..•..•...••...•••. Page 3-6

Page 3-7
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Your all:llysis in this Cllse is not .correct. End testing resulting in a strong back reflec

tion and llO large cliscontimlity indJcations will indicate merely that there arc no large

discontinuities. There may be small discontinuities, oriented parallel to the direction

the sound beam, that are not detected. Depending upon the test requirements and the

ultimate use of th~) specimen, the discontinuities that cannot be detoeted by end testing

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

verse to the length of tJ1C bar.

Turn to page 3-6.

Don't be fooled by the illustration which shows most of the !'ounel entering straight into

the specimen. Actually the curved surface of the bar will create a varying angle of

incidence across the widt]} of the sound beam that will cause refraction to varying

degrees. The refracte~ beams will have both longitudinal and shear components.

This should have been your selection of a correct answer.

Turn to page 3-9.
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Excellent. You corrccl1y determined that the ·curved f'urfact· 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 longitudillaland 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 th~ first back reflection

to clear the initial pulse. Anoth~r disadvantage is that straight beam testing is very time

consuming if 100% testing 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 asslimes a plate with no discontinui

ties and the distance between each pulse is the sheet thickness. N:ote that in View B the

horizontal distance between pulses is less than in View A due to reflection from a

lamination.

(

It will be possible to complete a lOOt;O testing of a sheet of steel of the dimcn~ions

given using a straight beam technique but it won't be very praetical due to th<: large

amount of time required. Consider the number of different test points Ulat 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.

VIEW A V1EWB

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

select a ~tralght or angle beam technique?

Straight beam· • . . . . ; . . . . . . • . • . . . ~ . . , . . . . , . • . . . . . .

Angle beam ..............,.............., .. ,.,.,.

Page 3-10

Page 3-11
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Correct. An angle beam technique is the only way to go if you \v::mt to get the 'ob

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 sid~ of the plate from one edge as shown in

the folloWing illustration. Most types of discontinuities that will be found in plates can

be loca~ed in this manner. Little trouble shoul~ be experienced in locating or detecting
.;

rough laminations, laps, -flaking, and incltisions.

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 lamination near the top.

--.:..- -Should an ultrasonic test of a plate by angle beam techniques be attempted with no

knowledge of the general acceptability of the plate, or should some method of gross

checking for discontinuities be accomplished first?

I
I

I·
i
I
I

I

c/

Your answer is not the best selection. Before going to the t.rouble of setting up and

scanning tJ1C p1:ltc by angle beam tcchniq\lCS 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 te~ted. considerable time

can be saved by using this method.

, Turn to page 3-13.

Angle beam test ..•...•.. -. • • . •. • . • . • . • . • Page 3-12

Gross check .• _••..•..•.. -.- ...•...•. ,.•.•.....•....-. . . . .. Page 3-13
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You're right. Why waste time setting up and sC~lnning a plate with an angle beam if the

plate contains large discontinuities that make it obviously unacceptable. Gross discon

tinuities can be d{~tected rapidly by a sampling of straight beam tests. If these tests are

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

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 orients the grain structure and discontinuities in the direction of

rolling.

In setting up an angle beam test, Jet's assume th;lt a plate 5' x 5' x 1/2" is to be tested.

The plate should first be divided into a ver~ical and horizontal grid with approximately

6" between grid lines. (It 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 t~e of random sampling will give'

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

more detailed examination of the outline of the defective areas can be made at the time.

If the grid check doesn't show any gross laminations in the plate, the angle beam trans

ducer can then be used for a more thorough scanning of the entire plate area.
2. Using a suitable couplant, place the transducer approximately 4" from the

notch and adjust the gain of the instrument so that tlle signal from the notch is

full scale on the CRT screen.

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.

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 rerJected 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:

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.

3.c·Page 3-14

Page 3-16

How are discontinuities in a rolled plate IiI,ely to be oriented?

Parallel to surface ...•.... '.' ••................

"'- -At an angle to the surface

4. Repeat this operation at 1 ft .• 2 ft. and 4 ft. from the notch. Reference

marks on the CRT indicate the amplitude 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 normaliy expect to find the dimensions of the reference notch W be used

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

~)

No . ..•...•...••.•..•••.••••.• , •. Page 3-15

. •..••..• " .... Page 3-17yes .•.....
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From page 3-l3

para11 t4 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.

The ultl~asonicicstoperator is e>.:pccted to be capable oflocating discontinuities in a

test specimen, cOmptll'C them with a certain pr(lscribed standard, and, from 111is

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

The usc to which a specimen is to be put will, in most cases, determine 111C size aild

number of discontinuities that can be tolerated. The sizc of the reference notch and

distribution of discontinuities that are acceptable should be a\'ailahle to the operator

in the acceptance standard.

Your selection was not cm'reet. Discontinuities arc most likely to be oriented

Turn to page 3-17.

Turn to page 3-14.
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That is right. You cnn normally expect that the acceptancE' standard for testing the

plate will specify the dimensions of the rcfcnmct' notch.

Scanning of the plate should be done by moving the transducer along each of the 4

edges of the plate. Itmay be done under certain conditions from 2 adjacent edges or

perhaps only one edge. However, it should normally be done b:om at least 2 adjacent'

edges so that any defects 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 discontinuity indication that appears during scanning is easy to locate by either

using markers on the CRTto measure the distance or by moving the fingers along

the plate in front of the transducer toward the discontinuity. Movement of the fingers

along the plate will cause a small signal on the CRT that ''''ill move in the direction

of the discontinuity. WllCn 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 indications' 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?

Your selection is not correct. When scanning, the SOlllld beam is subject to skipping

certain ateas of t1l;e material as the sound beam bounces between the top 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

defect. Testing at various angles will determine whether the indication received

during the initial scan correctly detected the extent of the discontinuity. There

deflllitely \vas 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.,

Yes ', ,

No •••••••. ...............................

Page 3-18

Page 3-19

~i
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Right. During.initial scanning the sound t>cam may completely miss some discon

tinuities and be only partially rertccted by others when the sound beam doC's not strike

~~em at an angle of 900
• It is for the first possibility that scanning should be dOlll' from

~ second edge, and for the second possibility that it is necessary to examine the dis

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

Th~ 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

pedetectedby the use of shear waves.

Suppose now that you want to determine if there are cracks on the surface or just

beneath the sm/ace. You will use the same scanning techniques, and use the ref

erence notch irtthe same mannel: li:S y~U did for she;r waves. But this time you will
. .

generate, s,u~,face waves. And to generate sur,face wave~ y04 need an angle transducert (- / . c.. • ;

with a we4g~ angle that lies beyond the second critical ang~e 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 excesscouplant. You'll reca.11 from Volume J that any of
.... ". .

these foreign Clements will 'Cause reflection of surface waves or dampen them, and

·.th'~ test ~il1 not be satisfactory,-

A~sume you have the task of testIng a rolled plate for surface defects. How many
. '. { ~ : '. . .

surfaces should you have access' to?
, I, ~

c..

Have you forgotten the characteristics of surface waves? These travel only on the

surface and below the surface to a depth of about one wavelength. This isn't very

deep when you consider that one surface wavelength is 0.002" in both steel and

aluminum at 5 me.

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.

One surface. . . . , . . ..
_,.. ',J.,:" ..

Page 3-20

i~O .s\lrfaces , . , , •.••. , .•. , ••.•. - , Page 3-21
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No ••.•.•.••..•..•.•.. ,.·•..•.•.. , ....•.....

Correct. Ofcourse you have to test both surfaces. f)III'f:ll'(' wavps pCl1t"trate only

to a depth of about one wavelength. One scan will only tell yOlt if there' are any SUI'

face discontinuities on that one side. Then, you haw: to turn it over and test the

othor side using the same techniques.

There is one more technique that may have to be uscd undcl' 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 possiblc to gencrateshear or stlrface waves.

Ho~ever, plate wav'es can be produced in these thin materials if any ultrasonic tra11s-·

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 tcst sheet.

To generate plate waves using a variable-angle transducer, you place the transducer

on the test specimen with suitable couplantand adjust the incident angle of the sound

beam to the point that 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 indications on t~e 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 he possible to

generate plate waves In the test plate?

Yes •....•. ~ '.' ; ...•.......•..•...... ; ....•... Page 3-22

..... Page 3-24

Excellent. It is quite possihle you will be able to generate plate waves in a sheet

even though you do not h<l"c a variable-angle transducer avaHable. If you have a

variety of fixed-angle transducers at various frequencies available to you, you most

likely can find a combination that will result iil 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 ~nd interpretation

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

wave techniques as illustrated below.

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

age of the specimen by scanning theIEmgth 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

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

do have available an angle transducer that will allow you to produce shear waves.

Can the same scanning techniques be used for she~r waves as those shown for surface

waves?

No ••• ,., .••.. , ••••••••••.•.•.•••..•.•••••..••.••... Page 3-23

Page.~.2fi
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Very good, You can't usc the same technique for shear wave scanning as used for

surface wtwcs 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 ultrasonic 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 reb'acted sound beam is transmitted around

the wall of the tubular specimen.

Your answer is not the best selection. It was stated that you have available a number

or-rixcd-anglc transducers at various frequencies. The thickness of thc 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 }Jractical applications the range

of angles and transducer frequencies available to you may not give the correct com

bination for generation of plate waves.

SOUND BEAM

I
l

.j

Turn .to page 3-22.

LONGITUDINAL WAVE SHEAR WAVE

Sound propagates around the wall ina zigz:ig- pattern as either longitudinal or shear

waves. Due to the undesirability' of r,eflections from the shear component if longitu

- -dinaI waves are used, most testing on specimens of tubular shape is accomplished

with shear waves.

What type of transducer would you select to cond.lict an ultrasonic test on a section .of

pipe with an outside diameter of 6"?

Curved shoe, straight beam •••...•.•.•..•.•••.•••••..•.•••• Page 3-26

Curved shoe, angle beam ..•.•••.•...•...•.•••....•..•.••. Page 3-27

I
I
I·:.

--J.
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Did you consider the behavior of shear waves when you made your selection? Ap

parently not, since you should reGall 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 waVes. It will be necessary to test both tbe upper

and lower surfaces of the bollow specimen with shear waves to get complete coverage.

The result is twice as much work to do the job with shear waves, compared with the

effort required to test with surface waves. Why twice? You will have to test length

wise twice and crosswise twice, once each on the upper and lower surfaces. For

these reasons yoUr answer is Wrong.

Turn to page 3-23.

...:"

'Your answer isn't tlte best onc. A straight bl;lam transducer wiUnot 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 strike the surface at an angle alld some refraction of

the beam will result. But, the main portion of the beam will enter the test surface per

pendicular:ly, 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.



Right. An angle beam transducer will project SOlUlcl into the pipe wall at an angle and

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

In adcJition to the size limitations, there are serious limitations to the speed wi~h

which the lenf;th of a specimen can be scanned using a cill'vedcontact shoe.

There are certain disadvantages to use of contact testing methods for testing pipe and

tubing although this technique may be used t.o transmit shear waves around the cir

cumference of pipens small as' 1-3/4" outside diameter. There are lower limitations

to the diameter of pipe that call be tested by this technique as you will learn. later ,

but no practical limits on largeness.

3-28

receive u reflection from thc interface between the contact shoe and pipe surface - not

complete reflection due to the presence of a good couplant (supposedly), but \\ith all

these spurious reflections, it will be difficlilt to identify any reflections from dis

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

these difficulties.

The soulld will ul1ckrgo refraction when passing into the second medium, even before

it enters the \\·~.111 of the pipe. HesuUs will be anything but satisfactory. You also will

It won't work. Think now what will hapfJCn if you try to usc a contflct shoe that is the

sal1lC material as the pipe. You will get :l false entry surface indication when the

sound bt':llll tran-ls from the LucHe :tngle to the contact shoe.

1
I·
I
I
I

3-27From page 3-23

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

pipe, which of the following materials will yoti select? Turn to page 3-29.

Same as pipe ••••..••.•.••••..•..•........•......•...

Same as angle wedge ...•.•.•...•..••...........•......

.. Page 3-28

. . Page 3-29

C~.

....
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From page 3-27 3-29 From page 3- 29 3-30

Correct. The contact shoe should be made of the same matcrinl as thc angle wedge

used to prpduce 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.

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 0 of sound

travel and is called the "revolution indication". For m~asurementpurposes though

it is referred to as being 180 0 rather than 360 0 ·around the circumference of the pipe.

Very little cleaning of the olitside 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
0

angle 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 &ho~ in View A, below. The l?hear 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.

. INDICATION FR'."TCH~
INDICATION FROM ~
NOTCH COINCI~ES
WITH REVOLUTlO .
INDICATION. . ~

SOUND TRAVELS TO NOTCH
180' At~D RETURNS TO SOURCE.
THE DISTANCE COVERED IS
EQUAL TO or~E COMPLETE
REVOLUTION.

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 indication previously

displayed since the reflected sound wave is still traveling a total of 360 0
•

Assume a shear wave is being transmitted into a pipe in a clockwise direction. A

discon!inuity exists at a point 2200 around the circumference from the point of entry

of the sound beam. Will this discontinuity indication appear to the left or right of

MARKERSREVOLUTION .INDICATION

the revolution indication?

VIEW A VIEWB
Left. . . . . . • . . . • . • . . . . . . . • . . . . . . . . . . • . . . • . . . . . . . . . . . Page 3-31

Right • • • • • • • • . . . . . . . . • . . • . . . • . • • . . . . • • • . . . . ••••...•• Page 3-32

.Turn t() page 3-30.

.-



From page 3-30 3-31 From page 3-30 3-32

Tilt. You missed oJ! this one. Remember that even though the revolution indication

represents 360° of sowld travel around the circumference, it also represents the

distance the beam travels to a isoo discontinuity and return. Now If a discontinuity

exists at 220° with respect to the transducer, the sOWld will travel 220° to the dis-

- continuity and 2200 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.

Excellenl.. The sOWld travels 360° arow1d the pipe to produce a revolution indication,

but for measurement purposes the revolutio~ indication is considered to be at 180°

Viitb respect 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

"mAlPULSE~_.. _ 0N_.. '.

140.~~
180· 220·

Turn to page 3-33.



From page 3-32

{

3-33 From page :l-~13 3-34

-Reference standards for pipe and tubing are not :wailabk as a {'ommercial item.

Thereforc, it i-s ne('css~l'Y to prepare 'a standard for comparison with the actual

discontinuity. This stand.'ll'd usually consists of reference notches, longitudinally

machined into a sample of the test specimen of the same ultrasonic: qualities. A notch

is placed ill both the in~idc and outside diameters of the pipe or tube. ,Unless otherwise

specified, each notch should be approxiinately 1-1/2 inches long and a depth that approx

imates3 to 5% of the wall thickness.

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

each of the artificial discontinuities at 900
, 1800

, and 2700
• You then mark 'the amp-,

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.

What sort of artificial discontinuity reference indication would you receive under

these conditions? How can you determine if your indication is from the inner or

outer surface notch? You can't. You're likely to receive an indication that is a

combination of the reflections from each of the notches. It is preferable to place

one notch at each end of a reference sample. li, for some reason or other it is

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

them by 1800
•

Turn to page 3-35.

'True

.F.alse. . . • :,' • • . . • . . • . • . . . • .• • • • • • • . .• • . • . • . . . . • . • . .

Page 3-34

Page 3-35

..

:" .~'. :~......

-.... :- ..•.-r•.. >
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1... Given a choice of a 1. 0 or 2.25 mc transducer for testing a casting, the most

6. Discontinuities in rolled plate are likely to be oriented to the

'That's right. The reference notchl'S on tl)(· inner 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 purposes. It is preferable that the i.nner and outer diameter

reference notches be placed at opposite ends of a reference sample. If it i.s necessary

that the two notches be placed on the same cndof a sample, they should be separated

by 1800
•

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 mwelds - but first let's have another shott review.

Turn to page 3-36.

From page 3-35

practical selection is the

5. angle

surface,

10. straight

me transducer.

11. An transducer should be select~~

to conduct an ultrasonic test on a section of 6" pipe.

15. mark.er

16. Standards are prepared for pipe and tubing by machining reference _

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

Qr other specimen of the same ultrasonIc qualities.



3-37

1. 1.0

2. Knowledge of probable orientation of discontinuities in test specimens is

important to the u1trasoni~operator. Discontinuities in forgings are likely

to be oriented'...Ip~ ~ to the direction of working.

6. parallel

3-38

.--..,;..----------'""T"---------.,...~

2. parallel

3. In testing bar stock from the end. discontinuities can still exist in the bar

and not cause reflections if they are orienteel to the length of

7. reference notch

7. When testing plate materials, the discontinuities are sometimes compared with

reflections received from a ~r,--· __,_-n!!'-- of

given .dimensions called out hi the acceptance standard.

11. angle beam

r>

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

to reduce the effect of "skip distance" overlooking some discontinuitIes.

12. second critical angle

-I----------.-J
12.

16.

17.

For generating surface waves, the ultrasonic operat.or needs iuLangle beam

transducer with a wedge angle that lies beyond the _

-----,---_..

notches

Turn to pag(l 3-:,41.

13. With a transduc~r in a fixed position during ultrasonIc testing of a pipe~ some

___discontinuities may be overlooked by the sound beam as it travels ar~\md the

pipets circu~ferencedue to skip distance. This can be overcome by

the pipe from end to end.

.. ..

1
~

I
I
1



3. parallel

3-40

4. In a diametrical inspection of bar stock, sO\llld transmission can bc improv

using a transducer having a ~c,---- =s that fits the

radius of the bar.

5 With a choice of straight and angle beamtrausducers, the-------
beam transducer is the quickest for testing a large plate.

Return to page 3-36,

frame 6.

8. two 9. variable

The best transducer to select for generation of plate waves in a· thin plate t
Ione that has a v angle. I

(

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 1J.

13. scannblg 14. right

14. Assume a shear wave is being transmitted into a pipe in a c1ockwisedir~c:

A··discontinuIty exists. at a point 220 degrees around the circumference fro

the point of entry of the sound beam. With respect to the revolution indic:!

on the CRT, the discontinuity will be to the _

15. During pipe testing, distance from the transducer to a discontiJiulty can be

measured on the CRT by utilizing the circuit In the test instrument.

Return to page 3-36,

frame 16.

,
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l.et us proceed nmv to the consideration of contact testing in locating discontinuities

in welds.

. ' ,

Welds may cOlitain discontinuities of varying types such as porosity, cracks, lack of

fusion, incomplete pentration, and slag indusions. The acceptable qual~~' of a weld

is a function of the total 'quantity of discontinuties in some ·linear distance of the weld

as well as being a function of the thickness of the material being welded.

Welds may b~ ultrasonically tested by either straight beam or angle beam technIques

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, belmy; while the weld bead may extend above the surfaces joined

by the weld when angle beam techniques are used as shown in View B.

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 allticipated and on the material joined by the welding

process.

Turn to page 3-42.

VIEWB

The cQuplant used in testing welds may either be oil or \\'2. tel' with a wetting agent

(detergent). If the surface is flat, water with a wetting-.gent will be more satisfactory

since it wiII leave 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 cQuplant.

__When te~ting a weld do you think you will receive any reflections from the weld area

even if there are no discontinuities present?

No •..•.•.... '•..••...•..•.......... '..•............. Page 3-43

Yes ......•....••.........•.•......•.....•.......... Page 3-44



From page 3-42 3-43 From page 3-42, 3-44

Sorry. You will receive a reflection from the weld area cyen if there are no discon

tinuiticsprcsent. Remember, there is a fusion zone on each sick of .tbe weld whe re

It joins the base metal. These will cause a small refledion and the weld itself con

tain~ 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 indications are conling upvery shortly.

Correct.' The fusion ...ooes between the base metal being joined and the weld area

will cause small indications due to reflection.

Illustrated below are some typical indications fro111 welds. In View A a satisfactory

weld area is shown with the fusion zOlles 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.

Tum to page 3-44.

~LD

VIEWA VIEWB

:

I
i
!

f
f

•
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••••.•.•.......•..•...•.•.. Page .3-45

Excessive porosity .absorbs the sound beam .••.....••...•.••.••• Page 3-46
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!,'rotJl pngl! 3-·14 3-46

Thatis rj~hl. !f the indication ontlic CRT d()cis not show the fusion zones it is an

indication that the sound beam has not penetrated the weld. And failure of penetration

is not an lUlcommonoceurrenec. When ithnppens, you simply change the frcquency

and try again or change the position of the transducer.

In order to scan the welded seam over its whole cross section at one particular spot,

you move the transducer forward and backward, alternately approaching and moving

away from the weld a distance of 1/2 to 1 "skip distance" from the center of the welded

seam as shown in View A, below. At 1/2 the "skip distance" the beam axis strikes the

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 13 and C.

Your selection is not correct. If you fail to receive indk:ltions that show the sound

beam has penetrated tln'ough the weld, there will be no reflections from thefusion

zones.

Excessive porosity would not be the cause since there would be a reflection from the

nearest fusion zone and reflections f~om the center of the weld 'where the porosity

occurs.

. Turn to page 3-45.

VIEW A VIEWB ViEr\' C

A reflection will be received from a discontinuity in the weld even when the centero!

···_--·-·-the-beam'does not-strike it: -Theniaximum reflection, -however, will be received

when the dlscontinui~y is struck. by the center of the beam.

False ••......•.••.•••.......... '. . . • . • . . • . . . • . . . . . .. Page 3-47

True . • . •. . . . . . . . . • . • . . •. . . • . . . . . • . . . • . • . . . . '. . . . . . .. Page 3-48

....

... .::..
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Your selection is not correct, A sound beam is strongest in the center and grows

progressively weaker as di;tance from the center increases. The reflection from

a discontinuity will be stTongcst 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,

Correct _ A sound beam is strongest in the ccnter. Maximum reflection from a dis

continuity is received whcn it is struck by the center of the sound beam.

It is necessary to understand skip distance and tIte 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.

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 nodes there will be no dampening

of the sound wave.

Skip distance is a function of which of the following factors?

". Frequency .,.........., ••,......,.,., • .'.,', .. , , •. , Page 3-49

Wedge angle . , , , , , " '.' , , • . • . . • . , . , . • . , .•• , . • , . • • . .. , • , . Page 3-50



From page 3-<18 3-49 .
From page 3-18 3-50

If you have turned to this page it indicates you think sk~p distance is n function of the

frequency of the sound wave being transmittC'u into the test specimen.

Consider now what determines the angle of sourid in a material. Ipn't this due to the

angle of illcidenceof the sound beam 011 the test surface and the ratio of the velocity

of sotUld in the wedge to that ill the test specimen? It is! Since frequency 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.

That's rigM. Skip disbncc if; determined by tlw nnf~l{' that sound enters the test

specimen, which, in turn, is determined by t.he angle' of the Lucite wedge.

Once the skip distance is knovm, 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 th<: 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 moye the trans

ducer in a zigzag path from one chalk mark to the other, progressing along the .test

specimen to completeIYP'.can the weld. Contact between the transducer and test sur

face must remain uniform throughout tIle scanning path as spurious indications will

be received if good contact is not maintained.

__--c.CHALK MARKS

Serious discontinuities in the weld seams, such as cracks and slag streak~ usually

extend longitudinally along the seam and give particularly clear echoes when the sound

beam strikes the joint at rigltt angles,

Will 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?

Decrease

Increase

• • • ., ..... a , • • • •• ~ • • • • • • •
Page 3-51

Page 3-52
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"Skip distance" will not dec]'(l:lSC 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 nodes will remain the same, however as the thiclmcss incrcases the

sound must travel further between nodes to the surface. The correct answer is that

the sldp distance will increase as thickness of the test specimen is increased.

Turn to page 3-52.

C'

Correct. Skip distance WilllIJ.01~:!lli£..asthe ihh-kuu;s of the test specimen is increased.

The angle of refraction in the test specimen and the angles of reflection within the Spot'l

men will remain the same but, as the thiekncss is inercasec1. the distance between nodes

will increase.

Generally, the angle of sound beam incidence selected should be as large as practical

when testing welds so that the Incidence is as nat as possible. At steep 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 sensiti.vity of the tcst 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

. refraction is 9OO?

Skip distance t(>o great . . . • . . . • • . • . . . . . . . . . . . . . • . . . . . • • .. Page 3-53

Surface waves produced. . . . • . . . . . . • . . . . . . . . • . • . . • . . . . . .... Page 3-54
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Your ,·wkdion is not the best of the two available. All beam anl~lc is increased, skip

disbtl)('i' inereases. The question poses the probkm that the angle of refraction in the

test f:p(~dmell is gO". This is the second critical angle and will result in no shear waves

bein~~ !,}'odueed in the test specimen. Surface waves will be produced that will flow on

the sudaN' of tlle specimen but these will not penetrate far enough below the surface to.

locat(· dIscontinuities in the weld.

Turn to rage 3-54.

Exeellent. If the angle of incideuce hecomes so great thnt the angle of refraction in

the test spechnen is 90° , . shear waves will no longer he produced; surface waves will

result and it is not possible to thoroughly test a weld with surface waves.

The following table proVides 11 comparison of the most favorable beam angle for testing

welds in materials of varying thickness with the weld bead gl'OlUld down flush with the

material surface and.also with the weld bead not removed.

r---

WELD BEAD GROUND ON BOTH SIDES

SHEer THICKNESS BEAM ANGLE SKIP DISTANCE
lINCHES) <DEGREES) <INCHES)

0.2 - 0.6 80 2.2-0.6
0.6 - 1.2 70 3.2-6.6
1.2-2.4 bO 4.2 8.4
OVER 2.4 45 4.8 AND UP

WELD BEAD NOT REMOVED

0.2 - 0.6 ao 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 increased, beam angle

should be increased.

......'"

True .

False .••..•.••.

Page 3-55

Page 3-56
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The statement on the preceding page is "[etlse", As the'thickness of the material is

increased, the beam angle shOttld be decreased.. If not, the skip distance will increase

and this creates problems in the sensitivity of the testing system. Henwmber, as the

skip distan~e becomes greater, sensitivity decreases, Therefore, in selecting an

optimum beam angle in relation to material thickness, skip distance must be ta.ken

into consideration.

Turn to page 3-56.

Good. YOll ddennined the statc'mC'nt was false and you're correct. As shed thid;ncsl>

incH'ases, oC'am angle 8ho\(ld be .5iP(T~!!"::£S!: not increased. Otherwise skip distance

will increase and this if; un(1('sil':thle as it reduces instrument sensitivity.

Let's go on now and learn how the physical location of a discontinuity ean be d~termined

in ang1cbeam weld testing. Here we find the distance shown on a CUT screen repre

sents the angle beam path distance in the test specimen J>!us the apparC'llt distance the

sound beam traveled through tho transckloer 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 Lucitc is less than 1/2 that of steel. which would

make the thickness of the avcrttgetransducer 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 truc beam path can then.be calculated accordIng to the formula a", w (s';n 0')

whC'1'e 0' is the angle of beam inddence, as shown below.

The factor, sin (v. indicates difference in

_relative length of beam path "w,i and actual

distance "a" between the transducer and

discontinuity. Its value for representative

angles is O. 985 for 80c
, 0.939 for 70° ,

0.866 for 60°, and 0.707 for 45°. At 80°

you can see that the beam path and actual

distance arc 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 at 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 ~ngle to the discontinuity?

, . a"inches .. Page 3-57

••

Page 3-59
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Excellent. The correct 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 Rill£" of 600
, given as

0.866. The resultant distance "a,t tells you· the distanct' from the centerline of the

wedge angle to a point directly above the discontinuity.

Assume you are testing a weld ina. steel specimen at an angle of 800
• One half the

skip distance has I:>een determined to be 2 inches. With the transducer in this position,

a discontinuity indication aPI?e.ars 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 strikes 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.

Your selection is not correct. You were shown that when the transducer is 2 inches

from the weld seam cenler, 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.

i

"

Now, assume that while scallmng the weld, a discontinuity indication appears when the

transducer is at a distance of 3~hiches 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 discontinuity is located?

Center of weld seam. • . • . . • ; • • •• • . ••• ~ • . • . • . • • • • • • . • . • . • • Page 3-58

Between the tran.sducer and weld seam ..••..•••.•.•••••••••••. Page 3-60
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You guessed on this one,didn1tyou? You were given values of sinO' for various

beam angles. The value given for a 60° degree angle was 0.866. Now, if "w" equals

6.9 inches (7.9 inches less 1 inch inwedge), you multiply G.9 by 0.866 and obtain

~n 'answer of 6 inches as the distance from the centerline 6f the wedge angle to the

discontinuity.

Turn to page 3-57.

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 mcan that th~ discon

tinuity is between the transducer and the weld.

Next, assume that .the transducer is at a point 2 inches from tbe 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.

).

•

Assume again that the skip distance at an angle of 80 0 is 4 inches. During scalming,

the center line of tile angle wedge on the transducer is at the whole skip distance line - .' ,

when a discontinuity indic~~~n appears on the CRT 5 inches from the initial pulse.

The discontinuity is. • .

Beyond the weld .: ..•.•..••.•••••.••....•••••••....•..• Page 3-61

In the weld ....••...•.•.•....••••••..•••••.•........... Page 3-62

.~)



From page 3-60
3-61 From page 3-60 3-62

No. The discontinuity is in the weld. By tuming to this page you have indicated that

youforgot to consider the effect of travel of the soundwave in the angle wedge. Tins

is equivalent tol 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 R b" t" " ." . " emem sr. 00,

that at an angle of 80° the angular path of the sound beam is considered to be the sanJe

as the distance measured parallel to the surfac~. These considerations mean that

the reflection from the discontinuity occurs in the weld.

Turn to page 3-62.

i.

An excdlent choice. The discontinuity is in the weld. At 80° the angular path of the

sound beam is consldered the same as the distance measured parallel to the surface.

You took tllis into consideration as well as adding the dis!:mce required 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 dist~nce 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 testillg ruler

illustrated below.

T 8 T 8
,-,./CALl8RATED1Jl/3".f'Sj;:Y WELD RULER

~
'L ~! DEFECT LOCATED
----:....~.;;........;;;.;.;;;;....,....... UNDER ARROW

" /) I" /'!
SIDE VIEW \."'<~ I ......,<"" )

·TOP VIEW

A full explanation of the use of the weld testing ruler will not be given since this device

mus"~ be calibrated against the thickness of the plate, the angle of the Lucite wedge to

be used. and the material composition of tlle test specimen. Calibration mar'ks··on tlle

ruler must correspond 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 ~esting ruler that has been properly calibrated for the angle of sound in

the test specimen, specimen thickness, and the test instrument w1l1 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 discontinuiHes in a weld in a 1/2-inch aluminnm

plate. Which of tbe following reasons would explain this?

'1"""

" Page 3~63

P{lge 3-~4

Different reflection angles. . ••• . .• • . • . • • • . . • • • . . .

Differ~trefracti6naIlg~-e~••"•• ". : ••••. "•• "•..• ~". " .• "••



From pllge a-62 3-63
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Loolu.; ;11' if you have forgotten the difference between "refraction" ami "reflection".

When n bOUlld beam pass~s from one medium to another, as from the Ludte wedge

llHOd in :Inl~le beam testing to the test specimen, it will be caused to bend. This is

rer!::.~I_(;_!:!..~I~. The amount of bending· is dependent on the ratio of velocity of sound in

the 2 nwdiums.

The amount of refraction in going from LucUe to steel will be a certain fixed amount

and will result in a fixed angle of propagation within the test specimen. The angleof

reflection at sound wave nodes will be a fixed value depending upon the initial a-ngle

of propagation.

The initial angle of propagation in aluminum will differ from that in steel assuming the

same angle of incidence because of the difference of sound wave velocity in the 2

mediums.· Again, the angle of reflection as the sound wave travels in a zigzag pattern

through the test specimen will be determined by the initial angle of propagation in the

test specimen.

Turn to page 3-64.

That's right. A weld ic-sting ruler that is suitable for locating a discontinuity in steel

will not he adequate for use with an aluminum specimen due to differences in refraction.

When testing aluminum, it is necessary to use a ruler that is calihrated for aluminum.

Assume now that you have available an International Institute of.Welding (II\\') ultrasonic

reference block for usc in standardizing the test instrument for testing welds in steel.

You'll recall the IIW block was described in detail in Volume II. In general, instrument

standardization for angle beam testing of welds in steel using the IIW block is accom

plished as follows:

1. A 5 me straight beam transducer is first connected to the test instrument to 

make the initial adjustment. This transducer is placed on the IIW block as

shown in View A, below, and the test instrument sweep is adjusted to obtain 5

reflections spaced as shown across the face of the CRT.

I7 JIC? ~ ~90.CROOVE
o .OoO-INCH HOLE

:
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"
I

"
III 'II

102 4 £> 8
TRANSVERSE WAVES, IN.•

VIEW A
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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 IIW block as shown in View B, a.bove.

..
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3-66

From. page 3-64

travel time in the Lucite wedge.

3.. At this point we again adjust the instrument sweep so the back reflection occurs

exactly at the 4-inch mark as ShOWTl below.

tIN.

POSITION 2

: t
: +

I
: ~ A.1 It ~A .1 k... lAw/1l tl !.1I ~,jl ,A- v IV

II III III In . III :lIT 'II III III
0 1 2 4 5 6 7 8 9 10109874 5 b

IN.

POSITION 1

t

5. Fhully lhe transducer is placed in each position sho~vn below', and moved back

and forth on the block's surface until maximum reflections are obtained from

the O. OGO-inch hole. Sensitivity 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.

o
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1111 II : II I 111 'Ill I III II InT

7 8 9 10

t t
,.3 4 5 6tiN.

I~ I l&
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4. Instrument sensitivity is then adjusted to such a level that reflections from the

O. 060-1nch hole and the 900 groove in the IIW block can be recognized. These

reflections 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.

The CRT pattern you obtain will be :o;imibl' to that shown in View n on the

preceding page. Note the position of lhe fir!>t back reflection and itR distance

from the 4-ineh mark. We find this dist:mcc (A) represents Ow S()\lnd beam

Turn to page 3-(;6.
What is the purpose of adjusti~g the instru~lent so that the reflection from the nw

block arc occurs at precisely the 4-inch mark on the CRT?

CRT distance accurately represents sound travel distance

in test material . . . . • . • • . . • . . . . . • . . ..• -. • • . . . • . • . . . Page 3-67

Unwanted indications from initial pulse are eliminated •........... Page 3-68



From page 3-66 3-67 Prom page 3-G6·· 3-68

Corr~ct. The adjustment ofthc refleCtion is for 1hc purpose of calibration. The CRT

. can thclI> be used to accurately indicate distal1cC'·of ~ound travel in a tcst specimen.

This brings us now to the use of the direct reading ultrasonic calculator for weld testing

when the plate thickness of the test specimen and angle of the transducer arc known.

Cards similar to that shown below are available commerciaiIy and are quitf,l handy to

use.

It is true th:lt by adjusting the insh'ument so that the reflection from the arc occurs at

the 4-inch mark on the CRT I the initial pulsa will move off the CRT to the left. How

ever, this is not the purpose of thc adjustment - the purpose is to calibrate the CRT

sweep so that it can be used to accurately measure distance of sound travel in the test

specimen.

- 11 I-

- ~!lO I-

- I riO .. I-

- V60 I-

- ~p I-

o 2 4 (, 10
Turn to page 3- 67 .

The horizontal scale across the top 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 are 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.;.

Hon in the specimen. A typical example using this form of calculator follows,

Turn to page 3-69.

II

'.
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From pagc 3-67 From p3ge3-69

II

3-70

Assume now that we are t.esting an X-weld with an opening of 30" in a 2-inch steel plate.

The transducer we're using has a 60° incidcnce angle in steel.

1. First we draw a line representing the sound path from the upper left corner of

the card' (representing 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.

Yom' answer is incorrect. Note the location of the discontinuity. It is at the boundary

between the specimen and the ,veld metal. In tlus 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 penetration is caused by molten weld material not flowing through

out the area to be filled.

Turn to page 3-71.

POINT OF INCIDENCE DASHED LINt

O*-r--,l~,-.-~2:--y-~3..,.-.,......~ 8 10

2. 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 Band mark ofnJie 2 angles in inches, as shown above. Scale should be

the same as the horJ,z,orttaland vertical lines on the card.

3. We next sketch the 30-: X-weld on the plastic slide with the dashed line repre

senting the exact center of the weld and place the card in the slide;

4. Letfs 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 al?Pal'~t in the above ex~ple?



From pogo 3-69 3-71
From page 3-71 3-72

That's l·ight. Tho indicated discontinuity is causl'cl by a lack of fusion hetween the edge

of tht' specimen and the weld.

Assume now we're testing a V-weld with an opening of 30" in a 1-1nc11 steel specimen.

The trunsdu{'er angle of incidence is 700.

Incorrect. In this C'xample the discontinuity is located at the lower part of the V-weld

where the 2 sections of the specimen are joined. The dis('ontinnity is caused by lack QL
:Q~etr().tioll. of the molten weld material into tM::; space and not by bck of fusion between

the weld mah'rlal and specimen.

1. The sound path is drawn on the card from the upper left corner toward the 700

mark on the arc and down to the horizontal1ine at one inch (point A) a.sshown

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.

Turn to page, 3-73.

B
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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 tile transparent plastic slide, and place the prepared card

iIi'the slide.

3. l.etlsnow assume a discontinuity indication at 3 inches on the CRT screen

when the transducer point of incidence is 2-3/4 inches from the weld center-

"line. We adjust the weld centerline on the plastic slide over the 2-3/4 mark on

the card and read the location of ilie discontinuity directly by reading along the

sound paili 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 f?l1owing discontinuities is apparent in the above examples? .,

Lack of fusion • • • • . . . • • • • . . • • .'. . . . . . . . . • . Page 3-72

Lack of penetration•.~ • • . • . •• •• • . . .. • . . •. Page 3-73



From page 3-71 3-73
From page 3-73 3-74

Very good. The indicated discontinuity is caused by lack of penetration of molten

material at the. root of the weld.

The experienced ultrasonic operator ('uri determine the type ofdiscontinuity from the

type of indication on the CRT. Typical indications from the "most common discontinuities

are as follows:

III Cracks and bonding discontinuities in the direction o{ the weld seam will pro

duce a sharply defined indication when the beam strikes at right angles as

shown below.

o Porosity that is spherical in shape wiII produce a sharp echo even when the

beam strikes at an angle to the weld seam.

o' 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.

o A large inclusion such a.s the one shown in the illustration belo\v can produce

multiple reflectiol1swith interference by reflections from· the surface of the

plate.

Excellent. The most practical solution to the prohlem is to test f1';m th~ other side of

the weld seam.

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 is 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.,.inoh 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 detel'mining the magnitude of the reflection that will be received from the

reference hole, at what distance should the transducer be placed from the hole?

PMOSITV

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?

Minimum and maxImum for weld scanning

Mid-point of area of scan...•.•.•••••.••....•.••••••..

. Page 3-76

. Page 3-77

Test from.other side of weld seam

Test at different Wtgle . .• : . ••... :

Page 3-74

Page 3-75
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l'"'rOm page 3-74 3-76

Your answer is ,not the most practical solution to the problem. It will bc much better

to test from the other side of the weld scam and avoid unfavorable multiple re

flections. It may require the selection of several different angles before one can

be found that will give the propel'~iscontinuityindication. 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 defineablc

discontinuity indication.

Turn to page 3-74.

(

Good. The transduccr should be placC'd at the minimum and ma;-::imum points in dis

_tance from t~e center of the reference hole that will be used latcr 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.

.I
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Your an:tWi'J< is incorrect. The magnitude of the r(,flections obtauwd from the reference

hole ~hllllld lw tld.ermined from the minimum anu maximum points to be includcd in the

s('anllinl~ l':tI.h when act.ually testing the weld. This will be 1/2 and full skip distance

from the \.'cn1<:1' of the hole.. Skip distance, of course, is a function of the angle of the

sound bClIl\) incidence on the test surface, thickness of the test specimen, and material

propcdiN; of the specimen.

To obtain the- magnitude of reflection only from the mid-point of the area of scan

would not. provid6 adequate reference information' since this is only one of a very l~rge

number of test points between the 1/2 and whole skip distance points.

Turn tp page 3-76.

(,

,.,.'"""'-...-.--.....==-------"""1---.....- ......------......--~-"""'--...,.,.-.~ ..
}<'rom page 3-76

1. The,:,f "z"--, in a weld between base metal and weld material

will cause reflections on the CRT even though there are no discontinuities present.

[)

4. incidence

5. Skip distance will (increase or decrease) as the thickness of

the test specimen is increased, assuming the sanie material properties and test

conditions are maintained.

8. greater

9. During weld scanning at 60", a discontinuity indication appears when the transducer

is 3 inches from the center of the weld sean1. The CRT indication shows the discon

tinuity to be 3 inches from the initial pulse. Is the discontinuity located in the 1\
weld seam or in the plate. (weld or plate - select one) -------- If

10----------,.-----------------.'1'
12. steel



.->"'p~' J."

1. Fusi(in :WllC 2. pcnetration

5. increase

2. During testing of a weld using anglc- heal!) tcdllliques, only the front surface

reflection appears on the CRT. This is all indication of lack of p •

of the sound beam. r)

3. The maximum rcfleetion f1' d' '.
. om a lScontmulty is received when the discontinuit
lS struck by the y

------'-- of the Sound beauL

6. It is desirable to llselarge 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 sh~ar waves in the test specimen' exceeds ------- r\
degr eos . l/

7.
A relationship exists between the thicknes f .

. s 0 a test speclmen and the most
desIrable sound beam angle' th
'. III e specimen. As the thickness of the test

speClmen IS increased th
, e sound beam angle should be--------

.-......----------...,...,----..............._....._-"""'--_......---_.......,.....-....._"""'...'-~

9. plate 10. 80

10. _~ssume you haye angle beam transducers available that will produce ltDgles of 60,

70, and 80 degrees in a test specimen. One of these, the _·__degree trans,,:,

ducet, will produ~e a beam that travels very nearly the same distance in the

material as distance measured on the surface.

I--....-----------"f'"'------.....-------------------.
13. scanning

14. Tu.-n to page 3-82.

11. A weld testing ruler i 'tabl'
.' S SUI e for'locating discontinuities in welds in steel

WIll not be suitable for use with a1
r .' .uminum specimens because of differences in
----- angles in alwninum.

t:\.....'...
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-~ .....:.. . .~~" .~~.> .. ' ~

·~~~~~t~;~i{J~~~~~J,00j~·;:'.··
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From page 3-79
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READ PAGE 4-1 AND CONTINUE AS BEFORE.

TURN-OR ROTATE,THE-,BOOK 1800
- LIKE'THIS

d t start bacle throur.rh the book and read those upside-down pages.
Now'you are rea Y 0 <> "

--
3. centcr 1

'.I
I

1, Skip distance in a test specimen will change as t~eangle of
\

is changed. 1
1
I

GReturn to page 3-78,
!

'., !
frame 5. I

,- I
~:;.' i

i
1

7. decreased I

\

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 distauce between the wedge centerline and a point on the

surface directly above the discontinuity? GReturn to page 3-'78,
frame 9.

-.i:;..~

1I. refraction

12. International Institute of Welding (IIW) refer~nce blocks can be used for standard-

izing ultrason.ic instruments for testing welds in only.

¢. Return to page 3-78.
frame 13.

t)
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CHAPTER 4 - PULSE-ECHO/THROUGH TRANSM1SSION TESTING USING

THE lMMERSImfMETIIOD
4-1

t'rem page 4-1. 4-2

In Chapkn-i 2 and 3 you learned the application of contact testing and the various

techniques used to properly e\;alnate discontinuity indications. Many of thescapplica

. tions and tcchniques arc also uscd in immersion testing. Therefore, thischaptcr on
~. .... .

immersion testing will cover only the equipment and techniques peculiar to immersion

testing and the indications tha(may be eh.-pected when conducting tests. Little additional

discllssion will be given when the. pl~inciples·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 both 'the tt~st specimen and transducer

are immersed in a tank and the sound must traverse a short distance of liqnid (usually

water with a wetting agent) before reaching the surface of the test specimen.

Turn to page 4-2.

The equipment reqll1red in immersion testing dcpends upon till:' particular tc!ting

problem or application. A typical installation will inclUde the following items:

• tntrasonic test instrument.

co Test tank to hold coupling medium (water) and test specimcn.

• Scanner tube for holding transducer.

• Manipulator for positioning t~ansducer.

• Carriage to support manipulator and permit moveme~t 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 permit rotation

of symmetrically-shaped specimens for automatic scanning.

Water used in test tanks as a couplant usually requires the addition of a wetting agent.

The wetting agent serves the purpose of. . .

elimination of air bubbles

aerating the water .'. . . '.' . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . .

Page 4-3

Page 4-5



4-3 From page 4-3

•

4-4

Good. The "weLting agent" ~dded to the water in the test tank is for tlll.' purpose of

eliminating air bubbles. We can CAvect the rifaximum transfer of sound energy into the

test specimen when there are the fewest obstructions - air bubbles ar<.> a ddinite

obstruction.

Before considering the test 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 transdu~er 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.

UANUAL POSITIONER

Automatically operated carriage units include a motor and drive mechanism for moving'

the transducer across the width of the tank and indexing in smaIl 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 you want to determine the extent of

the area of .a large discontinuity?

Your answer is incorrect. Under practic:al 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 pOSitio1l0t' 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 4-6.



From palCc -1-2 ~ 4-5
From page 4-3 4-6

When we ·add a wetting agent it is for the purpose of getting rid of air rather tlllUl adding

ii.If you were to "aerat~"thewater it would reduce its €ffcctivencss as a conplant

. since ultrasonic sound has just as much trouble getting through an air bubble in water

as it has in getting through free air. Your selection should ,have been "elimination of

air bubbles. i, When there are no air bubbles in the water that surrounds a testspec1

1110n the water "wets" the surface better and we have a better transfer of sound from

tile water to the test specimen.

Turn to page 4-3.

..

Fine. You arc quite right in stating that the manualpositioncr is used when you want

to adjust the position of the transducer parallel to the test surface.

The "manipulator". you'll recall, is used to precisely raise, lower, or change the angle

of the transducer with reference to tile test surface of a specimen. The unit is so de

signed that the preset transducer J)osition will be accurately maintained during all speeds

in automatic scanning.

hi contact testing you learned that the angle i:qlprintcd on a Lucite wedge used in angle

beam testing is often the angle of refractio~'in a given test material, not the angle of

incidence. Which of the following angles do you think is shown by the angle indicator

on the manIpulator?

~.......

Angle of incidence attest surface ..• .- ••..•..' .......•.. Page 4-'1

., "." ~ -", ~ .. Page 4-8 _

-'



From page 4-6 4-7

From par,e '1-6 . 4-8

Correct. The angle shown by the angle indicator in the manipulator is the angle of

ine~~IlQ.~.at the surface of the test specimen.

The scanner tube, shown on the previous page with the manipulator, pJ'ovides a rigid

coaxial connection with ~watertightmount 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 rais.ed or lowered to adjust water

distance betvveen the transducer and test specimen?

Scanner tube-. . . , ; . . • . . . . . . . .. Page 4-9

Manipulator ..............•...........•..... '. . .. . . . . .. Page 4-10

\

. Incorrect. The angle bhown on the angle indicator portion of the manipulator is the

angle of the sound beam in the water medium, or angle of inc~ckllce at the test surface.

It is then n~'eessary to apply Snell's Law and calculate the angle of refraction 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 <1-7 4-9
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T.hat's right. The scanner tube is moved vertically by the manipulator to change the

water distance between the transducer and test specimen.

Now let us consider the test frequencies 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 crystals 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 mc. 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 mc or 20 me as a test frequency. Which should be selected for the

best resolution of small discontinuities?

No. The m~nipulHtor is not raised and low~red to adjust the water distance. We

raise and lower the scanner tube using the manipulator to perform this function.

Remember. It is the manipulator we adjust to raise, lower, or changc the angle of the

scanner tub(~. And it is the scanner tube that holds the transd).lccr.

Turn to page 4-9,

10 me... , ..•... . " . Page 4-11

'20 me .. '.' :.........•.......... " . Page 4-12

~:.~.
.-. ~'l.".
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You picki'c! tlw wrung one, If you walli to cktect the smallest discontinuity, seIPel Ow

highest fn'quellc)" avaUabJ,!:'. This" 'in turn, will provide a sound be-am of th' sh'rtesi

wavc]('l'll;lh - the shorter the wavelength, the smaller the discontinuity th;,tt the be;',l1l

can "scc,"

You can "se(1" a much smaller discontinuity at 20 mc than at 10 me.

Turn to page 4-12.

VE'ry good. If you want to lklcct VCI'Y small discontinuities and you hav(1 a choice be

tween a test frequency of 10 me and 20 me, thc 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 tbe manner of construction. Since the transducer is

immersed in water during testing, it fo110\\'8 that it must be watertight. You havo

already learned that it is possible to make the transducer crystal much thinner for

immersion testing since the transducer does not come into contact with the test speci

men and therefore is not as susceptible to mechanical damage. The thinner crystal is

what makes the higher test frequencies possible.

Turn to page 4-13.
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Very l~ood. When using a focused transducc}' and no discontinuity exists within the

focal zone of the transducer, no reflection wm be returned for display on the CRT

fonowing the front surface indication.

For immen:ioll testing applications where a sharper than normal sound beam is

required, a ~~c?'1!;~~~1 t1'anseJuc0L should be used. Focusing the sound beam will give bet

ter resolution for small discontinnitks at a given frequency and wnf enable you to look

for discontinuities at a given depth bdow the test surface. This type transducer iEl

especially useful in testing an arC;l of bonding between 2 materials.

From page 4--13
4-14

You learned in Volume IT that the focusing effect, illustrated below, is attained by the

lens structur.e on the face of the crysL'll. It can be seen that the lens focuses the

sound energy into a small, well-defined pattern.

Assume you are making a test using a focused transducer with test results displayed

on an A-scan device. Sweep delay is adjusted to "erase" the initial pulse. f'urther

assume there are no discontinuities in the fooa1 zone of the transducer. Which of the

\
TRANSDUCER HOLDING
FIXTURE

Through transmission teclmiques in immersion testing use the same "shadow" effects

for detection of discontinuities as through transmission in contact test-l'n« ~jfa'
• . .,. UJ XllUUln

transmiss"ion of sound e .' h . .
ncrgy IS 0 tamed when there are no discontinuities in the test

speCimen - discontinuities cause reflection of the sound bean .til .
. 1 WI a correspondmg

reduction of sound energy that is received by the receiving transducer.

Accessory equipment for through transmission testing l'S tIl" f . '.
" same as or smO'I€'-

transducer methods with the addition of a holdinO' fixture fo t1 -. d b
b •. . l' 1e secon transducer

This can be either a second manipulator or. if one is not available .
a holding fixf.urc

Similar to the one shown below. •

Page 4-15

Page 4-14

TEST SPECIMEN

TRANSDUCER

_;-----:'~ • • S~"'D LENS

==~I
I I I I I
II I , t

\ I f I "

\ \ : : :
TEST SURFACE \, I I J

\ , I I I

\ \ '"
ME-T-A!-.l-P-A-T-H---,..----'l..-'~-;r-----.

OR ~.-\:,i'l.'I/1r~·-----li----8E1J..1 DIAMETER
FOCAL ZONE !"hi.{
~r-------1I----/ 7',' ~ '\

/ I , I ,
J I I

WATER PATH

Front surface and back reflection.

Front surface only . . . . . •. . . . . .

follOWing indications will be displayed on the CRT?

Turn to page 4-16.
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Sorry. Yon made an incorrect selection. Unuef the hypothetic:,J situation stated the

sGtmd beam will cl'i'!crge .(scatter) beyond the foeal zone of the transducer and there

will be cOl1nidcrabJe scattt'r at the back surface. There will not be enough sound energy

returned from the hack surface to cause an indication on the CRT. A test under these

c'onditions will result in only a front surface indication on the CRT.

Turn to page 4-14.

4-16
}~rom page 4-14

A partial test setup showing uscs of a holding fixturp and the expected test instrument

readout with proper and improper transducer alIgnment is shown below.

RIGHT ANGLE
ADAPTER

I

\

I
1

PROPERLY ALIGNED IMPROPERLY ALIGNED

What is the relationsllip between size of discontinuity and amplitude of indication on

the CRT? Select one of the following:

Small discontinuity - sman indication .................... ., .. Page 4-17

Page 4-18
Large discontinuity - small indication , .
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Your M:l r,dion Is not oor·rcc1. If tl d'
. ·10. lscolltillU1ty is emaIl, more of the smmd C!lCT",,-

gets pw:i. mId a Jarg.Tcr amouut win r.cach the receivll'lg transdllc""'. ...,
"'... The llidicntion on

the CRT will be l~rgcr with a small discontilluity.

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 trausd '
. ncer.

A good rule to remember in through transmission testing is the larger the discontinuity.

the smaller the indication on the cnT.

Turn to page 4-18.

I
I·

I
I

From pnge4-16 4-18

Good, Your analysis is correct. In through transmissiun testing, as the size :of the

discontinuity increases, the indication on the CRT will become smaller. This is be

cause more of the sound wave from the transmitting transduecr is reflected by the dis

continuity and less is able to get to the receiving transducer.

A special application of immersion testing isthe "bubbler" or "squirter" illustrated

below.

TEST 'PEC,'m,-cd~E:';SOUND PATH

WATER COLUI""~~ OVE'R.UN OA,m

TRANSDUCER ~ WATER FLOW

This application is also sometimes referred to as the water column technique. As can

be seen a "bubbler" provides the ilexibility of immersion testing without the necessity

for large test t.."tnks and elaborate positioning equipment. Both straight and <Ingle

beam techtiiqucs ~an be used depending on the bubbler design,

A variation of the "bubblel'" is the high temperature bubbler shovm 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.

FACE PLATE

TRANSDUCER CABLE

~ WATER HOSE CONNECTION

.'

WhiCh Of the roHowlng can be considered an advantage for using a bubbler?

Both straight and angle beam techniques can be used ,. ·Page 4-19

No .immersion test tank is required .••.' • • . • .• • . • • . • . . . . • . • . . . Pa.ge 4-20

•
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Ineol'n:d. It is true that bubhlel'f> can usc both t.Jw straight and angle heam techniques

but tllir: j:, no ~;pcciaJ advantage for using a "bubbler". You'll recan that both of these

tcchniquf"s llTe readily applh'd to conventional immersion testing.

Corred. The fad that no immOJ'i3ion tank is required can be considered an advantage

of thc hubbler application. It allows us to still use the immersion principle when a test

flpcdmcn may be too large for immersing as in conventional immersion testing.

The following illustration shows immersion testing with a straight beam and the CRT

indications that will be recE!ivecl.

BACK REFLECTION

OlscmHlNUITY

FRONT SURFACE

r1/ \
L~~l

TRANSDUCER

~_LLL~
IIIII~

BACK SURFACE.~ I I I \ !! -----!---.-DISCONTiNUITY. b Ilil:lJ

Now let's L'ltc another look at the othcl' seleetiCm "no immersion tcst. tank is required"

Suppose we had a large specimen which could not be placed in an immersion tank but

we needed the sensitivity and resolution capabilities 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.

The water-path dist:'l.nce from the transducer to the front surface of the test. specimen

.1s 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, .Qf the front surface

reflection will .appear behind the bad< reflection on the CRT.

Which of the (ollowing will be the result if the transducer is placed too close to the test

specimen's front surface?

Spurious indication .... Page 4-21

Loss of back reflection .•. Page 4-23
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Good. Whun the transducer is toool06e to the front surface of the test spcc~men the

/"(',-,, \ltd front surface reflection will appear Oli the eR T between the fir8t front and back

.surf:wC' refloctions. Unless you realize what yotl are looking at, you may think thisis

. a discolliinuity.

The transducer must be positioned so it is further from the front surface with respect

to the time for soun.d travel 111 water than the time required for the sound -beam to

travel through the test specimen and be reflected from the bacit surface. This is espe

cially important when the test area is gated for automatic signalling 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 in~hes of steel.

A good rule to remember is that the distance from the transducer to the.test s~imen

must be at least equal to 1/4 the thickn~~s of the test specimen plus 1/4 inch as illus

trated below.

No. You must have glwsp.ed at the ans\\,('l' hy t.urning tt' thj~, P:1~;C. The water disbmcc

must be 1/,1 the thickness of the specimen phlS Ill-in,,]). The thickness of the speci-

lllen is ghien af; 3 inches •

1/4 of tlw thickness is 3/4-inch, add 1/4-inch, and your answer is 1 inc11.

Turn to page 4-24.

TRANSDUCER

.'. WATER

. TEST SPECIMEN~

BACK REFLECTION

FRONT SURFACE \

1/2" WATER DISTAND,CE~D,.'.::::::]r-'
INlTlAL.~ ... " ~ \~

-i--..-. PULSE r' I )

'" ';'''41-'''-1J
~/.

Assume you are making a setup to test anal. aluminum plate that is 3 incbes thick. How

much water distance is required between the transducer and top surface of the !'heet?

1-1/2 inches

i-Inch

Page 4-22

Page 4-24
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!m,,-'rrvei. Consider agnin what will happ..::)) if the trrl,I1SdLHTl' is p];t\·c<! 100 <'1o~c to Ow

frout surf:1e,' of the test speeimen. Tlw SCCOlld l'cD.cclic,::fr,nl1 the' \\':llcr-test surface

inh'rfncf' will :lppear on tJ1C CRT bC,twccn tl?e'. front aJld r(:,~lr Sl,rf:·1(·,~ indieations. When

this happens yOtl are likely to identify it as a discontinnity - your answer to the question

should have been "spurious indication. fI What yon think is a discontinuity is really a

multiple reD~cti0ll that wnI always occur.

Turn to page 4-21.

Good. The correct distance betwcen the tran::;duccr and test specimcr. in this test

situution Ii; 1 inch.

Angle beam testing with immersion l:cchniques is illustrated below.

~WAT"

TEST SPECIUEN

The test s€-1np shown above will produce a CRT indicatl.oll1.hat 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 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

Refraction of sound at teat surface

.. Page 4-25

.. Page 4-26
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Fine. y~)U 1'('mcl}lb0rcd the difference he1:wc(~l1 "reflection" and "rC'fl'adiolJ." In this

case till' sl)\l\Id is )'pDccted at the test surfnce al1 an angle and docs not l'(~tllrn t(J the

The fin:11 iit-ill we should con.sider in tllC selection of immel'siOll test equipment is the

C-S~:In recorder.

During :mlllTIlatic scanning it is not practical to monitor a CRT for discontinuity incli

c3ti011$ dUl' to the continuous movement of the transducer and the speed with which

reflcctions from the specimen are obtained. In this case a facsimile-type recording

device similar to the one illustrated below is used to obtain a pIan view of the test

specimen.

As you already know from the discussions in Volume IT, a "gating cir~uiro in the te~t

instrument is activated so that the OQtput olthe test in"strum-ent to the recorder will

only include discontinuity indications that occur in the area of interest. The front and

baC'k 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

conti:ltl.it}- indications. Thus, either a positive or negative recording can be made.

Which of the -following features of a discontInuity are recorded in C-scan?

]oo:;s a~ jf YClt! \\'('1'(' c:lll~hl napping on this one. Refraction is Wh:1l occurs inside the

!t~s..,UU?{:('5Iill'!i ,,"hell til(' ~ol1nd l)('nIn is Q£.!!.! Chll' to the dIlIpren('C' in sound vt'1oeity in

"":lip!, and tlll' ~p,·cillH'n. In lhh; easp till' sOllnd i~ l"l'On'kc1 :11 il1l' slirf:]cC'. It doC's not

rcturn to the trallsduc('l' dlll' to the angle at which refieetion occurs.

Turn to page 4...<~5.

Shape and relative size.

Depth" and shape. , , ..•

Page 4-27

Page 4-28
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Corn'!'l. i\ ('-8(,an recording will displ:1.y !~!l;qw :lIld )·(:.1ativ~ size of a discontinuity

but will not tt'll \1::, how dCPj) it is in the test :;jlCTiilll'n, We know that it is 'within

'the "l!;;J{(''''' :lJ'CiI .. that is all.

After s{,:lnnin~ a specimen and obtaining a C-sean readout, it is difficult in most sys

tems to f':':H'tly relatc~he position of the discontinuity as shown on the recording Lo its

actual position \\ith 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

head and transducer so that it is possible to accurately locate a discontinuity with

respect to the test surface as shown below.

The 8hap<, of a dis('(mtimtity is displa)'€'d - you arc only half-right. The recording

does not indicr,te the dcptll of the discontinuity. You will know the appl'oximRte ocpth

since it wHl oceur sOl1wwlwrc within the "gated" area, but a.ctual depth will he apparl::nt

only by manual scanning and using th~ CRT to measure depth of discontinuity indication:

You can say then that a C-scan recording shows ~hape and relative size of a discontlnu-

ity, but not depth.

Turn to page 4-27.

TRANSDUCER

r

RECORDING

SCAr, LINES.....,======"";;;7-<::;::

~
MOTION WlTtI 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.

Under which of the foY0wing conditions would you want to locatea discontinuitY'Nith

respect to the test surface?

To determine its nature

"

Page 4-29

Page 4-30
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This was :-t gUCf:S, wasn't it? YOll won't be able to detennilw th('ex~lct natl1re of a

dis(:{Intirndty in a specimen unless destructive methodl~ arc IIp.(~d. In ot.hE']' \\"w(\s, you

will h~I\'(: to U::lC other met.hods for identification. Hoth A- and C-SC'tll l'(';){louts wiU

show you that a dis~ontinuity exists and you can determine how big it is and where it

is - what it is, is another question. It may be a lamination. slag, poroDity, or any

of tbe 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.

That's right. Wh{'l! you havc located a discontinuity with respect t.o the test surface

you can detcrmine how dcl'p it is in the specimen. You also ean find out how it is

oriented with respc'et (0 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.

St.andardEati0!l of immersion test equipment, as with contact test equipment, is a

c}wck we make to assure that the test instrument wm provide proper response to

signals from artificial discontinuities in test blocks. This operation is performed

before each series of ultrasonie tests.

There are a numbcr 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. First, examine this setup.

Turn to page 4-31.

TO TEST
mSTRUMENT -- COAXIAL CABLE
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J. Vi rF! we: s'c'leet 2 distance RmpItllll).- \"',[ ),In('ks of the f';U))C material· as that

I.. h" tt'sINl, or of the material pJ'Cf;" I'jl,l:d by tllp ncC'.:.'planee standa~·d. Each

lJ1I,d: .should contain a 3/G4-inch n:.l_ll,,::tom hul£', one h:n'ing a metal clist:ll1CC

COITC'spondi~g to the thickness of tJ)(, I,l::ll<'rbl to be tcsteel; th(~ other havi.ng

1/2 inch metal distance. These arc pJn.ce(] in the tcst tanh.
\

2. Wl.' tlH·m position the transducer over the long(~st blod:, slightly off-centcr

and normal to the surface (perpendicular), and observe the T('~ections on

CHT. Water~traveldistance is adjusted with the manipulator so that the

second front surface refl<?ction occurs after the first back reflection. We

can identify the front surface or water-multiple indications by moving the ,
. I

transducer up and down .. As this is done, the indications will move across t1

face of the CRT screen; the front and back surface indications will maintaIn I

~e same relationship to each olher, while the water-multiple reflections wi!

change posHiol1 relative to the front surface indication.

3. Next we adjust the tra.nsducer angle to obtain a maximum-height front sur

face indication onthe CRT. This will indicate that the sound beam is strikin

th~surface of the test block squarely. Typical CRT indications are shown

in the following illustration.

WATER DISTANCE

The test instrument sensitivity (gain) is adjusted to produce a minimum

signal strength ofone' fun-heir~ht indication from the flat-bottom hole, plus

at least a one-half height second reflection from the flat-bottom hole. For

example: if the measured height of the fb:st indication is 2 inches, the second

indication should be one inel1, This relationship is 5ho\\'11 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 whether. the minimum display of one and one-half .

indications from 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 procedere?

FRONT SURFACE

INITIAL PULSE

BACK REFLECTION

rDQn~T] 2ND REFLECTION - FLAT-BOTTOM HOLE

...
·.•R."" '. '-.1[\. .•.. . WATER MULTIPLE - 2ND FRONT SURFACE. j INDI<ATlDN

~J ....

Uniform response over full specimen thickness.

3/64-irich flat-bottom hole is smallest to be used for comparison

with actual discontinuities .

Page 4-33

Page 4-34

4. The transducer is then moved to obtnin the maximum response from the flat-

bottom hole..

.~toMe 4-32.
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You're ri~ht. The main reason for selecting on<.> hlot::!; witb 1/2-in<;1! mc1.al distance

hom thi.' fron! surface to the flat-boltom hole' ,uld the other with n )net:l] distance that

appl"OXim:ltcs the thickness of the test SP(~CilllCn is to check and adjust the response of

th!' tt'st instrument so that it is uniform over the full ran~e of test slwcimcn UJickness.

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 \-\rill be directly below the transducer.

If the sound beam is striking the surface at an angle, we have anothor 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.

!--VERTICAL

Your :1115\,.',,1' is n~t the best of the t\\"o available. It is truE' that a 3/G·l"ineh fl21

bottom hole may be thc smallest that will be used for comparison with actual disconti

nuities, but the main reason for selecting one block with a metal distan.cc the same as

the specimen, and the other 1/2-inch from the test surface is to adjust the instrument

so that ~E.f~ponseis obtained over the full specimen thickness.

Turn to page 4-33.

5· ANGLE OF ItlCIDENCE

--,.-----------A....,,--tf RSTSPECI"~
Turn to page 4-35.

I
I

I

j
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CRT jndif::l!iull~; dl.11'ing sueh a test might look lil;e lhi~·.

In our illustration, the discontinuity is about 1 inch below the test surface at an angle

of 20° from where tllc sound beam strikes the surface.

The point at whichthcsound 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 t.he 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 appear

on the CRT. This point is marked on the test surface. The sarno check is then per

formed from the other 3 sides of the beam. This locates the area in which the sound

beam enters the specimen.

It must be remembered that the discontinuity will be directly beneath tpo area marked

only when a straight beam is being used. Where the beam is entering the surface 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 incldence h increased from 5°

to 10° and the discontinuity indication decreases, the discontinuity is. . ,

In('ol'rccL, The ma;dmull1 rcflection from a discfJlltinuity is received when the sound

Leam strikes it at n ~lon angle. As the ang'ulation changes, the amount of reflection will

d('crease since a portio)) of the sound beam will be r<:>Dccted and not r<:>turn to Hie trans

ducer. In this cast', you arc increasing the angle and the umowlt of.reflection is de

creasing, resulting in a smaller indication on the CRT. The discontinuity is at a

shallow ang.!2 to the surface.

Turn to page 4-37.

at a steep angle to the surface

shallow angle to the surface ..•....... , '.' .

Page 4-36

Page 4-37
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Good. Af: (h,' :mg'll' of sound beam incidence is ,increased the indication on tll(' CUT

decrt'ns('f; Indicati'lI; that the diseonlilmity !it's at a shallow angle to the If'st surface.

Tlw added :m~lll:1tion causes 'more of the sound beam to be reflcctctlllway from the

tran sell/Cor.

Before going on to the applicatt\m of immersion testing, we should considf'r what wave

modes 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 teclmique, sound can

be propagated in several different modes depending on the test conditions and require- .

ments. The most common wave mode used othcrthun 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?

You~' answer h~ incolTc<:t. Plntc waves £~ bc produced in thin sheets using conven

tional immersion methods, normally using a 2-tram;ducer tcsting technique. It is sur

face waves that cannot be produccd in immel'sion testing.

Recall what you learned about surface waves in Volume I and !n 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 thaUn immersion testing 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.

Plate waves •.

Surface waves ..............•.........................

Page 4-38

Page 4-39

-; .. :".

r-



4-39

G00(J. Y"'l I'l'lI'l'lllhC')'cd that a surface wave will not Pl'uP:lf,,:.1e in W:1Li.:1'. Wah-r caUi>('S

R<lan'l'f'llillr. dr.'C't.nnd a useful reflection cannot be' obtnined. PbtC' waves on the other

h:md (';111 Ill' prorlut.:{·d in lhin sheets imcl used in imnwr~ioll t"e:tini':,

Now kl',.; have a !'>h01:t review on whilt you've learned about immersion testing.

4-40

From:,::' J-="""""'~----"

1. In immersion testing, the principal function of water is use as a

L)

4. scanner tube

5. Given a choice of a 10 me or 20 me transducer, the me

transducer should be chosen for the best resolution of small discontinuities.

[)
8. ahead

9. The distance froDl tbe transducer to the test specimen should be at least

equal to the thickness of the specimen plus_' .

'.,

the front surface Indicatioc wlll bccom'i)

12.

13.

metal spoon

Assume that you receive a I-inch high front surface reflection when testing

with the sotmd beam striking the surface .at a 90" angle (perpendicular), When

the transducer: angle is changed to 20" •



4-41

~.~...,..,-,_..~~""........""....==-"",,-_.;....""""-....,.,"'""'_.........-.......""""'"
----""'.~~~__r

J. (:011plrtnt _~J

~.:...--_._-----

2. One of tho main advantages of immersion testing is use of _

frequencies. so thRt sm~ller discontinuities can be detected.

4-42

2. t~,*"""""""'-T--<=>=""""'~""""'''''''''''~-'''''~=--U'''''-'''''''''

_._---------,-
3. The device used to adjust the angle of the transducer so filat the sowld b(-am

[)
ean be transmitted into a test specimen at an angle is the m _

(>
5. 20

6. no

6. When using a focused h~ansducer, you can normally expect to receive _

(Do) (reduced) back reflection.

~)
1.1

7. A special application of immersion testing in which an immersion tank is

not required is referred to as the 01' _

-,- technique.

9. 1/4, 1/4-inch
10. Standardization

13. smaller

r)specimen.

discontinuity with respect to the .__

Some automatic seanning'systems are equipped with a mechanical linkage

between the C-scan recorder and the transducer to facilitate locating a

_________ of the

11.

J------.....,...~---- ,-...-

S is a check b)T the operator to assure that the test instrument

will provide proper response to reflections from flat-bottom holes in test blocks.

10.

14. shallow

14. Assume a discontinuity returns a I-inch indication on the CRT when the transducer

is at an angle of 5° to the test surface. \\'hen the angle of the transducer is

tnc.rc.ascd t.o. 10°, th.e CRT indic.ation de.creases to 1/2-inch. This is an indicat;".oll

that the discontinuity lies at a (steep) (shallow) angle with t{
,resvect to th~ surface of the snecimen.

15. All wave modes, except ._waves, can be produced in test

specimens with conventional immersion testing techniques.



,

CHAPTER fi - APPLICATION OF IMMEHSION TESTING 5-1

and is raised or lowered to change the water distance between the transducer

3. mo.nipuhtor

4. The s

and test specimen.

7. bubbler (squirter),

______ providt's a mounting for the transducer

Return to page 4-10,

frame 5.

Before going into a fE'w 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 wi11 ten 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 shan be rejected.

Evaluate the discontinuities as follows:

Assume a l-inch indication from a discontinuity and flat-bottom hole. Which is the

larger of the two?

1. Note depth of discontinuity by measurement on face of CRT.

2. Note magnitude of discontinuity 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 thc test block with the same water distance as

used in testing the specimen.

S. Obtain an artificial discontinuity indication from the flat~bottom hole in the

test block.

6. Compare the height of the discontinuity indication from the flat-bottom hole

with the indication from the actual discontinuity.

water column

8. When a transducer is placed too close to the front surface of a test specimen,

the second front surface reflection will appear -'-_,(ahead) (behind)

the back reflection of the CRT.
Return to page 4-40,

frame 9.

11. test (front) surface

12. When testing a specimen manually, a flat m:....- .5!s~ - is

used to determine the area in which the sound beam enters the test specimen.

Return to page 4-40,

frame 13.

7. The discontinuity is rejcctible if the indication is equal to or greater than

the indication from the flat-bottom hole.

15.· surface
Flat-bottom hole •..•..•.•..•..•.•.•. Page 5-2

16. -Turnto page 5-1 for a continuatlonof your study on immersion testing

with emphasis on application.

Discontinuity.. . • • . . . . . . • • . . . . • . . . . . . . • . • . . . • . . . . . . . . . .. Page 5-3



From pa{;e 5-1 5-2 From page 5-1 5-3

Did you foq~(,t? At any time that you receive rcfle<.:thllls thaI are of equal amplitude

from a diKeontinuity and a flat-bottorn hole, you call always judge the discontinuity to

be Ole J:lI'g<·r. This is because of the nature of the two reflecting surfaces.

A flat-bottom hole has smooth reflecting surfaces alld there will be little scattering of

the sound beam with tile majority returned to the transducer for display on the CRT.

On the other iland, discontinuities will always be rougher than a flat-bottom hole, some

of the sound beam will scatter and notbe returned to the transducer; the resulting indi

cation will be smaller.

Turn to page 5-3.

Excellent. You remCll'lhercd that a discontinuity can always be considered to be the

larger when equal-magnitude iJidicatioas are received from a discontinuity and a flat

bottOUl bole. The acceptance standard takes this fact into account when it specifies

a standard for comparison.

. Immersion tests of large, llat 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 strai~ht beam tedmique 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 technique 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 YQuscan from hne edge only or from two edges?

•

Two edges

One edge•.••. , •••••••••••••.••••.

Page 5-1

Page 5-5



!j··1
5-5

That if: (:orn"ct,lf you ar(~ h:m:(Lscal~nillga 1:1 q;c. fbt aI111":11!1um ~:;hl'('l usl1i;: tI,(,

:\l)g-k lw;lln (shear \\':::vc) tcclmiq'tw, scanning ~Jll)Hld he (1<'i:\.' fl'i.nn t\'.o ec1gt,s, SC';:Ullling

distance" as the sound beam zif,7.::tgs across tlw shed,

Cont.ollred surfaces (~iln beeasiIy t.est.ed by immersion, SOl1ll' bl'g't' ultrasonic tCf;ting

lnsta)lations have facilities for automatic scanniDg of comp1('\. Sh:lpr-SWWl tIlt' ilulo-

matic oquipment driven by a pUi'jehed-tapE' inuchinc to match the contour of the s])eci-:

men. This assures that the wate!' distance and transducer angulation is autolll[ltie:111y

corrected to match thech~ngc in test surface contour;

Hand scanning of contoured surfaces requires the 'use of a hollow plastic extension tube

on the end of the tl'ansducm;. The tube is placed in contact \\'ith the kst stirfacc and

thus maintains proper distance between the transducer and specimen at all times.

\\'here the specimen has a constant curvature similar to that shov,'n in the follOWing

illustration, the plastic tube is shaped to fit the conlour of the specimen to maintain

normal incidence of the sound beam.

The plastic tube in the above iUustnitI'on provides propcl; spacing between the trans

ducer and test speci~en as well as proper shape to follow the contour of the specimen.

\Vhicll of the follov,iing properties of the tube describe the effect on'the sound beam?

YuuforgoL n]Hjlll "skip distance," \liun't you? As the sound wave z.igza;~s :lCI"05':; the

sheet of :llumirmm lx~t\\'{;t,n t.h~ upper and 10v,'er surfaces, it is going to skip pn;'t ()f the:

area and you may miss sornC' of the discontinuities. Loc,king at the sheet t:1trR,,')nic:cJly

from two of the edgeS will giv8 much b(>tter coverage. Of course, it will be better if

you can turn the sheet o\,er and check from two edges on the othe'l' side, \Ve ha'·c.

assumed in this case thou[;h that the sheet is not to be turned. "Two edges" is th'::

correct answer.

Turn' to page 5-4,

Conhins and directs the sound bearli .

High acoust~c impedance .

Page 5-6

Page 5'-7



From page 5-4 5-6 From page 5-4 5-7

Correct. In addition to the mechanical job of maintaining pl;opel' spacing between the

transducer and specimen and adjusting to the couteinr of the spccin1cn, the plastic tube

contains and dirncts the sound beam.

Two different tedmiques wiIl be discussed for the testing of cylindrical-shaped sped-'

mens. As an example of the tirst tecmlique, we will consider the testing of dng

forgings..

A ring forging is positioned with its longitudinal axis perpendicular so as to perm it

.rotation about this axis as shown b~low. When shear wave techniques are to be used,

a notch isC'ut into the radial thickness of the forging and the test instrument standard

ized to reflections from the notch:

. L01iGITUOINAL AXIS

SOUND WAVE ~ 'ItRAOIAL THICKNESS

~
~I~ ROTATION

~3!
~ OOTCH {SIZE G'V'O.'O STAOOAJl"

. TRANSDUCER

A right-angle transducer is u~ed to project an angle beam into the forging as it is

rotated with·th~ beam entering tIle specimen opp~s1te to the direction of rotation.' And

the test instrument is adjusted to obtain a maximum indication from the notch on the

CRT. During the test on the forging~ any discontinuity indications exceeding the indi

cation from the notch will be cau'se for rejection.

The ring is scanned frbm t-op to bottom, moving the transducer successively downward

after each revolution of the ring.

Assume adisconti~uityina ringforgil1g. WhIch of the following indications will appear

on tbeCRT?

sinall trontarid back BUl1'ace and discontinuity refleotions.,
;a. '. . ' ., " •• .:. . ' •

. J

The plastic tube docs not offer a high acoustic imped:mc-e con,pnrcd with the water in

which immersed. Its impcdanec'is greateJ' than that of most of the metals that will be

tested by this method, but it cannot be said that one of its properties is "high ~CGustic

impedance" since it offers only smaIl opposition to the passage of sound waves. In

this application the plastic tube "contains and directs" the sOlmd beam.

Turn to page 5-6.



Froni page 5':'6 5-8

Good. This qucstion is an adapt~tion of what you studied previously abot.t the effects of

an angle bcam striking a curved surface. We will receive only a small front surface

refiection and a reflection from the discontinuity.

YOur lU1~)Wt:l' is parl:iaJ.ly correct. In the test sitll::tion under consideration, the'sound

heam is $triJdn~,; It c'urved surface at an angle. In the tT,le~~tioil we assumed a disconli-

- Ttllily, so the following illustration portrays what it', ObSl'l'YPtl on the CRT.

From par;c 5-(, 5-9

~'1' . ~l,:!>YI. '. .

f?,.'.. ,v. ~.~,'- ~"'.,.DISCON.n:WITY
. ~'~~""~\/~~"~.. " ..... .

--....... .

. .

BACKREFLECTIO:4. Straight: beam testing (;an also be applied to testing ring forgings. In this case, the

instrument is standardized by projecting the sound beam perpendicular to the surface.

Instrument sensitivity is adju.sted 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.

n6ring testing, ,the forging is rotated while the transducer is held in a position Per

pendicular to the surface. Discontinuity indications \villbe conventionally displayed

on the CRT between the front and back surface indications.
INDICATION

Turn to page 5-9.

The forging will normally be considel:ed defective if discontinuity indications exceed a
percentage of the back surface indication as specified in the. acceptance st<1J1dard.

Select the best completion for the follOWing statement. The process of adjustiIig a

test instrument to provide a controlled response under simulated test conditions is
known as ..

calibration ..

standardization

Page ~~lJ..,:"':t'."'.·

Page 5::-11

..~



5-10 From page 5-9 5-11

No. Calibr'atioll is the periodic adJustment of an lnstrl~ment in a laboratory undel< COll

trolled conditions with the use of precise standards. Tllis process checks the per-

f
" . f" 11 e'l~tronic circuits as well as the capability of the instrument to provide
ormance 0 a "'''' .. , . , .

, atanoard CRT indications from calibrated reference. blocks similar to the test blocks

used for standardization.

Standardization is adjustment of a testillstrument to provide a cmltrblled response

Wldersimulated test conQitions.

!,

Turn to page 5-11.

C'

Very W,<,(l. Tb', prcJCC'SS uf adjusting a _t£:'..:>L!2.st!:_u_l.l!~~,{_~~~~):"~' ..;,I£~~~!'.:,!}.::.d-.!'':::T:.!.Il;''~~

un1£r:..-,<:!jJ!l,yJ~tj(:Q.Jg~.L(:!J!!!J.iUf!"l]§_ is known as .2tJ!lliL'lE.IIJ.:t,;ill,Q.Il,

Round b:ll' stock, tuhing, and ell rved sections of forg'ings, may be' tested using .,off

center" scanning techniques. In this technique, the tr:lnsdu('l'r is positioned parallel

to the vertical diameter of the test specimen but is displaced to one side of the center

as shown in the il1ustrationbelow (point B). With the crystal off-center. the test

surface is at an angle' other than normal to the sound beam and refraction occurs.

When scanning with the abov~ technique, which (If the following wave modes will exist

in the test specimen?

SeaMing commences from the center, Poil'1t A in the ab(}ve illustration, where the re

fractedangle is .zero. The transducer-is then indexed t,)ward point "B" until a point lR

reached where the shear wave mode is r:efractcd 90" (second -critical angle), This tech

nique will assure that radial discontinuities will be intersected at right angles to the,

face of the discontinuity so the sound will be reflected in the proper direction for dis

play on the CRT.

1

I
I
I

J"
·SheaJ,·and surface \vaveS .. Page 5-12

Page 5-13



From ~age 5":11 5-12
From page 5-11 5-13

Your answcris incorrect.. The initia1 scanning p:ws with the transducer in the center

of the specimen will result in longituclinal waves; As the tl'll.nsducer moves further from

th~ center, the refracted angle will first cause 1011~1l.lHHmtl wnvcs to e>..ist in the speci

men; then as it moves further away from the center, slIeri\' waves will be produced.

Scanning ceases at the point shear wave refraction reaches 90· (second critical angle),

the angle at which ;urface wave~are produced. Reinember. surface waves are daplp

ened out by the water ·couplant in immersion testing and canllot be usc~t Therefore,

we can say then that only longitudinal and shear waves will exist in the te~(specimen

as scanning progresses from the center of the test specimen outward.

Turn to page 5-13.

..,.'

I
I

I
I

Right. Longit"udini1l and shear wave§ 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 pToduction line basis

using either conventional methods with the transducer immersed in water or by us.c of

a "bubbler" whcTe the sound beam is projected through a water column.

Typical ultrasonic indications that may be obtained on a CRT while testing specimens

with different wall th1cknesses are shown below. View A shows the beha\'1or of the

sound beam when testing thin-wall tubing. Much of the sound is reflected from the sur":

face; that whi-ch enters the specimen is trapped in tIle tube wall and will travel around

the cIrcumference until it strikes a discontinuity that will cause a reflection: When no

discontinuities are present, only a very small front surface indication will be received.

c
DISCONTINUITY.IN WELD

~

~-SEMlC·~';
WELD ..

-' .1IN. MAX.

VIEW A VIEWS

~ . "..,

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 larger than about 0.125" waIl thickness, small front and

back surface reflections wUl occur; discontinuity indications will cause a much larger

indication and are readily detected.

The only difference in the above test setups and conditions that will cause the different

indications is . • •

tube wall thickness •.••......' '.' •••.•• : ••....•.••.•••••• '.' ,.... Page 5-14



That's right. The use of the electronic gate on the test instnunent will allow us to

record only tllOse reflections that occur in the area of the gate which will be the weld

area. 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.

....,.- ..
From page $-13

That is correct. The only thing tIlat causes the dHft'I'C1W(> iri the 2 tHT indications is

the thiclmessof 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 tl1e ends of the

tankitllbw the tube to pass through, being so designed that water is retainecl in the tank.

I
I
I
I
1-

I
i

From page 5-14 5-15

A variation of the immersion method in testing of tubing using a "bubbler" is shmvn

below. Tubes are drawn across the transducer which is positIoned to allow salmd

energy to enter the tube wall 90· from the welded area,

VARIABLE ANGLE WATER COLUMN flXTURE

WATER INLET.

TUBE SUPPORT PLATES""" il~WELD"" r MEMBRANE
r---~-. ct i BASE ~TTACHMENT
_____ ...e _

:llYi----- FOCUSED TRMISOUCER

Discontinuity indications will occur under the same conditions as those described when'

the transducer and tube are immerset;l in water. Automatic marking and recording de

vices may also be used with this system to designate areas of the tube that contain

discontinuities.

~ .".

TANK

TUBE

TRANSDUCER
WELD SEAM

If the weld seam contains no discontinuities, no indication will appear on the CRT•. how

ever if there is· a discontinuity, an indication will appear that is proportional in height

to the reflecting Surface. The position of this 'indication will not change and will be

determined by the constant distance between the transducer and ~eam. It is also possi

bleto equip. tile testing system with a marking devtce that will automatically mark the

tube when a discontinuity indication is received, or a continuous-strip recorder can be

used,

The transducer is fastened to a holder 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~n

angle producing a sound wave in the tube wan that travels around the circumference

and strikes the welded seam at right angles.

In this type tCl;lting the weld area only is inspected. What feature of the test instrument

,will prevent unwanted discontinuity reflections be~grecorded?

Gate••• ',..... '.' ••.•. ~.'.•• '•.••••.,~ :. •.•.••.••' •••••••••., ... Page 5-15

What sOrt of standardizing device is used for comparison with discontinuities detected

in tubing when tested by the above method?



From page, 5-13 5-16 From page 5-'14 5-17

Incorrect. The only difference is the thickness of the tube wall. In this case we are

considering that the same angle of in.cidence iSlised. ,If the angle of incidence is

changed there will be different effectsreflectcdin each of the specimens, but that

"factor is not to be taken into consideration in this" example.

Turn to page 5-14.

The questien ask(~d what feature of th0 test instrument will permit vllwantcd tUsconti.nu

ity reflections to bc rejected by the test instrument and not recorded. You chose

"sweep delay. II This is not correct. This feature of the instrument allows us to dday

the start of the' sweep on the CRT for a certain increment of time following this initi.al

pulse to allow "erasing" the water distance from the face of the CHT. 'Ve will see all

indications that are due to reflections from disconttnuities armmd the circumference of

the tube.

If we want to record only wbat the sound beam detects in the weld area. we use the

electronic gale. "Discontinuities occurring outside the gated are-a will cause reflec

tions that we can see on the face "of the CRT but, due to thE: gate, we will only record

in,dications from discontinuities within the gated area.

Turn to page 5-15.



From page fi-lf> 5-18
From pageS-Hi 5-19

By tUl'ping to nlis page you iritlk::ilc you think that test blo('ks arC' usc-<! for standardizing:

the instrunwnt for comparison WiUl.disC'"ontinuity indications from tubIng. This is not

correct. Remember what you learned about ultrasonic tc-slil;g of tuLing in the chapters

on contact testing? You leal~ncd that ~l~£!l:£j).l:.s:0!!.~l~:..s!:!1:tingn.Qi~hes in the

inner and outer diameter of tbe tube. Reflectionsfrom 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,

Very good. Indication:;: as a result of reflections from fjvkhes in a good section of

tubing are used as standards to compare with ren('dians from cHscontintlities.

The use of immcn;ion lesting techniques to tcst butt welds in hea\'y plate is illustrated

below.

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 l'efractecl 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 15° 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 sborter 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?

Shear waves . Page 5-20

Longitudinal wavOS ................•.................... Page 5-21



From page 5-19
5-20 From page 5-19 5-21

fiRST SHEET

Your answer is w ron~. Mode _collycJ'!"ioll to 11':\1181'01'111 t1wwave from longitudinal to

shear docs not occur 1111til the sound !JcaJl1 stdkt·s the--entry surface of the. test speci

meni-At that point it is lransformcdinto 8h£'[l1' waves.' The sound Wave travels in

. the shear mode while in the specimen and is converted to longitudinal mode at thc inter

face before returning to the transducer for display on the CRT.

Turn to page 5-21.

,;

I
\.

Right. The wave modp is longitudinal durin~ thf: time the sound b('mu is traveling

throu~11 the water bC'lwct>n the transducer and test surface.

Several methods of ultrasonic testing of spot welds arc in cUlTt'nt usat;c. Only onc

which uscs manual teclmiques will be discussed in this volume.

The weld penetration technique shmvn in the following illustration requires that the

sound beam be approximately the sam:e size as the electrode tips used to fabricate the

spot welds.

~TRAHSOUCER

l I I j I - ........--- SOUND BEtJ.~ APPROXlf.1ATELY THE.
t t t t..,..-/ SIZE OF THE SPOT WELD

l I ~ , t
I ~ ~ , t

~-\---~-I---:-:~"';-t-----..)
FORCED NUGGET ~SPOT WE.LD

This method of testing spot welds is limited to materials such as carbon steel and

aluminum which have a change in grain size in the spot weld nugget. It can be used

in testing plate in the. range of O. 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 pag'c 5-21 5-22
Fl'om page 5-22 5-23

When a g-ood spot weld is tested, the paitel'lI on tilt' CUT will ~h(l\\, only the double

sheet thickness as illustrated in View A, helow. The ntt.t;nu:ltion of the coarse nature

of the foq;ed nu~get and the surface condition limit tlw number of sotmd reverberations

thnt will occur. As the forged nugget size decreases, the' num1)C'r of double sheet

reverberations decreases arid the number of reflections from the single sheet thick

ness increases as shown in View B.

.E:xC('lknL If the sowld beam is laq.>;er than the spot weld arCl, the CRT pattern \,·m
be a eomhination of singh,- and double-sheet reflections as shown by YieVi R

The ana of bonding betwcccn two materials can be tested ulll'asonicaJ1y with good results.

The fo110\v1ng illm;tratif'J1 shows a tcelmique for usc with automatic seanniq; and record

ing eqUipment. A focm;(,cl transducer with a focal zone at the area of thebcLd is used

to test the area between the two materials. Results are printed out on a C-scan reconi

ing similar to the one shown which is greatly magnified.

TO TEST AND
RECORDING
INSTRUMENTS

t

C. POOR PENETRATION D. STICK WEll)

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

thiCknesses increases and an indication similar to that shown in View C will be seen.

_.. .__.../.M.· ANY DOUBLE SHEET TI1ICKNESSESX"1 WITH LIMITED ATTENUATION

~~
--.?\1 ".ANYSINGlESHEET.·· ktil'~~---~~l..·

•. '.. ~../..1. ~::'~~=:~;';~:~:~IO" /i[ftIII llli.UIJ~.:..,I
'-b-. . ~~

:.. :.... . ..,:. ....._--~ ...~......

FOCUSED TRANSDUCER

80ND AREA (MAGNIFIED)

WATER

B. SMALL NUGGETA. WEll-FORGED NUGGET

A Stick, or paste weld will show many single sheet thicknesses as shown in View D.

Which of the above CRT patterns will result if the sound beam is larger than the spot

weld area?

Assume you are to conduct a test of bonding. Transducers of 10 me and 20 me are

available for usc. \Vhleh should you select for the best resolution of lack of bflnd

discontinui.ties?

View B Page 5-23 10 me Page 5-25

ViewC it it_ it it .. , " . Page 5-24 20mc .. '",. "' -II Of ..
Page 5-26



From page 5-22 5-24
}'rom p:tge 5-2'1 5-25

Your selection is incorrect'- View C shows tl"l<' iildiC'ation that will b0 received when

t111" weld does not penetrate and provide an UH":li.<Onic p:lth bp{wccn thc two plates. The

COTTect answer is "Vicw nil which shows that there :Ire some double sheet reflections

mixed in with the single-sheet reflections. This indic'ation is caused by some of the

sound energy being reflected at the interface bctwcE'n the two plates. the rest being

rehccted by the back boundary of the two-plate combination.

Turn to page 5-23.

Your 5e!(:ctiOil will not give you thcbest resolution of Vel)' small diseolitinuities. 20

me would be the best choice since wavelength wlJJ be shorter at the higher fn,qncncy.

One of the hasic rules of ultral::onics is that the sh~::er thc.._~:::~~C'lel:'.~2.c-!!':8smailer

the discontinuity that can. be d~iected.

TUrn to page 5-26.

~)



From page 5-24 5-2G
From pagt: fi- 2G 5-27

Excellent. The higher frequency will give thebost l'(':;o!utiOJl of the very small discOll-'

tinuitiessuch as you are looktng for in checking the dq;l't'c of bonding between 2

materials.

Metal to honeycomb bonding, commonly known as "honeycomb bond, II can IjJ~e-\vlse be

successfully tested with immersion testing techniques. The degree of bonding, as

well as the lack of bond, can be detected since the degree of bonding is directly related

to the acoustic impedancemisrnatch at the interface between the two materials.

The amount of sound energy th~t is reflected from or transmittedthrollgh the interface

is also directly related to the degree of bonding 60 that variations in the quality of the

bond will be shov.'ll as variations in the amplitude of the reflected signal as illustrated

below.

Which of the following conditions do the dark areas in the above C-scan recording

:Indicate?

The dark arcas on the C-S(;RI1 l'ecording indicate points at which the bonding is good.

Right? Thif'. mCRliS that the sound beam has penetrated through the bonded area to the

back surface and be<::l1 rE:fi"cctcd. In tIns case your selection of an answer should han:

been "reflection from back surfac·e. If

Turn to page 5-28.

. ....;

Reflection from interface .

Reflection from back surface. • . .... • . • . . • •
~..•..

. '" .
Page 5-27

Page 5-28
~)



5-28 5-29

Good. You are so rIghl.. The dark areag on the C-scan recordil1t; indieatl' the sound

beam has p('n"tl;a{ed the bond area. ~md traveled to tpc "lJ:lc1, surface of the specimen

before 'bGing reflected: In the areas where there if: no hond, the sot~nd beam set'S a

discontinuity due to the difference in acou$tical impedance and is reflected bacl, to the

transducer.

Turn to page 5-29 for a review of lllaterial contained in this chapter.

From page 5-28

1. When comparing the height of a discontinuity indication with that of an

equal magnitude indication from a fIat-bottom hole, the discontinuity can

always be considered to be ..

4. longitUdinal

5. Assume you are testing a ring forging using an angle beam. Will you normal~y

expect to receive a reflection from the back surface? (Yes) (No) _

t----.......-----."------------,-----..- ......,,.,"".
8. No

·9. During production-line testing of welds in tuhing, the test instrument is adjusted

so that reflections from the weld area are the only ones that \Yill cause a recordIng

or marking device to be actuated. The .K.... circuit in the inst.rumen~.\....

provides this feature. II
t-------........-~------------ ........._.......---...

12. 20

. 13, When testing bonding between 2 materials, a strong CRT indication will be

received from the bond area when the bond is (bad) (good) _



5-30 5-31

3. Hand scanning. of coniourc,<1 Hurfuccs using immersion techniques requires use

of a plastic extension tube' on the cud of the transducer. The tube is necessary

to assure that the ~ ._._... cL is the same at all

test points. [)

2. straight, angle

2. Immersion tests of large, flat plate or 5h00t materials mrq be conducted using

eitherstraigllt beam or aJigle beam techniques. The beam tech

nique is usually preferred when automatic scanning and recording equipment is

used, while the-.:...-...:... beam technique is faster when scanning a test [)

specimen manually.

.~ ~.__•._~. ~_~.....-J

s-_I_._I_a_l"_g_er_. ~-

5. No
6. reference ·l1otehe8

7.
6. Angle beam imme1'8iOl1 testing, like angle beam contact testing, requires the ti.se I

of~r ..:.:n__ ~ to evaluate discontinuities in rin(;

forgings, piping, and tubing.

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. . r.)
1--........""""'"

9. gate (gating)
10. double

..

L------......,;.........,....-.-;....-----~-.~

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. 1f the

weld is good, will the pattern indicate (double)(single) sheet

thickness?

11. A small and poorly-defined refl e('Hoh is returned from the entry surface 01

a test specimen Whel111sing beam immersion methods.

'0
.. 14. transmission

13. bad

14. A C-scan recording of good quality honeycomb bond will provide a "photograph"

of the scanned area that shows a series of well-defined patterns where the

honeycomb core is bonded to the surface material. An area of good bond is

characterized by (reflection) (transmission) at the E
tnterface.

15. Now turn to page 6-1 for a discussion on irrelevant indications.

I



specimens. In practice, the indications on the CRT are not as simple as may have

So far in your 8tm!)' of ultrasonic testing we h;IVC ('on"id,TEd the t('(:hniqu('~: to he used

in testing materials of various ShHpCS and composition and han;, learned what may be

expected in the way of CRT indications when discontinuities ::'1'(' cllcountl'red in test

1-_3.,.-'_v_,.'_a_te_r_(_li.s__ta_n_c_.e_- ._·r-~~---~~-:
4. Particle motion whc)"l the sound beam 1's traveling thl'ough water between

the transducer and test specimen is always in thc - __ mode.

CHAPTER 6 - mRELEVANT INDICATIONS 6-1

• Electrical interference.

• Interference from the surface of the test specimen.

• Interference caused by refraction of the sound beam.

• Interference caused by the shape of the test specimen.

• Interference caused by material structure.

• Accidental interference.

• Interference from the transducer.

The indications that may be caused by secondary influences are divided into 7 classes,

as follows:

the test instrument and the test specimen. We need to kno\v the existence of these,

what they look like on the CRT, and to disregard them in evaluating the results of

ultrasonic testing.

been suggested. Many CRT indications are caused from secondary influcllces from

frame 5.

Retl.lrn to page 5-29,(J

(Yes) (No)__....,-__

angle

Different CRT indications can be expected when testing tubing with thin walls

back surface?

than those obtained from tubing with thick walls. Assumetldll-wall tubing is

being tested with an angle beam.

back surface

s.

7.

11.

I
I
J

Will you expect to see a reflection from the I
<] Return to p.ge 5-2"J

t- ........ ...._"""''''''''i"*.....''''''''''''''''_..............__..-_'"'~~...9c·....__"''''''.,.,., I

12. Assume a test of bonding between 2 materials is to be made; A choice of 10 me

and 20 mc transducers is available. The best resolution of lack of bond dis-

_continuities will be obtained if the mc transdqcer is used.

Return to page 5-29.

frame 13.

The first 2 classes are caused by malf\mctions in the test instrument; the remai~der

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 e:Kplained

and illustrated on succeeding pages.

t-------.....-------....- .....---....-------.....-...,""""----.
Turn to page 6-2.



From pa~l-, (i-I 6-2
6-3

Fals(, im];('alions resulting from electrical lllterferencc can Iw due to the effects of

noise, power supply, or reverherations in the test specimen.

Noise can be recognized as a vertical broadening of th~ horizontal s\Vel~p line on tIle

CRT. This can be' cau8ed by poor electrical contact in the plugs and receptacles that

interconnect the transducer and test instrument, poor electrical contact between 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 thl;l CRT.

If the noise indication is caused by electl'ical 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 b~ 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 : . .

That's rig-tot. When you rceeive mris(' crr('ds on the CRT, first determine if the source

is lhe spccim;::n or the instrument. If tlw instrument is so equipped, operate the

REJECT C'ontr01 to move the hori~.()nlal trace vertically. If in the specimen, the noise

indicaticn will disappear; if ill the instrument, it wHl rc·m:'lin. If the instrument does

not have rejcct capability, .lift the transducer from lhe test specimen. The noise indi

cation will disappear if caused ]Jy the specimen, but will remain if the instrument is

def(~ctiv('.

An appare'nt discontinuity indiCation that is moving in a horizontal plane along the CRT

trace is caused by the main electrical power supply. probably due to other industrial

equipment. This pl'oblem can also be caused by a defective thyratron (gas filled) tube

in the test instrument. This is the tuhe that generates the ultrasonic pulse. This

indication can he distinguished from a discontinuity since it is irregular and not

synchronized with the time basco

Select the best c'omplction for the following statement. The first step in isolating the

cause of a moving indication on the CRT trace should be ...

test the thyratron tube . . . . . . . . . . . . . . . .. Page 6-5

connect to a different electrical power circuit Page 6-6

determine if caused by instrument or specimen

check and clean the electrical plugs and receptacles

Page 6-3

Page 6-4



}'rom page 6-2 6-4
:From page G-3 6-5

W'nat jf Ihe )101::(- is e:ll1s<:d by the test Spt:c;illlt,n? If so, you might be going to a lot of

trouble lor nothing,

Fir:;t, you should determine if the noise is coming from the spccimcr. or the test instru-

mt::nt. This cun be isolated in on(' of two ways (1) if the instrument has a HE.U;CT

control, movc the CRT trace vertically and if tile noise disappears, the instrument is

operating satisfactorily, and (2) if there is no REJECT control, lift the transducer off

the 1£>st specimen. The noise will disappear if the instrument is not defective.

Once the trotlbIc is isolated to the test instrument, proceed to check and clean the

electrical plugs and receptacles.

Turn to page 6-3.

; .

No, The !!l..~>.~.t~.:.!!s.:H.~~;~Ln!.:.§!st9? to be tahn if you cncOlm!l'r a moving inzlicntion on

the CRT will be to disconnect the test instrument and ~:.•L.::_~:~~~._~;. ..~:...:~;.::..::..::.~.-=-..:::..::..=o..:.:::;.-:"

~~(::!~~J!:~:~j_~. If the pr'obl('rn is caused by industrial C'quipmcnt that. is connected to the

first circuit, the indication wiU disappear when connection is made to a different cir··

cuit. If the test instrtITl1cnt is defective, the moving indication will remain regardless

of which electrical circuit is used, When this is determined, the trouble can be i50-

lated in the instruJne:nt.

Turn to page 6-6.



6-6 From page 6-6 6-7

Right. The first step in isolating the source of electrical intcrfercn~c resultin~ in a

moving indication on the CRT slwuld be :to det.ermine if the troublc is in tlle mainclcc

trical power source. If connection to a different elect.rical circuit has no effect on the

indication, then the't.est instrument can be checked and repaired,

Another cause of electrical~interi~renceis "reverberation (re-ccllo)" in the test speci

men. This can be caused when materials with a very low attenuation are being exam

ined. This interference is caused by the test specimen not absorbing the initiaJ sound

pulse before the next pulse is t;ransinitted. The result will be apparent discontinuity

indications that are synchronized with the sweep line or time base,

These disturbances cannot. be ornitte(l completely but can be reduced to the point that

correct interpretation of valid discontinuities is possible by reducing the gain of the

amplifier in the test instrument.

Interference caused by electrical conditions will interfere with proper evaluation of

reflections from discontinuities. The effects of this interference can be controlled by

the ultrasonic 'operator,

Page 6-7

,Sorry,but you arc wrong. Electrical interference is caused by the ultrasonic test

equipincnt. ]f it is defcctive I numy of the fa ults can be corrected by the operator, or

he can isolate thu trouble to determine that it is definitely in the test instrumcnt.

Turn to page 6-8,

True .. ', .... , .. , , Page 6-8



From P:Jl';t' 6-6 6-8 From page 6-8
6-9

Correct. The effects of electrical interfcn!llcc can be controlled by the ultrasonic

operator.

The next and last irrelevant indicat~onthatresults from a malfunction in the_ testing

systeri1 is due to a loose or def('ctive crystal. TJlis unwanted indication is character

ized by a prolonged ringing which ".'ido11S the initial pulse as shown in the below illush'a

tion, View A shows the front sulface indication that should be eh1)ected _from a good

transducer; View B shows the type of indication that will result if the -crystal should

happen to becOlne loose in its holder, -The prolonged ringing effect will result in very

little capability of the instrument to detect discontinuities.

You're cOJTceL The main advantage of a narrow initiallJulsc of sound is detection

of discontinuities dose to the surfllce of the test specimen.

During angle beam contact testing, using angle wedges, a certain amount of unwanted

reflections arc received from the wedge. Reflections within a typical wedge are shown

in the illustration below.

TRANSDUCER __r-7-:7<'

Ordinarily, a portion of the energy from the transducer is reflected at the interface

between the wedge and test specimen, awa.;r from tbe transducer. rl. small amcunt nf

the reflected energy wiII return to the transducer, and be displayed on the CH'T. The

use 01 Lucite for construction, and shaping wedges properly, .::aU['.f;S a ,naximu;;

amount of sound attenuation so that thc amount actually displayed on the CRT is negli

gible immediately following the initial pulse as shown below,

Better "near surface" resolution , . , , . , , , . , . , , , , ., , ' . , .. , . ,

VIEW A

What is the main advantage of a narrow initiaI pulse?

VIEW B

Page 6-9

Better penetrating power •.. ,_ . , • , , .. -, ... , , , • , •. , . , ..•. , .• Page £':'11
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 elimina.te unwanted reflections from the angle wedge?

Nothing '.'. , .. , , _ , .. , .. , . , .

Experiment with different angles ofincidcncc .. , .

Page 6-10

Page 6-12



From page 6-9 6-10 From page 6-8 6-11

That is cor'rect. There is nothing you can do to eliminate the small reflectl01ls from,

the interface between the angle wedge andtbe surface of the test specimen'. Tlwsc

, reflections are inherent to the angle beam method of contact testing. Once it i~ under

stood that they will always be present there will be no difficulty in evaluating l'CO"Cti(\!l

from actual discontinuities.

The surface of the test specimen,can cause unwanted refleotions that must be under

stood 'When evaluating indications thatappear on the face of the CRT.

When using straight beam test tebhniques with 2 transducers, one a transmitter and

one a receiver. it is possible to have a small surface wave component of the sound

beam tl'ansl'nitted to the receiver as shown in the illustration below, This type of

unwanted reflection can be recognized easily. When the distance between the trans

mitting and receiving transducers is increased, the apparent discontinuity indication

will move away from the initial pulse on the CRT.

Sorry. You answer is not corn'ct. Penetrating power is proportional to the amount

of energy in the transrl1ittcd beam, there being morc power in a longer pulse than a

short one.

Remember. A sho!.!~lse will provide better resolution of discontinuities close to

the surface of the test specimen, And a short pulse cannot be obtained if the trans

ducer crystal is loose.

Turn to page 6-9.

SURFACE WAVE
INOICA110N

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 rubber.1zed 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 surface .....•.•.............. Page6-1~

To proVide a better acoustic imPedance match .. ,•.....•.... , ... " Page 6-1{



'From pil~(' 6-9 6-12

From page 6-10 6-13

;,.

Nothing ('Hn he A"flined by experimentingwitb different angles of incidence - that is, .

using diffe)'(:nt wedge angles. The reflections from the interf;:lcc between the wedge

and tORt specinlt'l1 will always be present to a certain degree during angle heam testing

by the contact method. However, they will" create no problems once it iE: realized that

this is an ever':'present phenomena.

Turn to page 6-10.

You seem to have forgotten the PU11)OSC of a couplant in contact testing.

A coupJant serves the purpose of excluding air between the transducer and surfllce

of the test specimen so th::<t there wm be a maxin-mm transfer of sound energy fror:1

one to the other. A liquid couplant is normally used, but ill certain specialized

applications it is more advantageous to usc a solid material such as rubber, plastic,

etc. Acouplant also serves as a medium to match the acoustic impedance of the

transducer and test speCimen. Ideally, we can have the maAimum transfer of

sound energy when the impedances are equal.

Turn to page 6-14.



From page 6-10 6-14

From page 6-14 6-15

That's right. In the application cited, thc plastic-type material used as a c:onplant

will pro\;ide for a better impedance match between the transducer and test specimen,

'I'his reduces the possibility of gcne'rating unwanted surface waves.

Surface waves generated during straight beam testing can also cause unwanted irrele

vant indications when they rencct from the edge of a test speeimen as shown below.

Your anrMpr is not correct. It ~.!l.J'.~.~.-..I:~~§lli.£..to detect discontinuities in the presence

of unwanted surface wave indications. Once the spuric·us indication is identified as

such, we can difil'(>garcl it and look only for oth('{' indicaliclTIs, There will bc many

occasions whcn indications are p)'csent on the CRT screen which are meaninglc&s

insofa!' as detection of discontinuities is concerned. The correct answer is .. false" ..

INITIAL PULSE

\ .• SURFACE IVAVE .

[~ Me,oEFtECn"

Turn to page 6-IH.

-.'"'\..

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 obtained

that may be interpreted as a discontinuity. This type of irrelevant indication eRn be

deteCted by mC?ving the transducer. Movement of the transdu?er will cause a surface

wave indication to move across the CRT screen with the movemcnt of the transducer.

Is the following statement true or false? It will not be possible to detect discontinuities

Uthe transducer is close enough to the edge of the test specimen that spurious surface

'). wave indications are received.

True.

False.

Page 6-15

Page 6-16



From page 6-14 6-16 6-17

.'

VCi'Y good. It will VCl'Y de:finitc1y be possible to 10<':1te diseontinuitics in the presence

of the5C unwanted surface wave indications. Once the indication is identified as

coming fl'om the "edge of the specimen, you ('andi&regard it and look for discontinuities

witpin the specimen,

You will recall that surface waves .may be used to detect surface cracks in test

specimens. Not an reflections tInt are received from these unwanted surface waves

are spurious indications. Some will reveal actual discontinuities .

/:"C.::~;::~: that you are testing with shear waves using angle beam techniques. A small

surface wave component will be generated as shown in the illustration below. A

surHwe crack will cause reflection and display of an indication on the CUT screen.

Your :-Ill:;\':,'!' i~ not eorrl'd. :\t;\ small ang](' of incidence the sound uc:am will strfke

tlK' sul'foc:(; of the lc:st SIll'{:i IlWJ) <.'1oser to the p<"rpel.!dicular and there will be: less

rdr·uctic.l11 th:lfl if:J I:tq'.('l' angle i:-; used. When there is least rd'racHor" the sIn;iJJ

surface wave component \'I'm lJ(· least. As the angle of incidence is incrc;T.scd. the

sUTl"ace wave component will incl'C'ase until the second critical angle is reached when

tht' refracted beam is compos(>d C'ntirely of surface waves in the test specimen.

Turn to page 6-18.

CRACK

~ I
I ':~~I

Y(\l! <:'?" ...letermine if therefIcction is from a surface wave by running a finger alo~g

t-ht> """face in front ortlle transducer. If the reflection is due to surface waves, thc

wave will be: damped by your finger. To determine crack location, move the transducer

u::;"::~ :~,:: discontinuity indication coincides with the indication from the initial pulse.

At t.t--,.,t uoint, the transducer wedge center line is directly over the crack.

TT"A", •• '''''~ch dthe following conditions of angled sClund beam transmission do you

,-"",c-".i!d be more likely to generate a surface wave component? ...
Sman lingie of incidence

,.gle of inci.dence

Page 6-17

Page 6-18

J

"J,



From pnge 6.,..16 6-18 From pagf~ 6-18 6-19

indications on the CRT.

Right. A surf~cc wave component is more likClyto be gem'l'atcd during :me:lC beam

testing if you are using a large angle of incidence.

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? Assume a dis

cernible back reflection is obtained on the CRT.

Unwanted reflections (;an occur as a result of "'mode cOllversion" in the test specimen.

"Refraction" and "reflection" can occur any time a sOlmd beam strikes an interface

between 2 mediums at an angle other than 90·. You learned in Volume I that \\"hen

this happens, as shown in the fonowing illustration, the reflected beam inside the

specimen will have both a longitudinal and shear component. The shear wave com

ponent can, at times, cause additional indications on the CRT screen.

discontinuities.

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.

Corrc'cl. Surface grinding should not be dont:if sufficient sound e!10rgy is being trans

mittc'd into the speci'mell to obta.in a b~c].; reflection. The surface waye reflection is

identified as irrelevant, so it can be disregardt:d and the specimen t(;sH:d f'J1' yalid

Ii
II
:1

I

I

I
I

~ I
"

1

!

Page 6-20

Page 6-19

.. "oil 0 •

.. • ,. .. .. .. • .. ~ .. .. .. .. .. .. ..... .. • <0 .. .. .. '" ..Proceed with the tf7st

Grind the surface ~ .

These unwanted surfac,e 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 t.he indication

reduced or cancelled.

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 ha~e been machined, but if surface groo\'es or machining marks

exist and the distance 'between them happens to correspond to one wavelength of the

surface wave compone!)t, reflection will occur and result in apparent discontinuity

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 les9

beam spread?

Small transducer ... Page 6-21

Large transducer: .• Page 6-22



From page (j -18 6-20
6-21

Your answer is not the best of the '2 possibilities. WhC'll:l back.refkction is received,

. you know ,enough sOlmd energy is being transmitted into the specimen to locate a di:;;

continuity if one is present.

The irrelevant indication from the surface wave should be disregarded and the test

continued. Under conditions where irrelevant indications dutter the CRT to the extent

that valid indications cannot be distinguished, you may han.' to smooth the surface,

However, don't resort to this unless absolutely necessary.

Turn to page 6":19.

Your selection is wrong. A small tJ'aHsuucer produces more beaTil spn,ad tha:l a

large oa(' at a giVl'n he'quene-y. In this casc, selection of a large transducer will

provide a shal'pc'r bChll1 and the amount of internall'efiection wi11 be r(·duecd.

Tum to page 6-22.



. From page 6-J 9 6-22 From png-e 6-:;2 6-23

Correct. A larg(,tr:msducer will give yO\! a shaqwr beam. With the sharper beam,

unwanted internal reflection will be reduced.

Apparent discontinuity indications ·can be caused by reflection in irrci;,'Ularly shaped

test specimens such as are illustrated below.

Thatls right, The opc'ratol' should make a test from another location on the surIaee of

the specimC'n in un effort to evaluate the indication as being eithor from an :lctl1:lI dis-

continuity or from a corner of the specimen.

Additional reflectiOlls following the back surface echo can occur when tests are being

made on cylindrical specimens, especially when the face of the transdUccl' is not

VIEW A VIEWB

curved to fit the form of the specimen as shown in the following i11ustration.

The possibility of reflections from fillets and corners must be taken into consideratioll

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 sh'ould examine the

drawing for the article and select the point for making the test that will give the least

amount of unwanted reflections.

The beam spread of a sound wave ~cpcnds on the size of the b-anFllcitting area of the

transducer. 'When a flat transduce::: 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 ,:..urface, On a rough surface such as a casting,

the roughness of the surface will scatter the sound and the additional reflections may

Suppose atcstbf an irrc~lar-shapedspecimen is being conducted~ Which of the

f.ollowing 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' . Page 6-23

not be noticed.

This type of spurious indication can be identified easily since the same type of indica

tion will occur all along the length of the cylindrical specimen. Reflections from dis

continuities, on the other hand, will cause a changing indication as the transducer is

-Use shear wave techniques••••.••....•.••••...•....... _. •• Page 6-24
move..i along the cylinder.

'Which of the following methods wiB he best for narrowing the VI'idth of the sound beam

transmitted into a cylindrical tCRt specimen ';

Use a smaller transducer ..........•

Use a curved pI asHe shoe thatfjtf: the I':pecimcn contour,

Page 6-25

Page 6-26
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Your answer is not correct. Use of shear wa\'e techniques would not oe an aid in con

firming that an indieation is from a discontinuity or (h,e to the shape of the specimen.

You should make the test from another location on the test surface and try to avoid

reflections from a corner.

Turn to page 6-23.

A smaller transduce!!' win lIot help to any great extent. Af; long as the surface of the

transducer is flat there will st.ilI be a large sprcadinp; of the sound heam. Remcmb~r,

the smaller the transduc:er, the' greater the beam spread and, in this case, the effec

tive transmitting area of the transducer that touches the test specimen is smaller. You

have gained nothing. The best thing to do is to use a plastic shoe that is ground to fit

the contour of the cylindrical specimen.

Turn to page 6-26.
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Correct. A smnller transducer won't do the job ~incc it will cause more spreading of

the sOllnd beam, if anything. The onlyprncUe:ll method of nar,rowing the sound beam

will be to use a plastic shoe that is ground to fit the contum' of the cylindrical specimen.

Now we will consider the effects of internal grf,in structure on smmd transmission and

the types of indications that might be obtained with coarse grain structures.

There are times when sound transnlissioll in a material is impossible'even with the

E;trongest possible signal and maximwll gain of the amplifier in the test instrument.

Under such conditions it may not be possible to receive a reflection from the back

surface and system sensitivity for locating discontinuities is practically zero. It may

be possible to improve the sound transmission capability of the system by using a

lower frequency.

-When a situation stich as that described above occurs, what type of grain structure is

indicated?

You 'guessed, didn't you? This particuln r point h:ts been disC'ussl'd pr('viously.

Coarse grain strudure absorbs the sound beam. If ('031'5(' enough, the sound beam

will be completely absorbed and thero will be no r·.:'fll'dion back to the transducer.

On the other hand, finc grain stnicture offers littk opposition to the passage of the

sound beam and maximum transmission efficiency is obtained.

Turn to page 6-28.

Fine .•

Coarse

. Page 6-27

. Page 6-28,
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Excellent. A coarse grain structure, li sufficiently eoan;c, will al.sorb the sound

be:ml and there will be no reHectionb3ck to the transducel; for display on the test

instrument.

Coarse grain structures may alsocause reflections that appcar across the width of

the cathode ray tube if the test' is attempted at a high frequency as shown by the

following illustration.

Very good. You remembered that wavelength i:; In\'vl"sf'ly prot)Ol'tiol1al to frec:ucncy so

if the frequency is decreased, the wavelength inr:I·{·;lSI';;.

The last irrelevant indication to be considered is QIIC that will be rccC'iyec! acC'ident~lly

and is caused by use of too much couplant. This type of indication will Intwe slowly

along the trace of the CRT or change amplitude as couplant flows along- the surface of

the test specimen. It is usually cncotUltered when using angle beam tt'Ch11iqucs In ('on-

tact testing.

Do not use an excessive amount of coup1ant.... , . . . . . . . • . . .. . . . . . Page 6-3~

What can we do to assure that this type of irrelevant indication does not occur during

It is not difficult to identify these indications due to their irregularity. Identiiication

of discontinuity indications will be very difficult, if not impossible. The only thing

that can be done to eiimiriate or reduce the effect of these unwanted reflections is to

lower the frequency and change the direction of the sound beam by using an ~n~le beam

transducer.

Tberelationship of wavelength to size of the grain in a specimen is the factor that

causes reflections such as those shown above. 'The size of the grain in a specimen

will remain constant, so wc can say that as the frequency is lowered, wavelength ..

testing?

Use the correct frequency. Page 6-31

increases .. '.

decreases. . . . . . . . . . • • . . . • . . . . . . . ..,' ..

Page 6-29

Page 6-30
.< .
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You're not correct. You learned in Volume I that "wi.vtd\'llg1h" is equal to yelority of

sotma divldcdhy the ~rcqucncy, or that wavc!ength is !!'\"'i~t:I.Ll~!:(~I~QJ~!iQ!E!lto fn'

quency. So, in this case, the frcqucnc:y: is being ~l(:i:n':I::ed and the wavelength will

have to increase to satisfy themathematicl relationshIp of wnv(.'lent~{h, velocity, and

fr~quency.

Turn to page 6-29.

What happenHl? You shouJcln't Imvc turned to this page. You have an indication on the

GHT that slowly moves i1Cl'(.lSS the face of the tube or changes in amplitude. This is an

indication that you are gener;J,tin~!; a small surf3ce ">vave component and it is being

reflected by an excess of couplant. Changing the frequency will be no help at all - all

that has to be done is to remove the excess couplant and the problem will be solved.

Turn to page 6-32.
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Th:lt is correct. 'The operator merely needs ttl ('xcrcise caution in application of

coul'lant :lnd he will have no trouble with an irr('l('v~mt indication that moves on the

enTscrecn or changes in amplitude as the coupbnt flows on the test surface.

All of the various types of irrelevant indications that have been covered come from the

test method itseH with the exception of those covered in the beginning of the discussion

that are a result of equipment troubles.

These indications will cause no difficulties in interpreting ultrasonic test results so

long as it is understood that not all "pips" on the CRT indicate a discontinuity in the

test specimen. Also, you necd to remember the basic principles of isolation for

these a.pparent discontinuity indications to separate valid from invalid discontinuity

displays.

Turn to page 6-33.

From page G-32

1. The control on a test instrument may be

used to move the CRT horizontal trace n:rtically to climinat(1 noise.

3. gain

4. Unwanted reflections from the Lucite wedge of an angle beam transducer arc

minimized by the of the wedge.

6. acoustic impedance

7. During strai~ht beam testing, a small , wave

component is transmitted in all directions from the transducer. If this

wave component strikes an edge of tbe specimen or a crack, reflection

will occur and provide a spurious discontinuity indication. (>

9. narrow

10. A grain structure will absorb ultrasonic energy to

the extent that it may not be possible to conduct tests on some specimens.
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,

6-35

2. An apparent discontinuity that broadens the ern sweep line is

caused by interference.

5. A loose or defective crystal in the transducer will produce a

effect on the screen of the CRT.

7. surface

8. Suppose you are testing a rough-machined surface with 2 transducers.

one for receiving, and one for transmitting. The transducers should be

oriented L..-.________ to the grooves.

10. coarse

11. An indication on the CRT that moves slowly with respect to the front

surface indication and may change amplitude is caused by use of too

much _

3. Reverberation (1'e-echo) in the test specimen is caused when the specimen

does not absorb the sOlmd pulse before a second pulse is transmitted. This

spurious indication can be reduced by adjusting the of the

amplifier. 71 Return to page 6-33,"\A frame 4 .
........."""""""i1JIIr...~__""""""'_=-, :::ll-.:"""""""__,.................,_....",..,~ ==c...,.

5. ringing

6. A plastic-type solid material is required as a couplant under certain testing

conditions to provide a better match of _a______ L .._

between the transducer and test specimen.
Return to page 6-33,

frame 7.

B. parallel

9. A curved plastic shoe that fits the curvature of a cylindrical specimen \vill

cause a .::;n'-- sound beam to be transmitted into the specimen.

Return to page 6-33,
frame 10.

11. couplant

12. Turn to page 7-1 for a discussion on resonance testing.



CHAPTER 7 -RESONANCE TESTING 7-1
l"rom page 7-1 7-2

You l(';arned earUel' in. your study of ultrasonic k};tlJ)l~ that whell a eontilHlOuH beam of

ultrasonic energy (longitudinal wave mode) is intl'()du<~('d into a spL'cimen and reflected

in phase with the incoming energy, .resonance occurs. Bl:llldingw;n'cs are set up within

the specimen and the specimen vibrates with a eOIl~;idcrahk increase in amplitude. You

learned that resonance occurs when the thickness of the &1)('cimen is equal to a haJf

wavelength, or exact whole number multiples of a half-wavelength, or exact wh01[:

number multiples of a half~wavelength. We also found the resonance principle is used

primarily as a thickness measuring system, but can also be used to find relatively

large discontinuities, delamination, or .1ao1: of bond.

Any frequency wlliell produces a resonant condition in the specirncn caUS0S a load

change in the osci11ator. This load change appears as a pip on a cathode-ray (eHT)

screen, a meter deflection, a :l1a;.;hing neon light, or an audible sound change in an

earphone.

Most instruments have a direct readout, which means actual thickness measurements

can be read from a scale or meter. Others require the usc of charts or tables to

determine thicknesses. And to use these charts or tables, you must determine the

fundamental resonant frequency. You then find this frequency on the chart or table

and read off the corresponding thickness.

VARIABLE
FREQUENCY
OSCILLATOR

I

TUNERQ;

TRANSDUCER

SPECIMEN

The application of resonance testing falls into 3 broad classification: (1) gaging,

('2) corrosion inspection, and (3) detection of discontinuities. Typical examples of

materials which can be tested include extruded, dra"m or spun metals; hollow castings;

rolled sheet metal; chemically or machine milled articles; piping and tubing; glass;

ceramics; and rigid plastics.

Shown above is a schematic diagram of a typical resonance generator/indicator instru

ment coupled to a specimen. YOU'll recall that a tunable, variahle frequency oseillator

Is used to excite the transducer 1 - causing the transducer to vibrate over a range of

frequencies. When the transducer is coupled to a test specimen, the ultrasonic vibra

tions generated by the transducer .are transmitted into the specimen as continuous

longitudinal (compression) waves. The waves reflect from the opposite surface of the

speeimenand return to the transducer. If the oscillator is tuned to a resonant fre

quency for the test specimen. the waves transmitted into the specimen will be in phase

with previous waves and result in a resonant condition.

Turn to page 1':"2.

Turn to page 7:-3.



}'rom page "-2 7-3 From page 7-3 7-4

The chief advantag'cs of resonance testing art' th:lt the c(juipnwnt is usually simplE' nnd

in most cases portable. It requires access to only one surfaC'(' of a kst spC'dmen and,

like pulse..:..echo!through transmission equipment, is consid";'cd to be safe. By safe,

we mean there is no radiation hazard, etc. We also find the rcson:mce system extrC'mcly

accurate when measuring thickn~sses of relatively thin materials (within 0.1 to 3 per

cent of the actual thickness) and in determining lack of bond in bonded materials.

SlM~PL'..., '1 N TRANSDUC,"

© ll-
~Q INS1RUMEIH

REQUIRES ACCESS@ SAFE
TO ONLY
ONE SURFACE

SPECIMEN

PORTABL'~1

I I !I '

,.ccu~

Your selection "yes" is not correct. Resonance equipment in g.:meral docs not require

a high degree of trainlnt; tu operate. HeeaII that most l'<"son;lI1ce instruments prOVide

a direct readout or indication. Others require only the use of a simple conversion

chart or a table of values.

Turn to page 7-5.

Indications general!y are not affected by common variables, e. g., ambient temperature,

magnetic properties, small differences in alloy or heat treat, or proximity to an edge

or rillet.

WoUld you say the operation of resonance equipment requires a high degrc? of training?

yes .•.•.. Page 7-4

No•.••.•.•.••.••.•..•.••.•.••....•••••••...••••••. , Page 7-5



From page 7-3 7-5

No ••.••.•.•....•••.•..... ' '........•.' " Page 7-8

Can we say that; in general, the conditions which limit the usefulness of resonance

testing are basically the same as those limiting the use of other ultl~asonic test systems'?

You're right. R~sonan('c eqllipmeilt in general does not require a high dt'l~rc(' of train

ing to operate. The equipment is usually simple and, when properly m.;,>d, nccUl':ttc

and safe.

The conditions which limit the usefulness of ~'esonance testing are largely determined

by the test specimen itself._Specirrien limit?tions include excessively rough front arId

back surfaces, severe corrosion, iack of parallelism, complicated geometry or shapf;s,

and material structure, e. g., excessive grain siz!:!, porosity, and irreb'UIar inclusions,

7-6

In resonance thickness measuring, the thickness of a specimen is generally limited to

between 0.004 and 12 inches. But &ometimes, depending on frequency and equipment

selection, thicknesses of several feet can be measured. However. it should be pointed

out thatas thickness i~creases, accuracy decreases. We. find the pulse-echo system

t? be the better system for measuring thicker materials. And for accuracy. surface

taper should not exceed 2 degrees. Beyond that, surface taper reduces resonance

indication amplitude a.nd resonance may not occur.

From page 7-5

Right. The conditions which limit the u&efulness of the resonance system are basically

the same for all uItrasonk test systems. he it pulse-echo, through transmission, or

resonance. Ultrasonic waves are influenced by a test specimen in much the same man

ner regardless of the test system' used.

Page 7-6Yes ..

Both the contact and immersion methods are used in resonance testing. . . the contact

method being the most common. In contact testing with resonance equipment, the same

basic principles are involved as when contact testing with pulse-echo or through trans

mission equipment. The transducer is placed directly on the test specimen. And an

ultrasonic wave. is transmitted into the specimen through a thin layer of couplant. The

main difference is that a continuous longitudinal wave is used i-n resonance testing.

Is the following statement true or false? It is also possiple to conduct ultrasonic

resonance testing with the test specimen and transducer submerged in water.

True ... Page 7-'{

False ... Page 7-9
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Corrcct. It is possIble to eonduct i:esonnJ)(··(' tesling with tll.:- test specimen and trans

ducer suhmerged in water. You ren1Clnb0l"Ct! that tl1is is the basic principle of immer

sion testing, and that the immersion method is somc'times used in resonance testing.

We have fmind the immersion method is widely used in ultrasonic pulse-echo and

through transmission testing. In these syste~s; the watel" path between the transducer

and the specimen is used as both a couplant and a time delay medium. By time delay,

we mean the transducer is spaced far enough ftom the test specimen to prevent any

multiple ecboes from interfering with specimen indications.

In immersed resonance testing, the water path is used not only as a couplant but also

as an integral part of the test system. Eesonance conditions are set up in both the

water path and the specimen. And instead of the test specimen resonances appearing

as separate indications whicll could interfere with or distort the water resonances, the

"test specimen resonances cause a s]larp attenuation of the water resonance at the reso,..

nant frequencies of the test specimen. It is this attenuation of the water path resonances

which is detected and converted into recognizable information by the test instrument.

And as st.ated before, only continuous longitudinal waves are transmitted into a speci

men in resonance testing.

In immersed resonance testing, the test equipment. ..

Wrong~ The conditions wlrlch limit t1lo nsefulness of res::>n:mee testing can be suid to
be basically the same as those limiting the usefulness of other ultrasonic test systems.

Doesn'tthc resonance system rely on the propagation of ultrasonic energy for resonance

Jndications? or course. We learned earlier how a specimen's characteristiC's affect

ultrasonic energy. We fmmd that rough surfaces and some types of materials tend to

scatter or absorb the sound beam. Surfaces which are not parallel refle.ct the beam in

a direction other than back to the transducer. We also learned how unfavorahle geome

try reduces the effectiveness of ultrasonic testing. Since the resonance, pulse-echo,

and through transmission systems all depend on ultrasonic wave propagation, the same.

general conditions which limit the use of one also limit the others.

Turn to page 7-6.

senses specimen Fesopance to determine material thicknesses or quality.

senses water path resonance amplitude changes to determine material

thicknesses or quality :.•...•.......••....•.•., .

Page 7-10

Page 7-11

~)
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You say it is.!!Q!. possible to conduct ultrasonic resonance testing with thl' tt'S1 specimen

and transducer submerged in water. Your selection is wrong. It ~!~_si~l_~ to conduct

resonance testing with the test specimen and transducer submerged in wah'!'.

Isn'tthis type of testing known as the immersion method? Yes.. Didn't We' just l<:'arn

the immersion method is used in resonance testing too, although not as frequently as

the contact method? Yes. Therefore, resonance testing can be conducted with the test

specimen and transducer submerged in water.

Turn to page 7-7.

. Incorrect. In immersed resonance testing, th(:' test eqldpment senseS water path

resonance amplitude changes (not specimen reson::.nce) to dctcrm1J.1 c material thicknesses

or quality.

Recall that the specimen nulls or attenuates the water resonances at the specimen reso

nant frequencies. The water path becomes in effect a secondary transducer. and it is

the effect of the test specimen on the water resonances which are detected and used by

the instrument.

Turn to page 7-11.
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Rlght. In immersed resonance testing. the test equipme.llt senses water path l'esonance

amplitude changes (not specimen resonance) to determine material thiclmesses or

Wrong. Condition A does not produce the most accurate resonance indi.cations. In

quality .

The'water distances used in immersed resonance testing range from approximat.ely

1/4-inch to 2-1/2 inches depending on the transducer used. And a spacing can vary

approximately 1/4-mch without Difecting accuracy. The critical factor here is trans

ducer orientation. We find a nonb-ymmetrical water path will distort the resonance

patterns and result in unreliable instrument indications. TherelOl'e, the transducer

must be kept perpendicular (normal) to the specimen front surface in immersed reso

nance testing.

CONDITION B

RELIABLE

CONDITION A

UNRELIABLE

SPEC1MHl

TRANSDUCER

WATER COUPLANT

You were told that unles's the transducer is positioned perpendicular to the specimen

front surface, the reson:U1CC patterns will be distort.ed and unreliable.

Now, doesn't condition A show the transducer at an angle to the specimen front surface?

Of course. Doesn't condition B show the transducer properly oriented?

Recall that orientation was stated to be a critical factor in immersed resonance testing.

WATER COUPlANT

TRANSDUCER

SPECIMEN

Variations in transducer orientation are shown below.

CONDlTlON A CONDITION B

Which condition provides the most accurate' resonance indication?
Turn to page 7-13.

Condition A

Condition B

.' II 11 111 " ...
Page 7-12

Page 7-13

I

j
J
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Excellent. Conl.lition B does pi'ovidc the most accurate resonance indlcatJons.

The preparation of a specimen's E;U:d;,C('s for resonance testing gcnerally involves the

same requirements or conditions as when testing with other typceof ultra.somc equip

ment. For example, dirt, grit, and loose paint orscnlc should be removed. And any

severe surface irregulariti€s should be reworked ••. preferably using a disc-type

sander. We also should keep in mind that the extent of surface preparation largely

depends on the condition of the specimen surface opposite the front surface. If the

opposite surface is seriously pitted or scaled, resonance signals will be weak, and it

is then necessal-Y to prepare the front surface quite thoroughly. However, it is not

necessary, or even desirable, to prepare a polished surface.

Select the best answer to the following statement.

If the surface opposite the front surface of a specimen is smooth, it is ...

essential that the ftont surface of the specimen be prepared quite

thoroughly .. '.... ,......•... , .....•...•................ Page 7-14

usually not necessary to rework the front surface of the specimen

!

i
I
I
t

I
l

You are invorred. It is not necessary to go to any grc'at lengths in preparing a speci

men foT' test if its surface' opposit<' the front surraC'(' is rclativC'ly smooth. Usually the

removal of paint high spots, etc.• is adequate. The front surf;Jce, howevcr, should be

clean and free of loose paint or scale that might reduce resonance amplitude.

Turn to page 7-15.

except for cleaning and maybe the removal of paint high spots. ...... Page 7-15



7-15
From page 7-15 7-16

Fine, Y(,U s(·l{~ctc<J the better ·answer. Except for cleaning and nl:lybc' the removal of

paint hl~h l-ipots, it is usuany not ,necessary to rewol'k the [ronl surface of a specimen

if HI'> (lppMdte surface is smooth.

You're doing fine. The amount: of surface preparation required.!i? dependent OIl the test.

specimen. Smooth, clean surfaces require liltle pn~1Jaration while rough or sCYf:rely

pitted surfaces l'cquirc extcnsh'c rework before resonance testing can be eccomplished.

When preparing a specimen for thickne~smeasuring, it is best to clean ao area con-

sidc-I'ably larger than the transducer. , . approximately 4 to 6 inches square. This

enables you to determine any local variations in metal thickness. And, when local

pitting is severe, it is often possible to obtain measurements by moving the transducer

slightly from the point whcre it was first applied to the specimen.

Plates with very deep 10c.a1 pitting should be tested from the pitted side if possibl~. A

measurement should be taken as close to the pitted area as possible to establish the

"normal" wall thickness. The depth of the pits is then measured using a mechanical

depth gage and subtracted from the wall thiclmcss. It is generally not desirable to

grind the spe-cimen down to the depth of the pit as this would. reduce the strength of the

The selection of resonance equipment depends On the task you have at hand. For

example, if you're checking laminated matel'ials, you ~hould usc resonance equipment

specifically designed for checldng delamination or lack of bond. If you're meas\.lring

material thicknesses, corrosion, or looking for gross discontinuities in solid materials,

you ~hould use a thickness tester, etc. Where extreme accuracy is required, you

should use the larger instruments. If the job is in the field and doesn't require tne

extreme accuracy, you should consider a more portable. compact unit that can be

carried using a shoulder strap or similar device. The following are typical resonance

instruments.

plate.

o
FOCUS.2,m(

Page 7-16

Page 7-17

.. O' "0 ..

.. 11 ..

Yes ..

specimen?

No." .. " ... "..... "."

Would you say the amount of surface preparation required is dependent on the test

8ONO TESTER CRT-TYPE THICKNESS TESTER

Turn to page 7-18.

1
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You say Uw UlHount of surface preparatIon H'quired for making a reSOll~Ul~() test· does

not depend on tlw test specimen, You're wrong, Surface preparation rille'S d(''pen~ on

the test specimen.

Recall that if the test specimen has relatively smooth, flat sUl.'faces that are p3rallel,

little preparation other than maybe general cleaning is required. Again, loose

"finishes" tend to reduce resonance amplitude, Any loose paint, scale, etc, i should

be removed. If a surface is excessively rough - it must be reworked by remo\i.ng the

high spots.

Now, isn't the amount of surface preparation requirerldependenton thetestspecilnen ?

Of course.

--Turn to page 7-16.

\. -.

METER~TVPE THICKNESS TESTER

Again - you should remember that as a specimen's thickness increases, resonance

measurement accuracy usually decreases. For a specimen that is relatively thick,

we should substitute pulse-echo equipment. We find the pulse-echo equipment is

generally more accurate when measuring thicker materials.

Now, for example, let's say we're testing a honeycomb panel to determine Its sound

ness or quality, We would use a resonance.

thickness tester .. Page 7-19

"

bond tester ... , . , . , , . , .. , .. , , , . , •.. , , . , , .. , .. , . , ... " Page 7-20



From page 7-18
7-19

From page 7-18 7-20

Wrong. }'or testing the quality or soundness (If a honeycomb panel, we would use a

bond tester (not thickness). Recall that· a honeycomb panel is made up of multiple

layers of material bonded together as an integral unit. Now wouldn't a bond tester be

the better choice for checking the quality or soundness of this type of specimen? Of

course. The thickness tester would be the better choice for gaging materials.

Turn to page 7-20.

Right. When testing a honeycomb pallel to determine its soundness or quality, we

would usc a bond tester. A bond tester is used to find unbanded areas whereas a

thickness testci' Is used as a measuring device or to find gross discontinuities.

Several dillercnt types of transducers are available in a variety of sizes and shapes,

depending on the test instrument used and the test situation. The transducer can be

a "fingertip" or "pencil" type; spring-loaded; curved or flat faced. It can have a

straight mounting or right-angle mount1l1g; some even swh"el. Some transducers are

designed for immersion testing, others for contact testing.

SPRING
FLAT

@ SWIVEL

SPRING
CONCA'tE

PENCil

R'GID
STRAIGHTRIGID

RIGHT
ANGLE

~G FIN"""

The main thing to reID€mber is to choose a transducer having a fundamental (minimum)

resonant frequency higher tha)1 the frequency at which you're inspecting the specimen.

This precludes the possibility of interference between transdueer resonance andspect-

men resonances.

ApIece of 1/4-fnch thick steel plate has a fundamental (minimum) resonant frequency of

0.461 megacycles. And we're going to use fts3I'd and 4th harmonics to test the steel.

The transducer resonant frequency should be .

Page 7-21

Page 7-22above 1. 85 megacycles ~ .

below 0.461 megacyclesI
I

I
l~



to av.oid interference betwecn the spccimcm and tnUlsottCer resouan.ces.

Incorrect. The h'ansouccr resommt rrcqu(~ncywould have to be above 1.85 megacycles

Recall that the 1/4-inchstccl resonant frequency was 0.461 megacycles. We were

using the3rd and 4th harmonics for testing. The 4th harDlOuic is FOUR X the FUNDA

MEJ:\'TALRESONANT FREQUENCY or 1.85 megacyclcs. Wouldn't the transducer 1'eso

nantfrequency have to be higher than 1. 85 megacycles? Yes.

From page 7-20 7-21

I
. !

From page 7-20 7-22

You're cor rcel. The transducer resonalJt frequency should be above 1. 85 megacycles.

You l'ccognized that the 4th harmonic is approximately 1. 85 megacycles (4 x O.461}

and the transducer resonance should be above that to !lvoid interferellce.

In most cases, there is a choice of several frequencies that can be used in measuring

a given mater\al thickness. These consist of the fundamental resonant frequency and

its harmonics. And we find the selection of -a test frequency is usually dependent on

Turn to page 7-22.
the characteristics of the test specimen. For example, 1m" frequencies are used for

specimens having corroded or pitted surfaces, lack of parallelism, large grain size

or irregular inclusions. High frequencies are generally best for testing extremely

thin materials, or where high sensitivity is desired. It also is desirable to use the

2nd through lOth harmonics rather than the fundamental resonant frequency. Measure

ments on fundamental resonant frequencies are somewhat less accurate than their

harmonics.

Select the best completion for the foHowing statement.

With material thickness being the determining factor, you would test a thick specimen

using a •..

low test frequency.

high test frequency

Page 7-23

Page 7-25



From page 7.;..22 7-23
From pag(~ 7-23 7-24

Very good. You selected the bettor answer. Low test frequencies are generally re

quired when testing thick materials. At tIl(: same time, w('should keep in mind that

fundamental resonant frequencies are less accurate than their harmonics. We should

use harmonics where possible.

Various oils, greases Or liquids· can be used ascouplants betw{len the transducer and

the test specimen in resonance testing. And as you already know, the purpose ofa

couplant is to exclude air between the transducer and specimen and transmit ultrasonic

waves.

STANDING WAVE COUPlANT

lEST '''<CIMEN

COAXIAL CABLE TO lNSTRUMENT

Light oils are considered very good for most contact resonance applIcations. Water

with a wetting agent added is usually used in immersed resonance "testing.

Couplants also affect the sen.sitivity of reSonance instrllments considerably and the

selection of a suitable couplant frequently makes it easier to obtain areliable indication.

J:t Is best to use 11ght couplants such as very light oUsor water on Illi1.terials with

relatively smooth and parallel 'surfaces. When thickness resonances are difficult to

obtain, due to surface c.ontours, surface roughness or lack of parallelism, glycerhl

with a wetting agent added is generally the most satisfactory. Greases are generally

used on vertical surfaces or where liquid cQuplants are inconvenient.

Which of the following statements istrue?

For the best "all roUnd" testing. grease and glycerin are considered the most

. suitable couplants, .•...• , ...., ••. , .., .. , .....•.... , ..... '. Page 7-24.-

For the best "all roUnd" testing, light oils or water are considered the most

Wrong. It is true that glycerin with a wetting agent added has the hig·hest sensitivity

and is best where resonance indications are difficult to obtain. However. grease on

the other hand applies mostly to situations where liquid conplallts run off or are hard

to use; e.g., on vertical surfaces. Therefore, you should have selected the other

statement as the "true" statement.

For the best "all around" testing. light oils and water are considered the most suitable

couplants.

Turn to page 7-26.

courllan1:s.. • , • • . • ..., • ..• . . • , . • , • • • • • . • • . • • . • . . • • • . Page 7-26
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Incorrect. If materIal thickness Is the only determIning factor, we.would use low

frequencies in testing a thick specimen.

'Recall that high frequencies generally apply to extremely thin materials; Let's rfr-.

member it this way: The thicker tbematerial. the lower the test frequency required;

and the thhmer the material, the higher the test frequency required.

Turn'to page 7-23.

Excellent. Light oils or water~ considered the best "all round" couplants for reso

nance testing. You should also remember that glycerin with a wetting agent added

provides the highest sensitivity, particularly where surface conditions are unfavorable.

In the prcoeding chapters of this volume you learned that the accuracy and reliability

of ultrasonic test equipment 1s largely dependent on the use of reference blocks, or a

similar standard. The equipment had to be "standardized" to these blocks, or what

ever was being 'used for compar.ison purposes, before proceeding with a test. Ultra

sonic resonance equ.ipment also require the use of reference standards, both for check

ing equipment accuracy. and for adjusting the instrument prior to use. Resonance

equ.ipment reference standards can be in the form of calibrated blocks, each one ac

curately ground to a predetermined thickness; stepped blocks; or wedgE:s with a very

fine degree of taper at which the thickness at various points Is clearly indicated. Some

instruments use plug-in "tuned circu.its1! and calibrated frequency markers to simplIfy

iD.s.trument adjustment.

Also. we often find it practical to adjust an instrument directly on the materlal·-of

Interest. By using a point on the material where the thickness can be measured by

some other means. ~.g•• with calipers or a micrometer, the equipment can be set

up for the actual working conditions. Standard reference blocks are not required in

this case.

Would you say resonance equipment need not be "standardized" to obtain accurate

resonance md1cations?

Yes ..•.•. "•.•.••.•••..•..•....•..........•...•. , . . . •. Page 7-27

No•.••••••.••••••••••••••••.•••.••••••.•.••. '•....••.•. ~ 7-28......1P<\t. . " '



· From pago 7-26 7-27 From page 7-26 7-28

Your ~holce "yes" is not the correct answer. HC't;ol\:lIwc C'quipmcnt, like the other

form~oIultrasonic test equipm·ent pr~vioi.wly rllscusscd, requires the ·usc of some sort

of standard to obtain accurate indicatiollf:>.

Keep in mind that a reference standard, be it a standard reference block, "tuned cir

cuit," or the test material itself, is a basic rcquircment.of resommcc testing. Stan

dards nmstbeused bothwhen setting up a test and latcr to check instrument accuracy.

Turn to page 7-28.

Good for you. You recog11izcd the statement is wrong. Resonance equipment docs

require "standardizing" to obtain accurate indications. And by "standardizing". we

mean some sort of reference standard must he uBcd in setting up the equipment for a

test.

You'll recall that most r~sonance jnstruments proVide a direct readout. Actual thick

ness measurements are read from a seale or meter. Others require thf:' use of simjlle

charts or tables to determine thicknesses.

Following is a typical example of resonance indications presented on a cathod-ray tube

{CRT} of a direct readout resonance thickness tester.

CRT SCREEN RESONANCE
INOICATIONS

HORIZONTAL
SWEEP

I

Two resonance indications are shown projecting above the horizontal sweep line. In

Volume n you learned that th~ height of these pips represents signal amplitude or

strength. Their position and number along the horizontal sweep line isa function of

frequency.

Turn to page 7-29.
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From page7-29
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And by plndng a transparent thickness scale over Uil' f:l('(' of tIll' tube. a direct thick

Dess readout can be obtained.

CRT SCREEll

HORIZONTAL SWEEP

~lUMINUM THICKNESS IN INCHES

The scale shown above is for aluminum and covers a range of O. 090 to O. 180 inch.

< "The2nd,3rd, and 4th harmonics are shown. The left resonance indication is read

as 0.100 or 0.133 inch. The right resonance indication is read a:s O. 10001' O. 148·

inch. You'll recall from Volume II that the correct thickness is O. 100 inch, since

it lines up on two adjacent harmonic scale lines .... the left indication being the

3rd harmonic; the right indication being the 2nd harmonic.

Turn to page 7-30:

Resonance thickncos testers measure material thicknesses from one side by trans

mitting continuous longitudinal (compression) waves into a test specimen. The waves

travel through the specimen, reflect at the opposite side, and return to the transducer.

Since the velocity of the waves is constant for a given material, thickness is proportional

to the· elapsed time reqUired for a wave to travel through the specimen and return to the

transducer. Resonance thickness testers measure this time interval by mechanically

or electronically adjusting the transducer frequency so that wave travel time is equal

to the fundamental resonant frequency or whole number multiplies thereof (harmonics).

At these points, wave interference occurs and a resonance signal is obtained.

Is the following statement true :01' false? By comparing resonance indications with those

of a known material thickness, aecurate thickness measurements can be obtained.

··True •....... ~ ......•.....••.••...................... Page 7-3J

False •....•......•.......•.....•..................... Page 7-33
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From pa!{(! 7-30 7-31
From page 7-31 7-32

'Yes, "t1"Ul~" Is the correct answer. By comparing resonance indications with thos(' of

a known matt· rial thitkness, (;l('curate thich.-ncss measurements can be obtained.

For example, let's say we're testing a piece of steel plate and found its fundamental

resonant frequency to be 0.461 megacycles.

Using the formula T ;: ~ and substituting: the following values for K and F:Material thicknesses can also be determined using simple resonance instruments and

what i~ called a table of constants. or K table., This table lists predetermined con

stants for different materials, in million inches per 'second. The following are typical

examples.

K

F

0.116 (steel constant obtained from K table)

0.461 megacycles (fundamental resonant frequency}

T (thiclmess} == 0.116 (constant K)
0.461 (fundamental resonant frequency)

, MATERIAL CONSTANT K (MILLION INCH/SECOND]

ALUMINUM 0.125 - 0.130
BRASS 0.089
COPPER 0.093
PLASTICS 0.04 - 0.06
STEEL 0.116 - 0.118

Constants will normally give satisfactory accuracy for frequency-thickness conversion,

using the formula:

T ;: 0.25

We find the piece of steel is 1/4-incb thick.

Which of the following statements is true?

Constants obtained from a K table lU"e used to determine the velocity of sound in the

material being tested. . . . . . . . . • . . . . . . . . . . . . . . . . . . . . .. • . .. Page 7-34

Constants obtained from a K table are used to convert frequency to material

T
K

- F c,
thIckness . . . . . . . . . . . . • . . . . . . . . . • . . . . . . . . . . . . • . . . . . . .. Page 7-35

where T :: Thickness of material in inches

K:: Constant (longitudinal wave velocity In million inch!second divided by 2)

F= Fundamental resonant frequen<:y' in megacycles

Turn to page 7-32.

..",
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From page 7-32. 7-34

You lhill:; lht· staklll('nt is "false•. tI You're \"I'ong:.
,y v We- ('.UI ohtain aCCllI':ltL' thickness

. measurements only be comparing resonance indicali,m.:: with those of a tnown material
thickn~~. ..' ---.-------.

Recall instrument '·standardization." nih.... en we standardize an instrument prior to

making a test, aren't we adjusting the instrument to a known thicknpss? Of course,

This i.s the way we obtain accurate indications.

Turn to page 7-31.

. Wr.oug. Constants (K) are not uSed to determine the vclocity of sound in materials

being tested. They aI'C used for frequency-thickness conversioll .

A constant (K) Is a factor derivcd by dividing a material's longitudinal wave velocity,

in million inches per second, by 2. Since a constant already represents a materials

velocity factor, it is not used for velocity measurements. Again, constants are used

with the formula:

T =~
F

to conveJ.::! a material's ftUldamental resonant frequency to a thickness measurement.

Turn to page 7-35.
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Good. You~wlected the "true" statement. Constants obtained from· a K h:bl(' are used

to convert frequency to material thickness in resonance testing.

Correct. View A illustrates the presence of corrosion. View 13 represents an indka-

tIon obtained from a material havIng lIO corrosion.

In checking for corrosion, we rn~y find it necessary to scan either a large' area or

sman suspect areas to determine if corrosion is present. And corrosion is indicated

by a decrease in material thickness, usually accompanied by reduced signal amplitude.

Gross discontinuities can be detected using ultrasonic resonance instruments by

observing changes in the strength or location of the resonance indications.

CONDITION

sourm PLATE

CATHODE-RAY
TUBE

DISCONTINUITY

V\/------------t:~=~ AT 1/4 THICKNESS

DISCONTINUITY

\6r------------~~~=! AT 1(2 THICKNESS

DISCONTINUITY

l)\,t-------------l:===::1 AT A SHARP ANGLE

DISCOIHlNUITY

1tr-----------~::'::~~ AT 3/4 THICKNESS

TRANSDUCER STRAOOLlIoiG

K~r------------~~~~ £OGE OF DISCONTINUITY

DISCONTINUITY

11\/------------t:==::1 CLOSE TO THE SURFACEL.- .z....l!

Shown above are several resonance indications obtained from a specimen containing

various types of discontinuities. The instrument is set up to measure specimen thick

ness, with 3 or 4 resonance indications appearing on the CRT screen. Discontinuities

are then indicated by a sudden shifting of the indications or by the appearance or dis

appearance of an or some of the indications as the specimen is scanned.

TEST
SPECIMENCATHODE-RAY TUBECATHODE-RAY TUnE

SMOOTH SURFACE

CATHODE-RAY TUBE

Which of the fQllowingCRT patterns indicates the presence of corrosion?

Shown above are 3 different CRT presentations obtained from var.ious surface conditions.

Note that smooth surfaces provide sharp, strong indications, whereas variable surfaces

produce several indications of varying frequency and reduced amplitude. Corroded sur

faces produce a wide band of resonant frequencies and the signals are usually quite

weak.

Which of the following statements best defines discontinuity indications obtained from

resonance instruments?

Discontinuities are indicated as a sudden increase in material thickness or by the

disappearance of resonance indications . . . . . . . . . . • • . . . . . . . . . .. Page 7-37

..... ,. 'It 1> .... • - • • " '

VIEW A

View·.A

View B .

VJEWEl

.-.'•• •'-•.,." .0. fl .• l " ,. ..

Page 7-36

Page 7-38

Discontinuities are indicated as a sudden change in material thickness or

by the appearance or disappearance of resonance indications ......•. Page 7-39



·From P~g'(' 7-36 7-37 From page 7-35 7-38

or by the appearance or dil'~caran{'cof resonance indications.
corrosion. View A shows the presence of corrosion.

Wrong. Discontinuities are indicated as a £hangc (not increase) in material thickness,
You're incorrect. The pattern shown in View n does not indicate the presence of

Keep in mind that rcsonanct" indications al'e related to material thickness. And dis-

continuities act like material boundaries.

change in resonant frequency.

Turn to page 7,..39.

They reflect ultrasonic energy causing a

VIEW A VIEW B

,.~~ .......

\ ..

Recall that corrosion produces a wide band of resonant frequencies having very little

amplitude. Now doesn't View A best illustrate this condition? Yes.

Turn to page 7-36.
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Right-In resonance testing, discontinuities ::tppear as sudden changes in material

thickm~ta, or by the appearance Or disappearanC'C' of resonance indieullons.

&nd kgtcrs usea little different approach for indicating the qualltyor soundness of a

material, their purpose being to detect voids and substandard bond areas. Lack of

bond is_similar to a laminar discontinuity. Usually it isa voidar empty space and has

n. very high impedance mismatch.

Very good. You selected the:. better answer. We can determine the quality or sound

ness of a lest specimen, u5ing a bond tester, by comparing the test specimen resonance

patterns with those of known sizc voids.

And again, the physic-al characteristics of the reference standard used must be as

close as possible to those of the test specimen, e. g., the same material, thickness,

construction,. etc.

RESOtlANCE PATTERN

Now let's turn to page 7-42 for a short review on resonance testing.

Shown above is a typical CRT pattern from an ultrasonic bond tester. By adjusting the

size of the resonance pattern to represent a void of a known size, the pattern can then

be compared to the responses obtained from a bonded specimen under test. Its func

tion is similar to a "GO-NO-,GO" gage. Indications within a given size may be con

sidered good. .Indications over a given size mean the material being tested does not

meet minimu·m requirements; It also should be pointed out here that the reference

standards containing the "void" and "non-void" areas must simulate as dosely-as

possible the physical characteristics of the bonded specimen being tested.

Select the best completion for the following statement.

With a bond tester. we can determi.n.e the quality or soundness ofa test specimen by•.•

comparing the test specimen resonance pattern. with those of known size

volds. • • • • . • • • • •• • • • •.• • • .• • •

measuting the size of the test specimen resonance pattern

Page 7-40

Page 7-41



From page 7-39

•

7-41' 7-42

You didn't select the better answer. It'e true we mea~Ul'e the size of the test specimen

resonance patterns; bqt. we also must compare the P:lttCl'llS with those of known stan

dards if we're to be accurate.

Therefore, when using abond tester I we compare the test specimen resonance patterns

with those from known size voids to determine a specimen's quality or soundness.

An.d again, remember that the physical characteristics of any reference standard used

must be a:sclose as possible to those of the test specimen, e.g.• the same material,

thiclmess, construction, ,etc.

Turn to page 7-42 for a short review on resonance testing.

-

]
........ ...

From page 7-40

l. Resonancc instruments may be used for thickness me Ig,

cor n testing, and detection of gross di or

lack of .d.

0 I
7. orientation. immersed

8. Surface preparation depends on the test specimen. Smooth, clean surfaces

require (little) (extensive) preparation while rough or I
severely pitted surfaces require (little)(extensive) r)

l

rework. .
14.' High

,
15. (High) (Low)_,_'__ frequencies are generally best for testing less

favorable specimens, c. g. , large grain size, rough surfaces, etc.

l)
21. constants

22. Constants (K) are used in the formula T = to determine

material thickness.

I)
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1. measuring, corrosion, "

discontinuities, bond

2. Resonance instruments, like pulse-echo equipment, require access to (one)

(two). ~_surfaee(s) of a specimen.

[)
"

8. little, extensive

9. The extent of surface preparation required is also largely dependent on

the condition of the specimen b s _-'--'- ~__

15. Low

7-44

2. one

3. Resonance instruments are most accurate when testing relatively (thin)

(thick) materials and determining l __k of b d.

9. back surface

10. The preferred power tool for removing severe surface irregularities is a

(rotary grinder) (disc sander) _

16. less

16. Fundamental resonant frequencies are (more) (1ess) accurate

than harmonics.

K
22. F

17. (Grease) (Glycerin), _

couplant for less favorable specimens.

23. decrease, signal

amplitude"

with a wetting agent added is the b.est

____ in23. Corrosion is indicated by a (decrease)(increase)

material thickness and Is usually accompanied bya loss in sig"

am --'-e.

24. Corrosion indications may appear as "bumps" on the CRT screen

hor s, --p.
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\
I

4. pulse-ccho

5. Both the con and imm techniques may be used in
I

resonance testing, the technique being the most

common.

r>
-

11. Thickness

12. B testers are used for determining lack of bond, etc.

r)
18. Ught oils or

water

19. Resonance testers, like the pulse-echo/through transmission instruments,
\

require the use of ref blocks or 5t ds when

setting up the equipment and checking accuracy.

r)
25. shifting, disappearance,

appearance -

26. Bond testers are used as a "GO-NO-GO" gage to indicate the qu y

or so ss of a material.

t>..

I
7-45

3. thin, lack, bond

4. The measuring of thiek materials and locating small discontinuities should be

done with (pulse-echo) (resonance) ~quipment.

r)
j

.

10. disc sander

-
11. Resonance equipment can be separated into 2 basic categories according ·to

use. T testers are used for gaging, corrosion inspection

and determining gross discontinuities.

r)
_.'

17. Glycerin

18. The best "all round" couplants are (greases) (light ol1s or water)
l'

t).-
24. h9rizontal sweep'

25. Gr055 discontinuities. are indicated by a sudden sh ing, or the

dis ce and app of resonance indications as a

specimen 15 scanned..

E).'
. ,.: ~ }

....



...

7-17

5. contact, immersion,.

contact

6. In immersed resonance testing, instrument indications arc based on

w_- path resonance am €' changes

12. Bond

13. A prime factor in the. selection of.a transducer is that its fundamental (minimum)

resonant frequency must be (higher) (lower) than the test frequency

used.

r>
19. reference, standards

20. Accurate thickness measurements can be obtained by comparin~ a material's

r ind ..... with those obtained from a known

material thickness.

26. quality, soundness

27.. Iri testing for lack of bond, a test specimen is accepted or rejected according

to the size of its r __~__-._pat_--__ 8 in comparison with those ofa

known size v-,-...,....__d.

7-48

6. water, amplitude
!

7. We find a nonsymmetrical water path will distort resonance indications.

Therefore, ori ion isa critical factor in im .ed

resonance testing.

¢ Return to page 7-42,

frame 8.

13. higher
I

14. (High) (Low) frequencies are generally best for testing

extremely thin materials.

¢ Return to page 7-42,

frame 15.

20. resonance indications

2l. Predetermined factors obtained from a table are frequently used for .
frequency-thickness conversions. These factors are known as COtl ____ (K).

¢ Return to page 7-42,

frame 22.

27. resonance patterns,

void

28. Turn to page 7-49.

~

1)
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Congratulations. You have just completed the third and final volunw of t:lle programmed

instruction course on ultrasonic testing.

You may want to evaluate you~ knowledge of the material pl'escnted in this handbook;

therefore, a set of self-test questions are included at the back of the book. The ans

wcrscan be found at the end of the test.

llLTH.-'SOl\IC TESTINt!3 - VOLUME III - APPLICATIONS

Solf-Test

1. What is the name of the test system which relies on refiected energy to find
discontinuities?

2. The test system that uses either pulsed or continuous sound and indicates dis
continuities as a reduction in received energy magnitude is called:

3. The test system which makes use of stationary waves to tell us something
about a test specimen is called:

Again, we want to emphasize that the-test is for your O\\-ll evaluation of your knowledge

of thc subject. If you elect to take the test, be honest with yourself - don't refer to the

answers till you have finished. Then you will have a meaningful measure of your

knowledge.

Since it is a self evaluation, there is no grade - no passing score. If you find that you

have trouble in some part of the test, it is up to you to review the material till you are

satisfied that you know it.

Turn or rotate the book 180~ and flip to page T-l at the back of the book;

a. Through transmission
b. Pulse-echo

a. Contact testing
b. Longitudinal wave testing

a. Continuous wave testing
b. Pulse-echo testing

c. Longitudinal wave
d. Continuous wave

c. Pulse-echo testing
d. Through transmission testing

c. Through transmission testing
d. Resonance testing

4. The test method where the transducer is coupled to the test specimen through
a thin layer of couplant is called:

a. Continuous wave testing
b.· Contact testing

c. Coupled wave testing
d. Through transmission

5. The test method where both the transducer and the test specimen are placed in
a tank filled with a liquid (water) is called:

a. Surface wave testing
b. Immersion testing

c. Submerged testing
d. Through transmission

)
6. The ability of an ultrasonic test instrument to detect discontinuities is not

affected by the surface condition, shape, or metallurgical characteristics of
a specimen to be tested. (True - False) _

7. Pulse-echo testing provides specific data on the relative size of discontinuity
and its distance from the surface of the test specImen. (True - False)
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With reference to through trunsmissioll testing, attenuation is a lesser probkm
in pulst>-echo testing, (Trne:" False),__,.- _

The requirement that the transmitting and receiving transducers have to bl;'

precisely aligned on the test specimen is a disadvantage of:

8.

9.

a. Contact testing
b. Longitudinal wave testing

c. Pulse-echo testing
d. Through transmission testing

16.

17.

T-3
E' - -

qUlpment selection anti operation are' ." ,
that ar(' controlled by the op<.>rator ('r~arnml::( rs of the ultrasonic test system

• IUC - I [lIse)

To tmpro\"c the ultr<t.sonie Le 't f '
be modifi('d ') (Ch ' s' 0 a given specimen, h'}-, OOSe two) W Ie I of the following may

Which of the following are advantages of resonance testing? (Choose two)

Which of the following factors is a disadvantage of contact testing?

Which of the following is not an advantage of immersion testing?

\Vbich of the following factors is an advantage of immersion testing over the
contact method?

Specimen surface condition
Specimen heat treat

c,
d.

a.
b.

Specimen shape

Adjustment of instrument controls

The require t
men s of an ultrasonic test are:

a. Determined by t.b opera or Judo-ement
• Established by th f b

, e 1'e crence standard block
c. Outlined in the acceptance standard used

Standardization of ultrasonic test ' -
reference standards containing k Instruments is based on reflections from
(True - False) . nown size simulated discontinuities.

Any precisely machined reference stand
a test instrument for testioo- a gi _ t ard block may be used in standardizing

b ven est specimen. (True _ False)

Pulse-echo tesUng is more widelv -----
(Tnle - False) . used than transmission testl'

_' ng.

A particular advantage of th h
_ roug transmissIon testing is:

a. No couplant is required
b. The depth of a discontin 't
c. Only one transducer t- Ui Y,can be easily determined

s reqUired

Proper test equipment selection is dependent on the:

a. ,Overall test situation
b. Metallurgical structure of th
c T t' e specimen• es - Specimen geometry

d. Surface condition of the test Specimen

Which of the follOWing f1' uencies
attenuation loss? eq - would probably result in the greatest

18.

19.

20.

21.

22.

23.

24.

(
i
!
J
i
I
;

i

I
I

I

c. Lower frequencies
d. Simplicity

c. Better resolution
d. Portability

c. Resonance testing
d. Longitudinal wave testing

a. Portability
b. Greater beam penetration

a. Through transmission testing
b. Surface wave testing

The test system ,,'hich is used primarily to measure material thicknesses and
detect lack of bond or large discontinuties is called:

Vlhich ,of the following factors is an advantage of contact testing over immersion?
(Choose two)

a. Greater beam penetration power
b.. Portability ,

c. Lower test frequencies may be used
d. Angulation for unfavorably or~enteddlscontinuities

a. Greater beam penetration
b. Higher frequencies may be used

a. Decreased beam penetration power
'b. Portabllity
c. Difficulty In maintaining a uniform acoustical coupling
d. Confined to high frequency testing only

14.

12.

13.

15.

11.

10.

,..

c. 25 kc
d. 25 me

a. 1.0 me
b. 10.0 me

I

i
c. Reduced transducer wear
d. Angulation ability

a. Portability
b. Better resolution
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25. Pa,in~ must bz: removed from it tcstspecimen $·in(;(: 1t pl"·ovents good coupling
between the lnin~du(;cr and Bpecimcn surface. {True - False)__, .

26. Before testing a specimen whose surface is coveTed wit11 thin scale:

35.

T-5

What if> the waveform de I d
degrch:'1 ve ope when the sh('~n' wave mode is ·refracted 90

In order to find the smallest dis<.ontinuities during a test:

Transducers incorporating a plastic wedge frontal member are commonly used
in straight beam testing. (True -. False)~ _

c. Surface waves
d. Transverse waves

a. LongitudInal wave
b•. Surface wave e. Transn~rscwave

d. Transitional wave

Ultl'asol1!c waves which travel a I
from. the curve are 'caned: < rounc a gradual curve with little or no reflection

a. LongitUdinal waves
b. Shear waves

Plate waves may be used to test:37.

'36.

c. Usc through transmission testing
d. Use a small transducer

c. Rough-machine the surface
d. Paint the surface

a. Use the lowest frequency possible
b. Use the highest frequency possible

a. Clean off any loose scale
b. Remove all scale

28.

27.

29. The acoustical impedance of an ideal couplant should be between that of the
transducer and the test specimen. (True ..:Falsc)_-'- _

a. Thin sheet
b. Forgings

,.30. Tbecboice of a couplant is largely dependent on the surface condition of the test
specimen. (True- False)__, .

38.

c. Bar stock
d. a, b, and c

With reference to single-transducer pulse-echo. testing
echo testing has better: ' two-transducer pulse-

Loss of back reflection is evidence that sound is not being retunwd to the: Near surface resolution
Specimen penetration power

a.
b. c. Resolution at all depths

d. SensitiVity at all depths

UltI-asonic testing of castings is often not possible because of:
39.

c. Test specimen
d. Back surface

a. Discontinuity
b. Transducer

31.

In contact testing. shear waves may be produced in a test specimen by:

The critical incident angle for longitudinal waves is the point at which:

An ultrasonic instrument operator can control the number of cycles of sound
energy transmitted into a test specimen by adjusting pulse length. A short pulse
length results in: (Choose two)

a. Placing an X-cut quartz crystal on the spetimen and coupling with oil
b.Using two transducers. one on each side of the specimen

. c. .Using a shear-cui; lens on the transducer
.d. Using an angle beam transducer on a Lucite wedge

Rough surfaces
Small grain structure

Hand forging
Coarse-grain-ed casting

a.
b. c. Coarse grain structure

d. Irregular shape

::;:~~f::t::~~~~~~v:~a:e;::~:~i:::el~kelYto produce the greatest amount

a.
b. c. Extrusion

d. Fine-grained material

:~:~~~r:~~~~a~ticgtehin tedsti~g bar stock to use both axial and radial tests (test
e en an w1d:h of specimen. (True - False) _

:: :tr~~ght beam contact testing, with sound beam entering a flat specimen such
p te from one of the surfaces, the follOWing type of discontinuity w"n

probably be detected: 1

40.

41.

42.

c. Better near surface resolution
d.. Increased penetration power

a. Less instrument sensitivity
b. . Less penetration power

33.

32.

c.

Laminations with major dimensi~ns parallel to surface
Tr~svcrs()-typediscontinuities at an angle to the surface
RadIal-type discontinuities with major dimension along length but"al1
ortentedto the surface ran1 y
Porosity .

c.

a.
b.

d.

a. Thei-enected angle is zero degrees
b. . The .refracted angle of the longitudinal wave mode is parallel to the surface

The longibldinal wav.e mOde is totally reflected
\BQth 19n9ltudinal nndshearwaves are: transmitted into the specimen
'~:~:~".',:.::: :.' ..... , :." "'." _ .~. '" .: - ". .'_ "._. 10

,~.••c:,~j.~.',f.k~~~.r,·.~.·,•.%;::,~~:uf:,(~ti.~.:, •.·~.i_::,:.;~..t,.,~.'-.,~:;~.,~_-L.•~:,:·:}.,~~ ..c.:,~-~.r.:,>'~ . ",~"~ ,J: fL'-·,,', ~\":\,..,,: . ,~,~" '.?: ".~, ".'

.... ',,':•.' .... ~.'.....' . ·,-C.', .... . . - .." ';p.~ :.t~·~~~t;;~#·){.~t?~~~j}::~f,~\' cJ~~}: .. ~~~::~t: (~;'W;
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43-. Thin sheet ~aterials may be tested with the beam perpendicular to thl~ surface
hy observing the: 52.

i t · fug method for det~cting discontinuities
Generally, the best ultrason c es 1 .
oriented along the fusion 2:o"no in a welded plate IS:

A gross check of plate or sheet consists of marking off a grid pattern on the
material, eith~r real or imaginary, and then testing each grid square using:

44.

a. ·Front· surface reflection
b. 'Multiple reflection pattern

a. Transducer wheel"
b. Focused transducer

c. All surface reflections
d~ Second back surface rcHccUon

c. Angle beam transducer
d. Straightbeam transducer

53.

a. Contact method using surface waves
b. Straight beam method using longitudinal wavos
c. ·Angle beam method using shear waves
d. Straight beam method using plate waves

_ ) to determine a discontinuity'S physical
When using the formula.a - w <:i:;d travel distance must be first determined
location, thc transducex wedge t d' ntinuity location. (True - False)
before any calculations can be made as 0 1SCO

45. :Before usIng an anglo beam transducer for testing plate, a reference notch
must be set up to determine the size of any discontinuities· that might be found.
(True - False) _

46•.. The most common application of ultrasonic tests using shear waves is:

a. Detection of discontinuities in pipe, tubing, and welds
- b. -Determining elastic properties of matElrials

c. Detection of laminations in rolled plate
d. Testing large round specimens

47. The resolution indication found on a CRT screen when testing pipe represents:

a. 180 degrees of sound travel in specimen
. b. ·360 degrees of sound travel in specimen
c. .The rotating of the pipe past the transducer
d. The diameter of the pipe

54.

55.

56.

57 ~

A weld test ruler can be used to locate discontinuities in any material. (True- .

False) --
. bI k an be used to test

The IIW (IntcrnatioT\al Instltute of Welding) reference oc s c

welds in any material. (frue - False) •
ed to locate discontinuities in

Direct reading ultrasonic calculators can be us '

plate when:

a.Plate thickness and transducer refraCtiona~gleare \...l1::n
Plate thickness and transducer wedge veloclty are kno . __

~: Transducer wedge and plate velocities are knO'.:velocity are known.
d. Transducer incident beam angle and plate soun

. • ok t prevent the formation of
A wetting agent is used in immersIOn t:; t~ gSre~ections. (True _ False)
small air bubbles that could produce c us n

49. During weld testing,· the fusion zone may return a reflection that is similar to
reflections from discontinuit~es. (True - False) _

50.' The terItl "skip distance" refers to the bouncing of a sound beam between
opposite material bOundaries in angle beam testing. This distance \vill change
as material thickn.ess changes. (True - False) _

A nOtch-type reference standard for testing of tubing should be machined on:

a. . Vertical probe
b. Wand

Immersion tank
Equipment operator

The tubular device held by the manipulator is called a.:

c. Scanner tube
d. Transducer

a.
b.

The ca~riage usedin immel'sion testing supports the:

c. SCanner tube and manipulator

d. Test instrument

59.

58.
c. Outer surface onlya. Both inner and outer surfaces

b. Irmer surface only

48.

51. Skip distance is determined by:

a. The angle of reflection
b. The test frequenoy used

c. Pulsewidthused
d. Incidenceangle

.)
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60. Which of the following is atl advantage of a focused transducer over a conventional
transducer used in immersion testing? f)'I. During immcrsi0n testing, it is often necessary to :l11f,'Ulatc the transducer when

a discontinllity is located to:

a. Less sensitivity to small discontinuities
_b. Increased resolving power
c. Increasedeff~ctsfrom surface roughness
d. Greater penetrating power

61.· If a test speciinen is too large to be placed in an immersion tank, the advantages
of immersion testing can still be attained by using a "bubbler" (water column).
(T1."ue- False) _

a. Avoid a larg<, number of back reflection::; that could interfere with a normal
test patlt'rn

b. Obtain a maximum response if discontinuit-y is not origin:J.1ly oriented
p<'rpondit:ular to the sound beam

c. Obtain the maximum number of front surface reflections
d. Obtain a discontinuity indication that is the same height as the.: indication from

the flat.-bottom hole in a reference block

62. In immersion testing, the water multiples that may be seen on the CRT screen
between -the front and back surface reflections can be eliminated by:

a. Using a different frequency transducer
b. Increasing distance from transducer to test specimen
c. Using a contour-correction .lens
d. Decreasing instrument sensitivity

68. In immersion testing and with reference to straight beam testing where no
facilities exist for automatic scanning and recording, the angle beam technique
is generally the more rapid scanning technique to use. (True - False)

69. Either longitudinal or shear waves can be used in immersion testing of
cylindrical-shapcrl specimens. (True - False) .

70. Thin-walled tubing is most effectively tested using:

In immersion testing using the angle beam technique, the specimen front
surface reflection will be:

63. A general rule of thumb in determining the correct water distance to use in
immersion testing is that the water distance Should be:

a. Equal to the thickness of the test specimen
b. One-half the thielmess of the test speciineri
c. One-:-quarter the thickness of-the test specimen plus 1/4 inch

... -d.--·· Equ;d to the thickness of the test speci~en plus 1/4 inch

71.

a. Longitudinal waves
b. Shear waves

c. Articulated waves
d. Compressional waves

64. In immersIon testing, the transducer will be transmitting its sound beam
perpendicular to the test surface when the following indic.ation is received on
the CRT:

In immersion testing, the water distance between the transducer and test speci
men should be:

When testing a spot weld with a sound beam the same size as the weld nugget,
the CIlT pattern from a good spot weld w11l show:

a. Both single- and double-sheet thickness indications
b. Double-sheet thickness indications with littie decrease in amplitude
c. Double-sheet thickness indications. decreasing in amplitude

c. Strong and well-defined
d. High in amplitude

a. Small and poorly-defined
b. Small but well-defined

72.

c. MInimum back surface amplitude
d. Maximum initial pulse amplitude

a. Maxi:rnumfront surface reflection
b. Elimin-atlonof water multiples

65.

In immersion testing, the area in which a sound beam enters a specimen can be
determined using a_ straight-edged "metal spoon." (True- False) _

66.

a. As small as possible
b. As great as possible

e. Same as that used for standardi
zation

d. Twice the specimen thickness

'13.

74.

An unhonded condition can best be detected when the materials involved give a
good coupling when bonded. (True - False) _

An iI'relevant indication that appears as a discontinuity indication but is not
synchronized with the sweep line on the CRT and moves from left to right w111
be d~e to:

a. Electrical interference
b. Loose transdncer crystal

c. Material structure interference
d. Interference from refraction

, '- .
. -,: --- ...
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75. A loose or defective transducer crystal will produce a ringing-;:,jkct on a CRT
screen. (True - Fa,lsc) .

76. In contact testing, spurious indications l"L''sulting from transducer wC'dge interfcrl"'ce
can be isolated simply by lifting the transduce!' off the test specimen and seeing if
the indication remains on the CRT screen. (True -'False) •

77. In straight beam testlng, a discontinuity indication that moves with the transducer
can be the result of:

a. Longitudinal waves· striking· a discontinuity
b. Specimen grain structure
c. Surface waves traveling on the test specimen surface
d. Electr{cal interference

78. An ultrasonic equipment operator should primarily look for indications appearing
to the left of the back surface reflection because:

T-12

94. Like when testing with pulse-echo/through transmission equipment, some sort
of reference st:mdanl must be used to set up resonance instruments and check

their accuracy. (TnlC - False)

95. Accurate thickness meat;ul'cmcnisare obtained by comparing a materials
resonance indications with those obtained from a known material thickness.
(True - False) _

96. Constants (K) are predetermined factors used to convert frequency to thickness
and vice versa. {True - False) _

97. l\'laterial thicknesses can be determined using constants (K) and the formula:

a. T = KF c. T= ~
F

K d. T :=1:.b. T =}:: K

)

Resonance instruments usually indicate corrosion as a:
a. They are the· strongest and most easily seen

--b. They determIne material thickness
c. They determine what test specification may be used
d. They are most likely to be caused by discontinuities

98.

a.
b.
c.
d.

Decrease in material thickness and resonance amplitude
Increase in material thicknes~ and resonance amplitude
Decrease in material thickness and increase in resonance amplitude
Increase in material thiclmess and decrease in resonance amplitude

.~

79. In testing longspec111?ens, spurious signals may result if the sound beam sprea'.:ls
into the sides of the material before reaching the back surface. (True - False)

80. Interference from coarse.grain in a test specimen can somotimes be dis
tinguished by numerous reflections following the front surface indication.
(True - False) _

81. In contact angle beam testing, an indication that moves slowly aerOS3 the CRT
sweep or changes amplitude can be the result of:

a. Too much couplant
b. Not .enough couplant

82. Continuous longitudinal waves are tran.smitted into a specimen in resonance

testing. (True - False)_-----,.-

83. Depending on the resonance instrument, a resonant indication may represent:

99. Gross discontinuities can be detected with resonance instruments by observing
resonance indications for any sudden changes in strength or frequency.
(True - False) _

100. Resonance bond testers are used to:

a. Measure bonding thicknesses
b. Measure bonding strength
c. Determine the quality or soundness of bonded materials
d. Measure the thickness of bonded materials

a. Actual material thickness
b. Frequency

c. Material soundness
d. at b, or c
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84. Resonance testing rcql.lire's access to only one surface of the test specimen.
(True - False) • - ANSWEHS FOR SEI.F-TEST

85. Resonance instruments are most accurate when testing:

a. Thick :materials and locating sman discontinuities Page No. Page No.

b. Thin materials and locating small discontinuities Ref. Ref.

c. Very thick materials and locating gross discontinuities 27. b 2-15
d. Relatively thin materials and determining lack of bond 1. b 1-1

2. d 1-5 28. false 2-22

86. Both the contact and immersiorl methods are used in resonance testing, with
1-6 29. true 2-25

the immersion method being the most common. (True- False)
3. d

4. b 1-10 30. true 2-25

87. In immersed resonance testing. instrument indications are based on water path 1-12 31- b 2-28
resonance amplitude changes. (True - False)

5. b

6. false 1-16 32. band c 2-31

88. The most critical faqtor to consider in immersed resonance testing is: 1-19 33. d 2-357. true

a. Transducer orientation c. The selection of water distance 8. false 1-19 - 34. b 2-37

b. Water distance variations -d. -Transducer frequency and size 1-19 35. b 2-439. d

89. The two basic types of reSOnance instruments are: (Choose _two) 10. c 1-22 36. c 2-45

11. a and d 1-22 37. a 2-48
a. Contact testers c. Bond testers
b. Thickness testers d. Corrosion detectors 12. a and d 1-23 3S. a 2-53

13. c 1-24 39. c 3-1
90. In resonance testing, the transducer resonant frequency should be:

14. d 1-28 40. b 3-1

a. Higher than the test frequencies used
15. 1-29 41. true 3-5

b. Lower than the test frequencies used
a ,

c. Same as the test frequencies used 16. true 1-31 42. a 3-9

d. Same as the test specimen 17. band c 1-33 43. b 3-9

91. In resonance testing, high frequencies arc generally best for testing specimens 18. c 1-36 44. d 3-13

having rough surfaces, large grain size, or excessive porosity. (True - False)
19. true 1-40 45. true 3-14

20• false 1-42 46. a 3-23

':. 92. In resonance testing, the most accurate indications are obtained using:
.-,

b 3-29
21. true 2-2 47.

Harmonics Minimum resonant frequencies 22. d 2-4 48. a 3-33
a. c.
b. Resonant frequencies d. Fundamental resonant frequencies t-

2-5 49. true 3-42
23. a

93. The coup1.ant between the transducer and the specimen in resonance testing can be; 24. d 2-9 50. ·true 3-45

25. false 2-11 51- d 3-48

a. Water c. Grease 3-50
b~ Oil d. a, b, or c 26. a 2:"11 52. c

Review pagerererence on questions that you Jl\lss.

,--
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53. true 3-56 83. d

54. false 3-62 84. true

55. fa.lse 3-61 85. d

56. a 3-67 86. fa.lse

57. true 4-2 87. true

58. e 4-3 88. a

59. c 4-6 89. band c

60. b 4-13 90. a

61. true 4-18 91. f.alse

62. b 4-20 92. a

63. e 4-21 93. d

64. a 4-30 94. true

65. e 4-30 95. true

66. true 4-33 96. true

67. b 4-35 97. c

68. true 5-3 98. a

69. true 5-6 99. true

70. b 5-13 100. .C

71. a 5-19

"12. e 5-21

73. true 5-23

74. a 6-3

75. true 6-8

7-6~ true 6-9

'17. c 6-10

'lB. d 6-19

79. true 6;"19

80. true 6-Zl3

81. a 6"-29

82. true· 7-1
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