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ABSTRACT

~ Testing of materials by sound note is one of the
.dldest applications of sound for detecting the hidden
defects, It is a non-destructive testing method unlike
a destructive mechanical method, where the testing of
specimen crack is performed by stressing it by fension
or bending until the ocrack manifests itself by an open-
break. The transition from audible sound to ultrasonic
- sound ( nowadays, widely used for flaw detection) has
become possible by its modern methods of generation and

detection,

In modern days, the nonadestructive,testing_(NDT);
also:khown as non-destructive evaluation (NDE);_has become
 the.basic inspection tool of industries, The product de#e;‘
lopmght, Process oontrol, flaw detection, quality evaluation
- and measurement of mechanical and physical properties are
the most reknowned fields where the NDT methods are widely
employed | |

e
e

- In this disserfation, the whole work is cerried out for
detecting the flaws in a material by using ultrasonic
techniques based on pulse~echo method.! The entire discussion
accounts for the working principies, design aspects and
important features of the two systems developed by the
author, An effdrt has also been made to produce a brief

review of various other ultrasonic flaw=detection techniques;



The entire testlng has been performed on bars of :
brass materlal. The related data so. obtained is therefore,

applicable only to this partlcular material,

The first system designed and implemented is the A~scan
with digital readout; If gives the measure of the exact
1ocatioh of the flow on a digital display unit. It uses a
_single transducer assembly, which acts first as an emitter
of ultrasonic pdlses and then as receiver to deteot echoes
from defects Or‘other interfaces, Transmitter circuit
provides the required signal to excite the transdueer while
the receiver cmrcult consisting of rf amplifier,vmdeo ampll-
fler and demodulqtlon and suppression circuit performs the
analogdproceSSlng.of the signal received by .the probew
‘The exact formulation of transit time‘(i;e; interval between
transmitted and first return echo) of first return echo into
a interVal pdlse is achieved through e digital processing
~unit which eomprises of logic inverters, AND and EX.OR ga+'s§
. Finally, the digital display unit.shows the exact measure of

flaw location in numerical Valuea.

The System so developed iS‘capable_fQ detect . the fiaws
located at 30 cm or more from the transducer face, The
maximum 1imit~goes‘upto 2.5 metefs. The low damping of the
transdl;eer', employed here yaffects its resolution to a great
extent., This puts a limitation to the present system in form
of its incapebility to detect the flaws within the range of
30 em from the transducer face and also,’ its insensitiveness

to distinguish the flaw in the span of 30 cm.



© The second sys'ten is aﬁlui;rasonie imaging system
Whiohvproduces'a,cross sectional,image.oﬁ the ﬁest pilece
on (RO towards its front face (i.es Scanning face). The
‘process of transhitming and receiving the ultrasound in
the sy_stem is also the same as for the previous system
discussed earlierﬁ The difference iieé only in the clock
signel whieh here-is generated by the microprocessor rather
than by a 555 timers The transit time measurement is o
performed by the1PP itSelfz?The ecanning mechenism‘combriSed: L
of two stepper motors is.tﬂe additional unit providing the |
1inear and step movement +to the transducera The micro= )

: processor (L.es‘GPU) here performs the functions of generau-.
'tlng and receIVLng position smgnals, storage of these
'posxtlon signals and transit time 1nformatlon along with the
clock generatlon to excite the transducer at a partlcular _
}’frequency known as pulse repetition frequency, The outputting
cf'thevetoree poSition signals (X'and.y eoordinates)'along,
with}the transit time_(z—coordinate, fed to the zgmedulation
'poihf of the CRO) in succession, produces an image inform ef a
dot,@atrix giving the information about the flaw shape and its
relative locationQiThe'brighter.spots represent the‘fiews of.
nearer locationss Resolution in the: present system is also

affected by the low damping of the probe.

The present system presents a great deal 1nformation

about the flaws located within the span of 20 cm to 70 cm from



the transducer face, The lower limit, mainly detemined by
transducer demping, can be reduced if a high damring trans-
ducer is used, The upber limit in this case is much enough

for‘any specimen to be scameds

In the end some suggestions for future work are also

given,
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CHAPTER ~ 1

INTRODUCTION

1.1 WHAT IS ULTRASONICS.

The soience of sound, named Acoustics, describes the
pPhenomenon of mechanical vibrations and their propagation

in all the three types of materials, solid, liquid and gass

In the same way, as the light waves over visible
frequency range are called ultravoilet, the sound waves above
20 KHz (ieew béyorid human hearing range ) are referred as ultra~-
sound or ultrasonics, The sound waveé, below 10 Hz are
suggested to be called as subsonics, In ultrasonics there
are many other frequency boundaries e.ge infrasonics, super=
sonics, hypersonics, macrosonics etce. In all, division of
sound waves is purely arbitrary and is based on the human

hearing range.

1.2 A BRIEF HISTORY OF ULTRASONICS.

In 1808, Jean~ Baptise Biot of France gave the first
recorded experiment with the propagation of sound in solids [1].
Buththe propagation of ultrasonic waves is in the credit of
?aul Lanéevirx who in 1917 transmitted sound waves in sea
water [2]. He has been, so,called the father of ultrasonicss.
His theoretical and experimental work was based on background

- provided by earlier investigators. The exact formula for the



veloocity of sound in air and water was introduced by

Pierre Simon Laplace, while for sound velodiw in solids,
the Poisson:&as the kéyman'Who showed it for isotropio
soiidS@ Likely, the surface waves were desoribed bvaord
Rayleigh in 1887. Pierre and Jaoques Gurie discovered the
piezoeleetrio effect in 1880« The piezoelectric effect is

one of the phenomena which produce the ultrasonio waves;l
In_a similar way, the other effect for producing waves in
materials, the magnétostriotive effeet, was disceovered by JePe

Joule in early half of nineteenth century;

The first application of these effects was production
of sound waves in water. for the detection of submarines [2]
For many years, it was the only application’; This work was
started in World War I due to the great loss of shipping

resulting from German submariness,

During World War II, piezoelectric crystals of ammonium
dihydrogen phosphate (ADP) were found to be more suitable
than rochelle salt, Since World War II considerable work has

been done to improve submarine detection and destructions.

R.W.Wood and A.L.Loomis showed interest in the effects
of high~ intensity sound, They established techniques far
generating'high acoustic powers and startedAmeasﬁrement of

'relevant’properties; Many striking effects,which can be pro-
duced by high intensity sound, were also shown, But the most

of them were mainly demonstrated in laboratoriess
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| The first practical application of ultrasound other
than the underwater sound, was the ultrasonic flaw deteotion
system for locating flaws in materials. This was firstly
1ntroduced by S J.Sokolosr of USSR in 1929. The same work was
also performed by A. Frost, O, Mulhauser and RsPohlman in
Germany during 1930s‘;< Between 1939 and 1945 America and | A
Brittain also worked in the same field independently. However,
the invention of ulti*a‘sonic'reflectoscope'by Floyd A?.Fires;-
tone in 1940 1led to the development of modern ultraéonic :
nonedes bructive testing (NDT) eqw.pnent. This system is also
called the forerumner o:t‘ modern pulse secho equipment. In th:.s’

respect,:.t oompetes w:.th X-ray and other 1nspect1.on methods.

B In the low-ampla.mde category, besides the. :anreased
ac't:.v:.*w in underwater sound, ultrasomo vmbra‘cions were

E ';applled as an ad.;umtb'to Radan It was during World War II

o that 1iquid and solid delay lines[2] were developed for use .

“4in tlzmng devices, an'tlgammg devices and mov:.ng target

indlcator radar systcms .

| Upto 1945, the - pr:.nc:.pal transducer materlals Were '
quartz crystals, ADP crystals and magnetostrloﬁve mater:.als.

 In 1945, a big advance was ach:Leved by the use of ferroelectrics

(materlals w:.’ch natural polarlzatlon) that can be obtained in

R 'cerama.c form. ’I‘he fl.I'S’t oi‘ ‘chese ferroelec’cmcs bar:.um tltanate

w(BaT103) was discorered mdependently by Von H:.ppel and
..'vl.aSSOCJ.a'tGS of MIT and by Vul® and Goldman . fBSR h
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At the end of World War II, one important investiw
gation, limiting frequency (107°02) associated with lattice
‘dynamics, was made. This proved to be beyond the ablllty of
present day ultrasonic transducers which are llmlted in fre-

quency to 100 GHz (101le);

Since 1945, therc has becen continuous and steady
increase in the amount of research work done in ultrasonics
specially, in industrial processing applications and nonw

destructive methodsy

1.3  APPLICATIONS OF ULTRASONICS,

The science of producing and trénsmitting sound waves

| ln materlals, has now become o fluorishing art'W1th many

. prac tlcal appllcatlons.

The low-amplltude application 1noludes under water'
sound transmLssion for locatlng submarlnes, measuring the
depth and detail of ocean bottoms, £1ow detectlon in materials,
"delay llnes for storlng 1nformatlon and for performing many
processing calculations and mary medical appllcatlons,wsuch as»s
-1ocatingfc8ncers_and other‘imperfeotions_in}human body; Ultra,

- sonic waves are also being used in many physical investigations;

' The sound waves of large magnlnude generate non-llnear
!geffects, such as ,the productlon of cavities in llqulds and
fatlgue in SQlldS. This gives rise to another series of

applications, viz, ultrasonic cleaning, emulsification of
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liquids, machining of materials and tests for fatigue
in materials particularly,when a large number of cycles
is required'; In biomedical applica‘ﬁ_iéns, the
destrqction of bacteria gnd the use of fogussed ultrasound

as a surgical knife are also possible, ;

1.4  NON-DESTRUCTIVE TECHNIQUES.

The non-destruc’cive evaluation (NDE) employes the
techmques that check the compl:.ance of matcrlals,quallty
and its s‘tmctural 1ntegr1ty o agreed speoa.flcatlons
wi‘thout in any way affectlng the service a‘blllty of the
‘objects so tested.

At present, ind'ustr-ies are applying ‘aad studying
'} over more than “wo dozen nonwdestructive cvaluation
methods. Nearly ,a]l of ’chem have appeared since 1920s and
| most smce '1940s,. Five NDE mecthods, however, used industrially
for more than any othcrs, areeradlography, ultrasomcs eddy
"cdrrent, nagnetlc particle and fluorescent liquid penestrant.
VWorkers J.n the field popularly refer to this group as the
| Big Five. [3]. o

T 4.1 RADIBGRAPHY.

Wilhelm Rontgen. disoovered dx-rays in the early
‘,_star’c of 20th cen’cury. Implemen‘cing the Pionecr work of Horace H.
Lester an.d UeS o Armay Watertown Arsenal in Massachusetts,

- 'pradiography became the first method of internal visualisation, .

to be adopted to NDE by early 1930s. During World War II,



millions of radiographs were taken to scarch for defeots
in a large variety of military rated components, Like the
familiar ana& in medical field, this method works as a
sandwigh to the components between a source of highly
penetrating radiation and a plece of photographic fllm to
make a film record of the internal condition of the object.

Three types of radiations are used in industrial
radiography’, X-rays, gamma rays and neutrons., The X-~rays
and gemma reys are the electromagnetic waveé like radio
waves or V151b1e light but comparatlvely, they have much
hlgher energy. Xwrays are the radiations coming fLrom the
lost klnetac energy of the rapidly decelerated electrons

{ahd'afefpfoducéd‘asﬂa,result-éf collisibn.of’high-speéa |
‘-7je;ectrons_Wifh a metal target;Gammabraysvare’émittéd’as.a.
hatural phengmenon from/thé nuclei of decaying radioactive
i.sotqpes such as cobalt-60, Electrically uncharged neutrons,
‘-onyfhe other hand are ejesbed during nudléar fission or
nmhwr%&mm mwdeamMCmﬁMMsﬂﬁMwa
suitable target.The object under examinatioﬁ pénetrated by
beam'of rgdiation reduces or attenuates the_intensity of the
beanm Vin proportion to the'thicknass being penetratedf and

- its capacity to the form of radiation; Voids; changes in
thickness or regions of differing material composition will
! pfoducéfprojected shadows and highlights of themselves

on £ilme



L4442 ULTRASONICS -

A high rank exists in the credit of ultrasonios on
:fhegiist of NDE methods. Like radiography, it is capable of
detecting defects hidden ih the interior of a part.
Ultrasonics, however, is more sensitive to minute Llaws
than radiography. It can be used to inspect the material
from one side also. producing the comparable results when
inSpecth from both sidés; In the method, the high frequency
'sgund’wéigg (at millions of Cycieé per sechd) are launched
) infofﬁhé material, being inspected. The inspection is oérried

»out either by detecting echoes from a discontinuity, such as,
_ crack or a foreign substance coming in the way of waves L0
;(pulse-echo modgv or measuriag the reduction in sxgnal

~strength as the attenuated wave exits the material (through

Virtually, in all progedurés, ultrasonic wave is
. launched and received with piezoelectric transducers madé

- of such materials as lead zirconate titanate. When an‘décillating
| electric field is applied to these crystuls, they vibrate
" -"-mechanioa]ly at h:.gh frequency. Contersaly, an osc:.llatmg
current is produced when they are forced to v1brate mechaniw
cally. ‘The component under test is coupled by a thin grease
B Cfilm or a Water path, The v:.brat:.ng crystal induces the elastj.c‘ ’
waves of .the same frequency (the nafura‘l frequency of the |

crystal) which propagate into the material under test., Either
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compressional or shear waves (vibration along or perpenw
‘dlcular to the direction of propagatlon) can be produced,
Compress10nal waves have higher sensitivity to some defects
as compared to shear waves,
14443 EDDY CURRENT METHOD

The analytical and experimental work zbout eédyvcurrents
was introduoed by German scientist Fr;edrlch.Forster in 1940,
This provmded most of the early SCLentlflo method to 1nvest1-
vgate the eddy current method of testlng. The best utilisation
4.of eddy surrent method is to locate surfaoe flaws .or near
surface flows in elecnrloally conductive materlalsi To a
lesser extent, it is used in evaluating material prbperties‘
like hardness and in sorting the types of alldyéz The methods
exploits the secondary current (eddy current) These are |
'lnduced electromagnetlcally within the surface reglon of
a conductlve material under test, when a wire coil itself
excited by an alternatlng current is positioned close to
- the test pieée. When the coil probe.passes over a orack in the
teét.piece,vfhe éddy currents are distorted producing a
measurable signal in the electronic circuit (monitoring the
coil)e Since the frequency s@bstantially determines flow
 detectability, the frequency of the field generated by the

coil is a very important factor is eddy current testi
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Deeper field penetration is provided by Llower frew 4
q_genc‘i-es but small surface flaws now face reduced semsitivity.,
Gn the other handy,higher frequencies increase surface flaw
sensitivity while becoming almost insensitive to subsurface
flawss The factors such as coil design, clectronic instrumenw=
tation, test procedures, signal onalysis and the skill of the

inspector also influcnce the eddy current inspection method.

154‘.4 MAGNETIC PARTICLE INSPECTION.,

. Thls type oflﬂDE mcthod is based on the way surface
a'cracks disturb the magnetic fields in ferromagnetic (strongly
»- magnitisable) materials, Applied mainly in testing of iron
and steels, they came to existence in the late 1920s, Elmer A,
- Sperry and H.Ce Drake in the U.Sw, experimented with so called
magnetic leakage fields. They observed such fields emerging
,:from sdrfaGe ciacks.in sections of magnitised rail.road rails.
In 1928, Alfred V. de Forest of the Massachusctts
' Institute of Technology demonstrated a magnetic particlé
method ihwhich finve iron powder is attracted to a.surface
flaw in a magnetisecd ferromagnetic parts The two sides of a
.crack:béhaveilike opposing magnetic poles thus exerting a

foree that retains the particle at the cracks.

Today; the magnetic particle inspection (MPI) mcthod
is oﬁ%&mised’for‘particular applications, depending upon
magné%iSationl demagnetisation procedures. and types of iron

powder used, The powder meay be dry or suspended in a light oil
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'brightly oolored or coated with fluorescent'materiali
This is a simple and economical NDE method for industries
that are associated with ferromagnetics. from metal pPro=

duction to field maintenance;

1.4.5 FLUORESCENT PENETRANT .INSPECTION

Robert C.and Joseph L. Switzer were the men to
introduce the fluorescent penetrant inspection (FPI) process
in 1942 and performed experiments in their olivahuax , Ohio,

- Laboratory.

This method emerged as a embracing methed for the
'manufactufer of military}aircrafti They applied it .tq
~‘3inspect-pfb§ellers,.engine components, castings, bcarings
L qahd:cgtting_too1s; Now being refined,it: has become very simple
écénomicél?ahd especially well suited;to the inSpéctioh of

' .complex shaped components for defects that open to thﬁ surfaces

The part of a test piece; under examination, is immersed
in a peneﬁrant liquid bath, an oil or a glicolw~based fluid
With good-wetability and the liquid seeps into open éurface
créoksi The excess penetrant is made to rinse &Wﬁy 8ﬁd this
~ part is left to dry ouy - The pénetrant trapped in cracks
is drawn out by the'application'gf a developer, which acts
‘like a blotter. The result is slightly enlarged replica of
'the'crack:,which‘“ﬂubres'ces' under ultraviole‘c ligh“c';r FFL -
lies across a broad spectrum of manufaéturing and maintenance
‘:‘KDE appiioabiiityzwhich range from large structures to minute

electronicy miorocircuits,
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1.5  ULTRASONIC TECHNIQUES IN NDT

Ultrasonic techniques have the major ad?antage that
they measure the elastic properties of the materials They
also produce data most closely related to a determination
of viability and useful life of a material samples In the
past, ultrasonic measurement techniques mainly strived for
evaluating the position and size of fairly major defectss
such asscracks or debonded regioﬁs; As  a present state bf
art,'uitrasonic.techniques are applied to measure more
subtle characteristics, such as,the siie and shape of a
'CraCk'or defect, The strength of a.bond. or a residual
‘stress in a welded region or near a craok a}e also analysed by
these'techniqueé;' | |

The bosic ultrasonic techniques, ecmployed in NDE,

" are mostly emphasized on obtaining presencé or abscnce of
flaws and_afterward getting their images, if necessary while
.in mediéal field [4] the use is restricted to +the image

= projection'only.
| It can‘bé'broadly categorised in two parts; holographi
“and real time ( or near real time) imaging systems.

"15%1 ULTRASONIC HOLOGRAPHY -

The aim of acoustic holography [5] is to produce by means
of acousiic waves a hologram of an object inside an opaque,

vsubjeéf& to transferm the acoustic hologram into an optical
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"~ helogram and to reconstruct from it (by means of light

as reference waves) a visible image of the object concerned,

The present, state of the art has not made it possible
%o construct equipment for acoustic holography which is

sufficiently robust and simple to manipulate. It is expected
that certain simplifications of the acoustic optical hologranm

conversion will greatly improve its applicability.

‘In contrast to the testing of materials, however, it
. can be hoped that acqustical holography will beccme an

'importaﬁt,tool of medical ultrasonic diagnostics,

1;552'REAL TIME ULTRASONIC IMAGING SYSTEMS,

The systems are too fast to produce and process a

great deal of information in a short time. The 1mag1ng dev1ccs
. have been-used to searoh for various types of flaws and have
"beeh used in phase contrast to measure stress. At presén?,
only rc1atively simple demonstrations of real-time imaging .
'havé been 6afried out in the laboratores, But the techniques
employéd appear to hold great prospects for future applica-
~ tions to NDT [6].



CHAPTER w 2

PRINCIPLES OF ULTRASONIC TESTING

2¢1  INTRODUCTION.

In industries, the modern NDE methods are employed

to detect defects in eomponent‘parts,and to characterise

the physical properties of materials. These methods foilow
onexof the two basic approaches. First one,is = the introduc-
tion of some form of energy (primarily magnetic, electromag-
netic;ultrasonic, thermal, optical, mechanical or penetrating
radiation) into a part and the meaeurement of change in that
'energy, which is qualitatively related with the defects or
'_propertles to be examined. Secondly, one can 1ntroduce some

-,type of virtual flaw 1ndlcator to the component and produce

,its v1sua1 observatlon.

7-2»-.2 TYPES OF ULTRASONIC WAVES AND THEIR APPLICATION

The claSSlflcatlon of ultrasonlc Waves is based on

-__the mcde of partlcle motions This categorlsatlon presents

'7.four types of ultrasonlc wavesf longitudinal waves, vertical

. and horlzontally polarlzed shear or transverse wavesy surface

Waves and 1amb waves.

, Four of these wave modesvwith their importance [5];
{71, [8], {9] are illustrated bmeﬂy in the follow:mg para-
, graphsi
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242e1 LONGITUDINAL WAVES

These are also called as compressional wavess Their
wide application figures in the inspection of metals, The
propagation of these waves occurs a%‘o a series of alternate
compressions and rare factions The f‘qarticles transmitting
the wave vibrate back and forth in %he direction of travei
of .the waves (fige. 2+1)e

This is the real ultrasonic wave because it transmits
the oscilla'tions. of a source of energy through the liquids,
svoiids “and ei"ren gases‘; v | R

This type of .wave is generally appliedlfor power
_generation, éleanin_g in tanks of solvent-;- dis‘peiéal of aero-
sols and ééglomeration of fogs and precipitates, emulsificaw
tion, gréin refinement in steel melts, ultrasonic mechimning aud
'i"n te‘sting'and meaSurement problems,. Location of hidden flaws in
- metallic objects, measurement of the depth of liquid in tanks

and determination of the thickness of boiler tubing or heavy
castings (whefe,only one side is available) oan all be pers-

formed by means of longiltudinal waves,

2.2,2 TRANSVERSE WAVES (SHEAR WAVES)

These waves also have extensive use in ultrasonic
inspection of metals., The transverse wave phenomenon can be
understood by the vibration of a robe that is shaken rhyth-

- mically in which each particle vibrates tip and down in a
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‘Plane perpendicular to the direction of propagation (fig.2.2).

Due to the nonw-propagation of shear waves through gases
and 11qu1ds (otherWLSL,they could not flow so readily along
walls ises: i'through plpes), they find apprec:.able application

in testmg of solid materials only,

The above, two waves are plane waves iese, waves in
which a given phase of oscillation is always the same in a =~
given plane. This ccphasal plane is the wawve surface which

moves parallel to itself during the wave propagation";

2.2,3 ‘SURFACEI WAVES (RAYLEIGH WAVES )

The:so-called.surface waves are another type of waves
- to be used fbr lnspectlon of metals. These waves travel along
the flat or curved surfaces of relatlvely thick solid parts
(fig. 2 3) The propagatlon of surface waves needs the wave
etravel on along an interface. bounded on one 51deAby the strong
elaSticvarces'of a solid and on the other side by the practim
cally negligible'elastic forces between gas molecules: Surface
waves?vtherefOre, nowhere exist in a solid; immersed in a |
- liquid unless only a very thin liquid film covers the solid
sufface@

Although, limited, these waves are utilized in the
locatlon of surface defects occurlng in beanms, spares, axle
forglngs and other materials which have the dangerous cracks
close to the surface. A specific feature of these waves, *to

flow around corners and over bumps, edges and other irregularities
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) faeilifates them toibe used in the surface examinafion
of such 1tcms asszeroplane wing-flttlngs, where access is

_dlfficult or imPOSSlbleo
' 2.2}.47LAMB WAVES .
These are also known . és-plote wavess These waves
propagate 1n a mode in which the ultrasonic beam is' oontalned
within two parallel boundary surfaces (sudh as plete or the
wall of a tabe)s A lamb wave conSLSts of a complex vibration,
,occurxng‘ﬁhrough ou*“ﬂnc thickness of the materlal. Density, -
'elast:.c propertles and structure of the metal are the decz..dlng

“faotor for the propagatlon of 1amb waves. The wave travel is

';falso influenced by the thickness of the muterlal.

There are two ba51c forms of 1amb waves’ (a) symmetr1~;
_cal or dilatatlonal (flg. 2 ha) and (v) asymmetrlcal or '
"bendlng (flg. 2.4b), The form of wave is determined by whether
'Athe partlole motlon is symmetrlcal or asymmetrical with respect
:to the neutral axis of the test plece. anh form has its own
esubdmvmsion in several modes.leferent modes have different
‘veloc1ty whloh can be controlled by the _angle at whioh the

waves enter the test plece.

- .

=
" - To a llmltEd extent ‘Llamb waves are used in examinatlon
'of thin sheets and plate stocks. Not much.more effort has been
'made on the development and understandlng of the oharacterlstncs-

of the 1amb waves. R
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243 ULTRASOM[C WAV’ES AND THEIR INTERACTION AT PLANE
INTERF ACES

Analysis of a wave in an infinitely extended .
substance 1is poss1ble theoretlcally because ln prqotloe,
every substqnce terminates some where 1.e. it has a bounery
or interface, There occurs the dlsturbance 1n the transm1531on
of a wave at such an 1nterface becauae it rcqulres always the
presence of particles for its propagatlon, The interface may
cause reflection, refraction-or,sométiméa scattering; When
anothervmaterialg behind,the'boundaryr,adheres;to“fhé first

 materialy 50 that forces Can'vbe trahsmittéd::ﬁhe wave can be
_transmltted and.also can be propagated in 1t. It is possible
f‘_that it encounters a ‘more or 1ess change 1n dlrectlon, 1nten51ty

_and mode. .

Ina simbié'055é; it méy be COnéidered thaf on aafiéne
and.smooth béundarw,‘a piané’wéve'strikes,perpendioular to ﬁheﬂ.
‘ surface; It~iS'aSSumed that‘for‘the Symmetry; the. plahe waves
now propagate at right angles from the boundary Vize a reflected
" wave.wh1ch opposes the 1n01dent wave and a transmltted wave'
The simple-expressiéns for sound,pressure arg'vispalised
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material 1 . naterial 2

Zl = P ¢ Z:;'2= P S5

Incident wave -

Sound Pressure pe } Transmitted wave
s sound pressure Py

Reflected wave

sound pressure Pn

o BR
pe | 224"21
cad B = D= T

Where Z,l and Zo are acoustic impedances of the materials
and R and D are the coefflclents of reflectlon and ’cransm:n.ssmn,
I‘eslaectlvely. :

In ultrasonics, ‘amplituide (intensity) ratios are
measured. in decibels (dB) For amplitude of acoustlc pressure

p(intensity JY the following definitions appliest

‘Ratio in decibels = 20 log —= dB

[}

)
[
O
cQ

&

. The formulae for R and D coefficients are also valid for
,'{;r,ané,verse}wavés; Since the velocjity of sound in liquids. and
gases 1s zero for transverse waves, a transverse wave gets
completely reflenind (coefficient of reflection =1) in solid

materisl on its surface with a liquid or gaseous substance.
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For transverse wave, the formulae are, therefore,of signifi-

‘cance only in case of solid/ solid interfacesw

In addition to the interface between two materials of

1 largevdimensions, the double interface as in the case of

Plate and gap. is of interest for the testieg of materials cege
for the transmission of sound through a.craok in aVSOIid body,
The wave pa®sing through material 1 gets splitted into a‘
transmitted and reflected wave while striking‘the material 2,
After paSsing~through the blate,-the transmitted swave again5
splits at the second inferface and so forth, The result is a
seguénee.bf geflectiohs in both_directiens inside the plate, At

'eech:interface a sequence ofzwaves leaves the plate)vThese

o waves are - superimpooed and need their sound pressure to be -

"determlned [5]

2.4 ATTE’NUATION OF ULTRASQNIC "WAVES'

In ideal materlals, sound pressure is aitenuated

only by V1rtue of spreadlng of the wave and thus faoes no
attenuatlon whatever path it follows. In such a case,the
. sound pressure of spherlcal_wave (or theesound beam-of,a probef
‘ih the'far:field)edecreases only in inverse to the distance
ffom the source,

o Natural materlals produce some other effects grving
"further'weakenlng of the sound. These effects are caused- by
scattering and Sbserption. Both of‘these can be determxned by

'thechncept,of‘attenuatioﬂ‘(some timesi;alsQ:called\extihction)y
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Scattering of Ultrasonic waves is caused by none
homogeheity of materials. Crystal disconﬁnuities', such as,
grain boundaries, twin boundaries and minute non-metallic
inclusions, lead to the deflection of small amount of
ultrasonic energy from the main ultrasonic beamMode conw
version in mixed microstructure or anisotropic materiais
at crystalline boundaries occurs because of slight differences
in acoustic velocity and acoustic impedances across the
‘boundariess:
| The relation of crystalline si’zé, (mainly; grain
,“siz.e); to the ultrasonic wavelength has the’_ key role J.n |
- scattf‘efihg,' When grain size is les.s than 0.0l times the
Wavfel'eng.‘thz,.almost‘ no sca‘t’cering is encountereds, |

- The secord cause of at'-tenuation viz‘.é’bébi:’ption‘, is
the result of comréféiqn o'f".mechanical energy into heat, During
the sound wave propafgétibn "‘through the material, the elastic
; mdti-é’x‘ifheats it during compression and makes to codl while:in
rarefungtionte As the conduction of heat is a very slow process
as :jc"Om"pare*d‘ to ultrasonic waves propagation,thermal losses are

incurred and consequently, reduce the energy of prbpagating waves

Apsorption effect can,roughly, be approximated as a sort
of braking effect of oscillations of the particles, This clarifies
.thé fact why a rapid oscillation faces more energy loss than a
slow osci]la{:ion. The absorption usually inoreases as the frequency

increases but at a rate much slower than the scatteringe
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However, in different'ways,bbtﬁ losscs set limita-
tions to the testing of materials. Weakening of transmitted
energy or the echo from-both, the ‘flaw and the back wall,
ts a result of purec absorption. To counteract this effects
the transmitter voltage and the amplification can be indreased.
" Since the lower frequencies cause lower absorption,bthis fact

can also be exploited for this purposes

However? the scattering pronounces a much more
unusuality as in the echo method, i® not only reduces the
height of the -échq (from both, the flaw and the back wall)
but also generates numerous echoes with differént-transit _
times;These_échoes, called as 'grass} some times confuse the
 true echoesy |
"It is:évident that this disturbance cannot be overcome
by stepping uﬁ‘the transmitter voltage or the amplification

because the grass also inéreéses,'consequenxlys The only
possible remedy is to apply lower frequencies, But'it sets a
naiural-andvinsuparable 1imit to the deteetabilityof smaller
flaws as a‘reSult of reduced beaming effect and increasedv
pulse léngth'[i]. |
2.5 . RADLATORS AND REFECTORS

2.5.1 RADIATORS
245,131 Flat Radiators

This oscillator is in form of a plate and *tronsmits

longitudinal or tramsverse motions to the particle of a
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contiguous materiale The transmission occurs over the

entire surface and has the same phase and auplitude through-
out this, Such oscillatorsybeing mounted in an extended,
rigid wall and radiating into a liquid,produce a sound field
similar to that behind a dicphrogm ( a hole) of the same
diameter as the oscillator in the wall. if sfruck by a
plane wave (figo 5 )The parficle motion in the diaphfagm is

now the same as that immediately in front of the oscillator.

-2.5.1;2 Focussed Radiators

| Tﬁe focussed radiators are used in order to increasé
the sound intensity (power density). The increased sound
intensityrcéuses an internal inCreaée\in the amplitude of the
' sound.pressure.and imbroves‘the resoiution in cértaih zones
to be examined. |

The focussing is realized by means of curved radiaters

- or also plane radiators with contact lenses, Spherical or
‘cylindrical lenses are used according tovthe shape of the

radiatorss

2¢5.2  REFLECTORS
A gi#en flaw in a test objectse.gs a cavity in casting,
fvacts as an obstacle to‘the sound wave, The information regarding
. the flaw can be obtained either via the reflected wave i.e. its
- echo when using the pulse echo method or by its shadow while

using the method of sound intensity measurement,
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" The obstacles, flaws or defects are termed as reflectors
since they reflect the sound wave according to their shape, size
and orientation, The dimensions. transverse to the beam are the
‘classifying factor of flaws which accordingly categorise them
as large or small defects. The name small, however, does not
identify the seriousness of the defect in view of the utility of

test object@

.4.

The 31mplest form of reflector shape 1S of circular_
disc type. The echo generated by this can casily be characterl-
sed when itA1$:con$1dered that a c;rcular disc is placed on the
" axis of the radiatof_and at a 1arge'distéhce from it. The |
diemeter of the beam,being, much greater as compared to disc
,.Size,iilumiﬁetes the circular disc elmost‘uniferhiyeiAll,the'
points of disc now beeome origin of elemenﬁary-waves which have
'equal phase and amplltude.consequently, the disc acts like. a new
plston oscillator (flg. 246)s

R Natural flaws, in test specimens, dlffer'W1dely from
'the ertlfl01a11y,subﬁ¢iwutedflawo in circular disc form"In
| general, fheif boundary is not circular, their surfaee'not flat,
nor smootk even if, it could be regarded as approximately

! flat',

The wave length always decides the rough or smooth
features. The surface is considered to be as smooth when the
dlfference:ha height of the surface 1rregular1t1es are less

-than approx1mately one third of the wavelength.
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Anvappropriate choice of frequency or wavelength

improves the reflection produced by rough surfaces. In
the case of a longer wavelength, a surface of given roughness
may appear smoother and produce reflections like a mirror and
thué less scattering. Conversely, a shorter wavelength produces
more scattered reflection when incidence is obliguerA broader

band of transmitted pulse makes the reflected wavé to cohtain
| greater information, Thus)very short'pulses'(shock waves) are
of much importance. However, monockromatic pulses. having
frequency variation over a'wide band. c¢an also be used. The
echo amplitude from the feflector and large plane reflection

face is recorded and compared.,
2.6  ACOUSTIC DEFINITIONS
2.6%1 ACOUSTIC IMPEDENCE

The ultrasonic waves while travelling thrdugh one
medium and impinging'on‘the interface of a second mediumr
observe a portion of their~energy being reflected from the
boundary and remaining part transmitted into the second mediums,
The characteristic that determines the amount of refleofions
is the acoustic impedence of the two materials on each side

of the boundary.

The identical impedance of the two materials gives no
reflection while a great difference in acoustic impedence
(as between a metal sand air, for instance) causes virtually a

complete reflection.
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The same characteristic is exploited in inspection
of ultrasonic testing of metals, The proéeSs provides the
information about the amdints of energy reflected and trans-
mitted at impedence discontinuities. Thisjalso, aids in the
selection of suitable materials for effective transfer of

acoustic energy between components in ultrasonic inspection

systens,

.

Acoustic impedence for a longitudinal wave (25, in Kge

: . Ll

per square meter -second, is defined as the product of the
materlal den51ty (2) in Kg per cublc meter and longitudinal

" wave velocity (v) in meters per second [1]{10]
124642 ANGLE OF INCIDENGE

 0nly a_right angle incidence (normal incidence) on
an interface between two materials leads to the occurance of
traﬁSmiésion and reflection at the interface without any change:
in beam direction. The other angles of incidence cause the
phénomenon of mode conversion ( a change in the nature of wave
motion) and refraction ( a change in the direction of wave
"prQPagation); The entire beam ér only a portion of the keam
- is affected by the phenomenon, The entire.changes occuring at
the interface depend on the angle of incidence and the velocity
of thé ﬁltrasonic waves leaving the point of impingement on
the interfacenghe waves prqpagating at a particular instance

~ depehd on the angle of incidence of the initial beam,»the
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‘velocities of the waveforms in the two materials and the

ability of a waveform *to exist in a given materials

2,673 NEARFIELD AND FAR-FTELD EFFECTS

The vibration of the face of a transducer element is

very complex, This,in a simple way,can be described»as a mosaic
of liny individual crystals, each vibrating in the same direcw
tion but slightly out of phase with its neighbourss Each element
in the mosaic acts like a point (Huygens') source. The point
source radiates a spherical wWave outward from the plane of the
transducer:faceb | | |

As the'distance from the transducer fece 'a' incfeese33
-the-seriee of acoustic- pressure maximume and. minimums"cecome
*'broader and more w1dely spaced. When 4 becomes equal to‘N (w*th.
N denotmg the length of neanf;.eld) ‘the acoustic préssure
 ;reaches a flnal maxlmum and decreases with lncrea51ng dlstance
- (fig. 2 07)' |

24644 ACOUSTIC RADIATION PRESSURE |

- Acoustic radiation pressure is the net pressure axerted
- oon a surface or interface by an acoustic wave. The sound waves
. "

in normal occurance do not produce any net force on an object

' through the back and forth osclllatlons of fluld. The sound

"Vpcwer of a normal speaking v01ce is less than one milllonth

of the electrlc power of 100w llght. Intense sound waves, of
';'course, can exert net forces of sufflclenﬁ magnltude (propor-
= tlonal to the sound 1nten51ty) to counteract gravitation forces

and thus 1ev1tate an obgect 1n aire.
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The application of acoustic radiation pressure lies
in calibration of acoustic transmitters, deforming and breaking
up of liquids to colleot like objects, This also figures in the
positioning of objects in a sound field, some times; levitating
the sample so that independent examination of objects properties

can be worked out [10].

2.6,5 ACOUSTIC INTENSITY

Aooustic iﬁtensity is defined as the average rate of
flow of energy thrqugh a unit area normal to the direction of
wave propagation as a result of sOuhd pressure acting on that
area, The hn:.m for acoustlc intensity are watbs per square
' centlmeter or declbels. The energy at any instant consists of
kinetlc and potential both., The velocity given to the particles
oi the medium exerts the kinetic energys The potential energy
results from the fact that the particles are displaced from
‘equilibrium and energy is stored in the elasticity or stiffness

of the medium,.

-The power in the sound wave is the product of acoustic
in‘bensity and the area through which the acoustic energy flows.
This is related to the power input to the transducers It is
a very useful quantity to find out the tranéduber efficien&y [1].

2,7  ULTRASONIC GENERATION AND DETECTION
The ultrasonic transducers (perfprming both generation

and detection) are the devices which convert electrical energy



into ultrasonic enefgy and vise verSa}while the detection
process is called the direct phenomenon,dﬁhew.generation is
termed as reverse, Frequency is the main facfor to the scleCw
tivity of transducer best suited to aﬁ& particular applica-
tion [5]$'Piezoelectric effect is predomihdntly, used for
generation and detection of ultrasonic waves, In order to
understand their characteristics and applications, a considera-

“ble 1nformation is produced in the present section, Besides

- plezoelectrlc,also, other physical effects can be utilized for

d;fgeneratlng and receiving ultrasound. Althoughynot capable to
prdducévcdﬁbarable signals to the piezoelectric effect, these
effects offer a number of advantages and for the same reasons
_are applled for the testing of materials, in some spec1al cases,
'In many of theSe effggts,the transmission of energy occurs by
electricai or-magnetig:fiélds; In such cases, the mechanical
.contact With.the test becomes irrelevant, The.corwersion into
"or from adoustic energy is incurred in the surface'of_the work
Piece underdconcerna Surface of the work pieee'itself forms a
part of acoustic transducer in the case of direct method. The
direct_orvdry'méthodsathus,require no coupling medium.and sc¢

avdid some of the difficulties arised due_to-coupling;

" In addition to the detailed discussion of piezoelectric
. effect, all other possible effects, suitable for generating and
receiving ultrasound (used for testing of materials) will be

ibe'hrieflyldiscussed- in the following sectionss
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2474Llel Piezoelectric Phenamenon

It is the property of the piezoelectric materials
that if.defonned by external mechanical preésure electric
charges are generated on its surface. Curie Brothers were
first to discover this phenomenon in 1880, The reverse

~ phenomenon was discovered soon afterwards (1831).

In reverse effect, such a material changes ite form
Hif an electric potential is applied placing it between two
elecfrodes; The former is known as direct piezoelectric
effect while the later being termed as inverse piezoelectric
effects The first is now used for measurement leaving the
second fof‘producing mechanical pressures, deformations and

oscillationsy:

The piezoelectric effect is a property of the crystal
structure and is linked to an asymmetry in it, which can be
charadterised by presence of one or several polar axes., The
each direction of crystal axes differes from the other opposite
directions Thusya changed state is observed when the front and

back ends of such an =xis are interchanged.

The piezoelectric effect is best analysed byvusing
plates cut from the crystal at right angles to an 