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ABSTRACT 

Testing of materials by sound note is one of the 

oldest 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 tension 

or bending until the crack manifests itself by an open 

break. The transition from audible sound to ultrasonic 

sound ( nt adays, widely used for flaw detection) has 

become possible by its modern methods of generation and 

detection. 

In modern days-, the nondestructive testing (NDT), 

also,known as nondestructive evaluation (NDE), has become 
the basic inspection tool of industries', The product devew 

lopment, 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,*  

In this dissertation, the whole work is carried out for 

detecting the flaws in a material 	by using ultrasonic 

techniques based on pulse-echo method'. l The entire discussion 

accounts for the working principles, design aspects and 

important features of the two systems developed by the 

author. An effort has also been made to produce a brief 

review of various other ultrasonic flaw-detection techniques. 



The entire testing has been performed on bars of 

brass material?.: The related data so. obtained is therefore, 

applicable only to this particular material. 

The . first system designed and, implemented is the A-scan 

with digital readout-. It gives the measure of the exact 

location of the flow on a digital display unit. It uses a 

single transducer assembly, which acts first as an emitter 

of ultrasonic pulses and then as receiver., to detect echoes 

from defects or other interfaces... Transmitter circuit 
provides the required signal to excite the transducer while 

the receiver circuit consisting of rf amplifier,video ampli... 

fier and demodulation and suppression circuit performs the 
analog processing. of 'the signal received by the probe'. 

The. exact formulation of transit time (i,.el. interval between 

transmitted and first return echo) of first return echo into 

a interval pulse is achieved through a digital processing 

unit .which comprises of logic inverters, AND and C 0R gates'. 

Finally, the digital display unit, shows the exact measure of 

flaw location in numerical values. 

The system so developed is capable to detect the flaws 

located at 30 cm or more from the transducer face. The 

maximum limit goes upto 2.5 meters. The low damping 'of the 

transducer, employed here ,affects its resolution to a great 

extent. This puts a limitation to the present system in form 

of its incapability to detect the flaws ,within the range of 

30 cm from the transducer face and also-, its.  insensitiveness 

to distinguish the' flaw in the span of 30 cm. 



The second system is an ultrasonic imaging system 

which produces a, cross sectional image of the test piece 

on CRO towards its front face (i.e. scanning face )°. The 

process of transmitting and receiving the ultrasound in 

the system is also the seine as for the previous system 

discussed earlier.. The difference lies only in the clock 

signal which here is generated by the microprocessor rather 

than by a 555 timer. The transit time measurement is 

performed by the . ip itself'. The scanning mechanism comprised 

of two stepper motors is the additional unit providing the 

linear and step movement to the transducer. The micro- 

processor (i,.e,,! GPU) here performs the functions of generai. 

ting and receiving position signals, storage of these 

position signals and transit time information along with the 

clock generation to excite the transducer at a particular 

frequetfcy known as pulse repetition frequency. The outputting 

of the stored position signals (x and y coordinates) along 

with the transit time (z-coordinate, fed to the z;,.modulation 

point of the GR4) in succession, produces an.image inform of a 

dot matrix giving the information about the flaw shape and its 

relative location,.. The brighter spots represent the flaws of 

nearer locations'.' Resolution in the present system is also 

affected by the low damping of the probe. 

The present system presents a great deal information 

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



the transducer face. The lower limit, mainly detennine,.d by 

transducer damping, can be reduced if a high dionping trans-

ducer is used. The upper limit in this case is much enough 

for any specimen to be scanned. 

In the end some suggestions for future work are also 

given.. 
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CHAPTER .» 1 

INTRODUCTION 

1.1 WHAT IS ULTRASONICS. 

The science of sound, named Acoustics-, describes the 

phenomenon of mechanical vibrations and their propagation 

in all the three types of materials, solid, liquid and gas,. 

In the same way.,. as •the light waves over visible 

frequency range are called ultravoilet, the sound waves above 

20 KHz (i -.e. beyond human hearing range) are referred as ultra-

sound or ultrasonics. The sound waves! below 10 Hz are 

suggested to be called as subsonios'. In .ultrasonics there 

are many other frequency boundaries e.g, infrasonios-, super-. 

sonics, hypersonics,. macrosonics etc. 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 

Paul Langevifl who in 1917 transmitted sound waves in sea 

water [2]. He has been-}; so ,called the father of ultrasonics,. 

His theoretical and experimental work was based on background 

provided by earlier investigators. The exact formula for the 
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velocity of sound in air and water was introduced by 

Pierre Simon Laplace', while for sound velocity' in solids*. 

the Poisson was the keyman who showed it for isotropic 

solids=:. Likely, the surface waves were desoribed by Lord 

Rayleigh,  in 1887°. Pierre and Jacques curie discovered the 

piezoeleotrie effect in 1880. The piezoelectric effect is 

one of the phenomena which produce the ultrasonic waves. 

In a similar way, the other effect for producing waves in 

materials -, the magnetostrictive effect,, was discovered by J.P. 

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] 

!or 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 submarines,.,  

During World War II, piezoelectric crystals of ammonium 

dihydrogen phosphate (ADP) were found to be `more suitably 

thaj rocheJ.le salt, Since World War II considerable work has 

been done to improve submarine detection and destruction. 

R.W'.Wood and A'.L°.Loomis showed interest in the effects 

of high.. intensity Sound!  They established techniques for 

generating high acoustic powers and started measurement of 

relevant properties'. Many striking effects,whioh can be pro-

duced by high intensity sound, were also shown-. But the most 

of them were mainly demonstrated in laboratories. 



3 

The first practical application of ultrasound other 

than the undexwater-scurx,, was the ultrasonic flaw detection 

system for locating flaws in materials-. This was firstly 

introduced by S,J.Sokolov of USSR in 1929.,  The same work was 

also performed by A. Frost, 0°. Mulhauser and R. Pohlman in 

Germany during 1930s'. Between 1939 and 1945 America and 

Brittain also worked in the same field independently. However-, 

the invention of ultrasonic' refl.ectoscope;by Floyd A-.Firesr. 

tone in 1940 led to the development of modern ultrasonic 

non,destru ctive testing (MDT) equipment:. This1  system is also 

called the forerunner of modem pulse .echo equipment. In this 

re.spect,it Qompetes with X-ray and other inspection methods. 

In the low-amplitude category, besides the increased 

activity in-underwater sound, ultrasonic vibrations were 

applied as an . 	it 'to $ -m It was during World War II 

that liquid and solid delay lines [2] . were developed for use 

in timing devices, antijamming devices and moving target 

indicator radar systems-. 

Upto 1945, the principal transducer materials were 

• quartz. crystals, ADP crystals and magnetostricti e materials-. 

• In 1945,#  a big advance, was achieved by the use of ferroelectrics 

(materials with natural polarization) that can. be obtained in 

ceramic . form-. The first of these ferroelectrics barium titanate 

(BaTt03) was discovered independently by Von Hippel and 

associates of MIT and by Vul and Goldman , USSR. 
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At the end of World War II:y one important investi.. 
gation~ limiting frequen (10 13Hz ) associated  with lattice 
dynamics'., was made., This proved to be beyond the ability of 
present day ultrasonic transducers which are limited in fre-

quency to 100 GHz (10IlHz). 

Since 1945, there has been continuous and steady 
increase in the amount of research work done in ultrasonics 
specially, in industrial processing applications and non.. 
destructive methods-. 

1.3 APPLICATIONS OF ULTRASONICS-. 

The science of producing and transmitting sound waves 
in materials, has now become .ri: fluorishing art with many 
practical applications-. 

The low-amplitude application includes under water 
sound transmission for locating submarines', measuring the 
depth and detail. of ocean bottoms, flew detection in materials-, 
delay lines for storing information and for performing many 
processing• calculations and many medical applications-, „such as, 
locating cancers and other imperfections in human body . Ultra.. 
sonic waves are also being used in many physical investigations. 

The sound waves of large magninude generate non-linear 
, :effects, such as,the production of cavities in liquids and 
fatigue in solids•. 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 applications-, the: 
destruction of bacteria and the use of focussed ultrasound 

as a surgical knife are also possible. 

1.4 NON-DESTRUCTIVE TECHNIQUES.. 

The non-destructive evaluation (NDE) employes the 

techniques that check the compliance of materials, quality 

and its structural integrity to agreed specifications 

without in any way affecting the service ability of the 

objects so tested.: 

At present, industries are applying ,czd studying 

over more than 10 dozen non..destructive evaluation 

methods,.. Nearly all of them have appeared since 1920s and 

most since 1940s.. Five NDE methods, however.,used industrially 

for more than any others, aretradiography., ultrasonics., eddy 

eurrentl  magnetic particle and fluorescent liquid penestrant.° 

Workers in the field popularly refer to this group as the 

Big Five £3]. 

1'.4.l RAE IeGRAPHY'i. 

Wilhelm Rontgen . discovered .'X-rays in the early 

:start of 20th century. Implementing the Pioneer work of Horace H', 

Lester and U,S.Army Watertown Arsenal in Massachusetts, 

radiography' 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 search for defects 
in a large variety of military rated components-. Like the 
familiar Xray in medical field, this method works as a 
sandwid~, to the components between a source of highly 
penetrating radiation and a piece of photographic filar to 
make a film record of the internal condition of the object. 

Three types of radiations are used in industrial 

radiography p L- rays-, gamma rays and neutrons-. The X. rays 
and gamma rays are the 	electromagnetic waves like radio 

waves or visible light but comparatively, they have much 
higher energy'. X-rays are the radiations coming rorn the 
lost kinetic energy of the rapidly decelerated electrons 
and are produced as ..a . result of collision of high-speed 
electrons With a metal target.Gamma rays are emitted as a 
natural phenomenon from the nuclei of decaying radioactive 
isotopes such as eobait..60 Electrically uncharged neutrons, 
on the other hand are ejea d during nuclear fission or 
nuclear reactions induced by atomic particles striking a 
suitable target.The object under examination penetrated by 
beam of radiation reduces or attenuates the intensity of the 
beam in proportion to the thickness being penetrated, and 
its capacity to the form of radiation. Voids, changes in 
thickness or regions of differing material composition will 
produce :projected shadows and highlights of themselves 
on film. 
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1,.4.2 ULTkASONICS 

A high rank exists in the credit of ultrasonics on 

'the list of NDE. methods-. Like radiography-, it is capable of 

detecting defects hidden in the interior of a part. 
Ultrasonics, however, is more sensitive to minute jJ g 

than radiography. It can be used to inspect the material 

from one side also. producing the comparable results when 

inspected from both sides. In the method, the high frequency 

sound waves (at millions of cycles per second) are launched 

into the material, being inspected-. The inspection is carried 

out either by detecting echoes from a discontinuity, such as, 

crack or a foreign substance coming in the way of waves •. 

(pulse-echo mod or measuri'ig the reduction in signal 

strength as the attenuated wave wits the material (through 
transmission mode)'. 

Virtually, in all procedures, ultrasonic wave is 

launched and received with piezoelectric transducers made 

of such materials as lead zirconate titanate-. When an oscillating 

electric field is applied to these crystals, they vibrate 

• mechanically at high frequency,. Coi tersely-, an oscillating 

current is produced when they are forced to vibrate mechani.. 

cally'. The component under test is coupled by a thin grease. 

film or a water path'. The vibrating crystal induces the elastic 

waves of . the same frequency (the. natural frequency of . the 

crystal) which propagate into the material under test, Either 
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compressional or shear waves (vibration along or perpen. 

dicular to the direction of propagation) can be produced. 

Compressional waves have higher sensitivity to some defects 

as compared to shear waves. 

1°,4-,3 EDDY CURRENT METHOD 

The analytical and experimental work about eddy currents 

was introduced by German scientist Friedrich Forster in 1940. 

This provided most of the early scientific method to jnvesti•. 

gate the eddy current method of testing. The best utilisation 

of eddy current method is to locate surface flaws or near 

surface flaws in electrically conductive materials`. To a 

lesser extent, it is used in evaluating material properties 

like hardness and in sorting the types of alloys. The methods 

exploits the secondary current (eddy current)'. These are 

induced electromagnetically within the surface region of 

a conductive material under test, when a wire coil itself 

excited by an alternating current is positioned close to 

the test piece,, When the coil probe passes over a crack in the 

test piece, the eddy currents are distorted-  producing a 

measurable signal in the electronic circuit (monitoring the 

coil). Since the frequency substantially determines flaw 

detectability, the frequency of the field generated by the 

coil is a very important factor is eddy current test;., 
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Deeper field penetration is provided by lower fre.. 

quencies but small surface flaws now face reduced sensitivity. 

On the other hand higher frequencies increase surface flaw 

sensitivity while becoming almost insensitive to subsurface 

.flaws,. The factors such as coil design, electronic instrumeri►. 

tation, test procedures-, signal analysis and the skill of the 

inspector also influence the eddy current inspection method. 

14.4 MAGNETIC PARTICLE INSPECTION`. 

This type of NDE method is based on the way surface 

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 1920x., Elmer A. 

Sperry and H.C. Drake in the U•.S'.-, experimented with so called 

magnetic leakage fields,. They observed such fields emerging 

from surface cracks in sections of magnitised railroad rail'. 

In 1928, Alfred V. de Forest of the Massachusetts 

Institute of Technology' demonstrated a magnetic particle 

method inwhich fico iron powder is attracted to a surface 

flaw in a magnetised ferromagnetic part. The two sides of a 

crack behave like opposing magnetic poles thus exerting a 

force that retains the particle at the cracko, 

Today, the magnetic particle inspection (NFI) method 

is optimised for particular applications, depending upon 

magnetisation/ demagnetisation procedures• and types of iron 

powder used, The powder may be dry or suspended in a la, ht of 
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brightly oolored or coated with fluorescent material-. 

This is a simple. and economical ND D method for industries 

that are associated with ferromagnetics. from metal pro. 

duction to field maintenance:. 

1,.4•.5 FLUORESCENT PENETRANT IlS FEC TION 

Robert C'. and Joseph L. Switzer were the men to 

introduce the fluorescent penetrant inspection (FPI) process 

in 1942 and performed experiments in their clivelr:L . , Ohio, 

Laboratory. 

This method emerged as a embracing method for the 

manufacturer of military aircraft'. They applied it to 

inspect propellers, engine components, castings, bearings 

and cutting tools. Now being refined,it, has become very simple 

economical: and especially well suited=to the inspection of 

complex shaped components for defects that open to the surface. 

The part of a test piece, under examination, is immersed 

in a penetrant liquid bath, an oil or a glicol»based fluid 

with good wetability and the liquid seeps into open surface 

cracks. The excess penetrant is made to rinse aw and this 
part is left to dry bU. ; . The penetrant trapped in cracks 

is drawn out by the application of a developer,, which acts 

like , a blotter. The result is slightly enlarged replica of 

the crack:,which,flu{oresces under ultraviolet light-. FF1 . 

lies acros s a broad spectrum of manufacturing and maintenance 

NDE applicability which range from large structures to minute 

electronic: miorocircuits,. 
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1.5 tLTRASONIC TEC} IQUES IN NDT 

Ultrasonic techniques have the major advantage that 

they measure the elastic properties of the material. They 

also produce data most closely related to a determination 

of viability and useful life of a material sample. In the 

past, ultrasonic measurement techniques mainly strived for 

evaluating the position and size of fairly major defects' 

such ass  cracks or debonded regions,. As a present state of 
art, 'ultrasonic techniques are applied to measure more 

subtle characteristics, such as ,the size and shape of a 

crack or defect. The strength of a bond or a residual 

stress in a welded region or near a crack are also analysed by 

these techniques°. 

The basic ultrasonic techniques, employed in NDE, 

are mostly emphasized on obtaining presence or absence of 

flaws and afterward getting their images, if necessary while 

in medical field [4] the use Is restricted to the .mage 

projection only. 

It can be broadly categorised in two parts; holographi 

and real time ( or near real time) imaging systems. 

1.5.1. ULTRASONIC HOLOGRAPHY 

The aim of acoustic holography [5 ] is to produce by means 

of acoustic waves a hologram of an object inside an opaque, 
subject: to transform the acoustic hologram into an optical 
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11ogram 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 

to construct equipment for acoustic holography which is 

sufficiently robust and simple to manipulate. It is expected 

that certain simplifications of the acoustic optical hologram 

conversion will greatly improve its applicability. 

In contrast to the testing of materials,,  however, it 

can be hoped that acoustical holography will become an 

important tool of medical ultrasonic diagnostics,. 

1:5.2 REAL TIME ULTRASONIC IMAGING SYSTEMS. 

The systems are too fast to produce and process a 

great deal of information in a short time-. The imaging devices 

have been used to search for various types of flaws and have 

been used in phase contrast to measure stress-. At present, 

only relatively simple demonstrations of real-time imaging ., 

have been carried out in the laboratores. But the techniques 

employed appear to hold great prospects for future applica-

tions to 1DT [6]. 



CHAPTER •» 2 

PRINCIPLES OF ULTRASONIC TESTING 

	

2.1 	INTRODUCTION,. 

In industries, the modern NDE methods are employed 

to detect defects in component parts . and to oharacterise 

the physical properties of materials. These methods follow 

one of 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 measurement of change in that 

energy, which is qualitatively related with the defeats or 
properties. to be examined-. Secondly, one can introduce some 

type of virtual flaw indicator to the component and produce 
its visual. observation.; 

	

2.2 	TYPES OF ULTRASONIC WAVES AND THEIR APPLICATION 

The classification of ultrasonic waves is based on 

the mode of particle motion. This categorisation presents 

four types of ultrasonic waves,- longitudinal waves-#,  vertical 

and . horizontally polarized shear or transverse waves,  surface 

waves and lamb waves'. 

Four of these wave modes with their importance [5], 

[7].,:[8 °, [9] are illustrated briefly in. the following. para-

graphsl 
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2-.2,.1 LONGITUDINAL WAVES 

These are also called as compressional waves. Their 

wide application figures in the inspection of metals,. The 

propagation of these waves occurs as a series of alternate 
compressions and rare factions The 'articles transmitting 

the wave vibrate back and forth in the direction of travel 

Qf ..'the waves (fig. 2-.1). 

This is the real ultrasonic wave because it transmits 

the oscillations of a source of energy through the liquids, 

solids and even gases,. 

This type of wave is generally applied for power 

• generation,' cleaning in tanks of solvent, dispersal of aero.. 

sols and agglomeration of fogs and precipitates, emulsifica. 

tion, grain refinement in steel melts, ultrasonic mochi ning id 

in testing 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 (where, only one side is available) can all be per.. 

formed by means of longitudinal waves-. 

2.2.2 TRAI'E VERSE 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 rope that is shaken rhyth.. 

mic ally in which each particle vibrates up and down in. a 
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plane perpendicular to the direction of propagation (fi g.2.2). 

Due to the non..propagation of shear waves through gases 
and liquids (otherwise,they could not flow so readily along 
walls i4e 'through pipes)-, they find appreciable application 
in testing of solid materials only. 

The above$ two waves are plane waves i.•e'. waves in 
which a given phase of oscillation is always the same in a 
given plane. This cophasal plane is the wave surface which 
moves parallel to itself during the wave propagation; 

2. 2.3 SURFACE WAVES (RAYLEI GH WAVES) 

The*so..called,surface waves are another type of waves 
. to be used for inspection of metals. These waves travel along 
the flat or curved surfaces of relatively thick solid parts 
(fig. 2.3). The propagation of surface waves needs the wave 
travel on along an interface., bounded on one side by the strong 

• elastic forces of a solid and on the other side by the practi~• 
cally negligible elastic forces between gas molecules. Surface 
waves, therefore, nowhere exist in a solid-, immersed in a 
liquid unless only a very thin liquid film covers the solid 
surf ace'. 

Although, limited, these waves are utilized in the 
location of surface defects occuring in beams., spares,. axle 
forgings 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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• facilitates them to be used in the surface examination 

of such. items as ,aeroplane wing-fittings, where access _is 

difficult or impossible,. 

2.2,.4 LAMB WAVES 

These are also known as plate waves-... These wave's 

propagate in a mode in which the ultrasonic beam `is contained 

within two parallel boundary surfaces (such as plate or the 

wall of a tube):. A lamb wave consists of a complex vibration#. 

occuring 1 tough out the thickness of the material. Density,, 

elastic properties and structure of the metal are the deciding 

factor for the propagation of lamb waves,. The wave travel is 

also influenced by the thickness of the material. 

There are two basic forms of lamb waves; (a) symmetri. 

cal or dilatational (fig. 2.4a) and (b) asymmetrical or 
bending (fig,2'.4b). The form of wave is determined by whether 

the partjcle :motion is symmetrical or asymmetrical with respect 

to the neutral axis of the test piece. Each form ,  has its own 

subdivision in several modes.Different modes have different 

velocity which can be controlled by the angle at which the 

waves enter the test piece. 

To Fa limited extent,.. lamb waves are used in examination 

of thin sheets and plate stocks. Not. much more effort has been 

made on the development and understanding of the characteristica 

of . the lamb waves; 



17 

2.3 	ULTRASONIC WAVES AND THEIR INTERACTION AT PLANE 

INTERFACES 

Analysis of a wave in an infinitely extended 

substance-  is possible theoretically because in practice, 

every substance terminates some where .e°. it has a boundary 

or interface. There occurs the disturbance ` in the transmission 

of a wave at such an interface beeauae it requires always the 

presence of particles for its propagation!. The interface may 

cause reflection}. refraction or .comet:ine3 scattering. When 

another material. behind the boundary adheres to the first 

material, so that forces can be transmitted the wave can be 

transmitted, and also can be. propagated in it-, It is possible 

. that It encounters a more or less,  change in .direction,.. intensity 

and mode-. 

In a simple case;, it may be considered that on a plane 

and smooth boundary-, a plane wave strikes perpendicular to the. 

surface-, It is assumed that for the symmetry, the. plane waves 

now propagate at right angles from the boundary viz .• a reflected 

wave, which opposes the incident wave and a transmitted 'wave. 

The simple expressions for sound.:  pressure are visualised 

as' 
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Z.1 j 1 c 1 
Incident wave 
Sound pressure pe. 
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material 2 

2 - P2 c2 

Transmitted wave 

sound pressure pa 

Reflected wave 

sound pressure pr 

• Px 	 2-21 
• - ' - _ R = °----~---- 

p 	z2+z1 

Pd 	2Z2 
and 	D 	
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where Z.l and Z2 are acoustic impedances of the materials 

and R and .D are the coefficients of reflection and transmission, 

respectively'. 

In ultrasonics-, amplitude (intensity) ratios are 

measured. in d'QoIbels (dB). For amplitude of acoustic pressure 

p(intensity J); the following definitions applies: 

p 
Ratio in decibels = 20 log °-1 dB 

12 

• 10 log 	dB 
2 

Thu formulae for R and D coefficients are also valid for 
transverse waves -. Since the velocity of sound in liquids and 
gases is zero for transverse waves, a transverse wave gets 
completely3^efl.oa~ i (coefficient of reflection =1) in solid 
material 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 interfaces-, 

In addition to the interface between two materials of 

large dimensions, the double interface as in the case of 

plate and gap. is of interest for the testing of materials e.g. 

for the transmission of sound through a craok in a solid body. 

The wave pausing through material I gets splitted into a 

transmitted and reflected wave while striking the material 2. 

After passing through the plate, the transmitted ,wave again 

splits at the second interface and so forth. The result is a 

sequence of reflections in both directions inside the plate-. At 

each interface a sequence of waves leaves the plate;, These 

waves are superimposed and need .their sound "pressure to be 

determined [5). 

2.4 	ATTENUATION OF ULTRASONIC  WAVES 

In ideal materials, sound pressure is attenuated 

only by virtue of spreading of the wave .and thus faces no 

attenuation whatever path it follows. In such a case ,the 

sound pressure of spherical wave (or the sound beam . of .a probe 

in the far field) decreases only in inverse to the distance 

from the source.. 	 . 

Natural materials produce some other effects giving 

further weakening of the sound. These effects are caused by 

scattering and absorption.. Both of these can be determined by 

the concept of attenuation (some times, also  called e tinction). 
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Scattering of Ultrasonic waves is caused by non. 

homogeneity of materials. Crystal discontinuities, suoh as, 

grain boundaries, twin boundaries and minute non-metallic 

inclusions, lead to the deflection of small amount of 

ultrasonic energy from the main ultrasonic beam;Mode con.. 
version in mixed microstructure or anisotropic materials 

at crystalline boundaries occurs because of slight differences 

in acoustic velocity and acoustic impedances across the 

boundaries. 

The relation of crystalline size (mainly; grain 

size) to the ultrasonic wavelength has the key role in 

scattering °,' when grain size is less than 0;01 times the 

wavelength$almost no scattering is encountered. 

The second cause of attenuation viz `.absorption, is 

the result of conversion of mechanical energy into heat. During 

the sound wave propagation through the material, the elastic 

motion heats it during compression and makes to co-Qi while in 
rarefutj, As the conduction of heat is a very slow process 

as "compared to ultrasonic waves propagation,. thermal losses are 

incurred and consequently, reduce the energy of propagating wave. 

Apsorption effect can roughly, be approximated as a sort 

of braking effect of oscillations of the particles,. This clarifies 

the fact why a. rapid oscillation faces more energy loss than a 

slow oscillation-. The absorption usually increases as the frequency 

increases but at a rate much slower than the scattering. 
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However, in different ways,bbth 1Qsscg set limita- 

tions to the testing of materials. Weakening of transmitted 

energy or the echo from • both, the flaw and the back wall, 

is a result of pure absorption-. To counteract this effect1 

the transmitter voltage and the amplification can be increased. 

Since the lower frequencies cause lower absorption, this fact 

can also be exploited for this purpose: 

However, the scattering pronounces a much more 

unusuality as in the, echo method-, it not only reduces the 

height of the echo (from both, the flaw and the back wall) 

but also generates numerous echoes with different transit 
times',, These echoes# called as f  grass] some times confuse the 

true echoes -. 

It is evident that this disturbance cannot be overcome 

by stepping up the transmitter voltage or the amplification 

because the grass also increases, consequently. The only 

possible remedy is to apply lower frequencies, But it sets a 

natural and insuparable limit to the detcotabilitrof smaller 

flaws as a result of reduced beaming effect and increased 

pulse length [5.). 

2.5 . RADIATORS AND REFECTORS 

2.5.1 RADIATORS 

2.5.1.1 Flat Radiators 

This oscillator is in form of a plate and transmits 

longitudinal or transverse motions to the particle of a 
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contiguous material-. The transmission occurs over the 

entire surface and has the same phase and amplitude through-

out this. Such oscillators, being mounted in an extended, 

rigid wall and radiating into a liquid,produce a sound field 

similar to that behind a diapb u m (.a hole) of the same 

diameter as the oscillator in the wall. if struck by a 

plane wave (fig2.j►).The 	particle motion in the diaphragm is 

now the same as ghat immediately ih.front of the oscillator. 

2.5.11.2 Focussed Radiators 

The focussed radiators are used in order to increase 

the sound intensity .(power density). The increased sound 

intensity causes an internal increase in the amplitude of the 

sound pressure and improves the resolution in certain zones 

to be examined. 

The focussing is realized by means of curved radiators 

or also plane radiators with contact lenses. Spherical or 

cylindrical lenses are used according to the shape of the 

radiators'. i 

2.5•• 2 REFLECTORS 

A given flaw in a test object,e. g. a cavity in casting:, 

acts 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. 



23 

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-t  however, cdoes not 
identify the serko"usness of the defect in view of the utility of 

test object'.! 

The simplest form of reflector shape is of circular, 

disc type'. The echo generated by this can easily be characteri•. 

sed. when it is considered that a circular disc is placed on the 

axis of the radiator and at a large distance from it The 

diameter of the bean, being, much greater as compared . to disc 

size, illuminates the 	circular disc almost uniformly.. All the 
points of disc now become origin of .elementary waves which have 

• equal phase and amplitude. Consequently, the disc acts like a new 

piston oscillator (fig,. 2-.6)-. 

Natural flaws, in test specimens, differ widely from 

the artificially,Subt tc1flaws in circular disc form-. In 

general,, their boundary is not circular, their surface not flat, 

• nor smooth-  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 

difference in height of the surface irregularities are less 

than approximately one third of. the wavelength',' 



24 

An appropriate 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 

thus less scattering'. Conversely-, a shorter wavelength produces 

more scattered reflection when incidence is obli ue°. A broader 
band of transmitted pulse makes the reflected wave to cohtain 

greater information. Thus, very short pulses (shock waves) are 

of much importance. However, monochromatic pulses. having 

frequency variation over a wide band., can also be used. The 

echo amplitude from the feflector and large plane reflection 

face is recorded and compared. 

2-.6 	ACOUSTIC DEFINITIONS 

2.6 °.l ACOUSTIC IMPEDENCE 

The ultrasonic waves while travelling through one 

medium and impinging on the interface of a second mediurr 

observe a portion of their energy being reflected from the 

boundary and remaining part transmitted into the second medium'. 

The characteristic that determines the amount of reflections 

is the acoustic impedance 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 impedance 

(as between a metal and 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 process provides the 

information about the amc nts of energy reflected and trans-

mitted at impedence discontinuities . This, also aids in the 

selection of suitable materials for effective transfer of 

acoustic energy between components in ultrasonic inspection 

systems ; 

Acoustic impedence for a longitudinal wave (z),, in Kg-

per square meter -second, is defined as the product of the 

material density (.1) in Kg per _cubic meter and longitudinal 

wave velocity (v) in meters per second [1][10]. 

2-+6.2 AATGI►F O tNGIDENCE 

Only a right angle incidence (normal incidence) on 

an interface between two materials leads to the occurance of 

transmission and reflection at the interface without any change 

in bearn direction. The other angles of incidence cause the 

phenomenon of mode conversion ( a change in the nature of wave 

motion) and refraction ( a change in the direction of wave 

propagation)'. The entire beam or only a portion of the beam 

i.s affected by the phenomenon. The entire changes occuring at 

the interface depend on the angle of incidence. arid the velocity 

of the ultrasonic wave$ leaving the point of impingement on 

the interface, The waves propagating at a particular instance 

depend on the angle of incidence of the initial beam, the 



26 

velocities of the waveforms in the two materials and the 

ability of a waveform° to exist in a given material'. 

2.6.3 NEAR••FIELD AND FAR-FIELD 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 ling individual crystals, each vibrating in the .same direc.. 

tion but slightly out of phase with its neighbours. Each element 

in the mosaic acts like a point (Huygens') source -. The point 

source radiates a spherical wave outward from the plane of the 

transducer face -. 

As the distance from the transducer face * dt  increases-, 

• the series of acoustic.. pressure maximums and minimums become 
broader and more widely. spaced. When d becomes equal to N (with 

N denoting the length of near. field) the acoustic pressure 

reaches ̀  a final maximum and decreases with increasing distance. 

• (fig. 2.7). 

2.6-.4 ACOUSTIC RADIATION PRESSURE 

Acoustic radiation pressure is the net pressure exerted 

on 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 oscillations of fluid. The,  sound 

• power of a normal speaking voice is less than`one millionth 

of the electric power of 10OW light-. Intense sound waves,, of 

course", can exert. net forces of sufficient magnitude (propor.. 

tional` to the sound intensity) to counteract gravitation forces 

and thus levitate an object in air. 
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The application of acoustic radiation pressure lies 

in calibration of acoustic transmitters) deforming and breaking 

up of liquids to collect like objects. This also figures in the 

positioning of objects in a sound field, some times -i levitating 

the sample so that independent examination of objects properties 

can be worked out [10), 

2.6...5 ACOUSTIC INTENSITY 

Acoustic intensity is defined as the average rate of 

flow of energy through a unit area 	normal to the direction of 

wave propagation 	as a. result of sound pressure acting on that 

area-. The t nits for 'acoustic. intensity are watts per square 

centimeter or decibels. The energy at any instant consists of. 

kinetic and potential both. The velocity given to the particles 

of the medium exerts the kinetic energy. 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 

intensity and the area through which the acoustic energy flaws,. 

This is related to the power input to the transducer.. It is 

a very useful quantity to find out the transducer efficiency [Y]'. 

2.7 	ULTRASONIC GENERATION  AND DETECTION 

The ultrasonic transducers (performing both generation 

and detection) are the devices which convert electrical energy 



into ultrasonic energy and vise vers ahile the detection 

process is called the direct phenomenon, 1e, generation is 

termed as reverse.,, Frequency is -tI -main factor to the selec-. 

tivity of transducer best suited to any particular applica-

tion [5]•. Piezoelectric effect is predominantly, used for 

generation and detection of ...ultrasonic waves=. In order to 

understand their characteristics and applications, -a considera-

ble information is produced in the present section'. Besides 

piezoelectric, also, other physical effects can be utilized for 

generating and receiving ultrasound. Although, not capable to 

produce comparable signals to the piezoelectric effect, these 

effects offer a nunber of advantages and for the , same reasons 

are applied for the testing of materials. in some special. cases-. 

In many of these effects, the transmission o.f energy occurs by 
electrical or magnetic fields'. In such cases, the mechanical 

contact with the test becomes irrelevant. The conversion into 

or from acoustic energy is incurred in the surface of. the work 

piece under concern'. Surface of the work piece itself forms a 

part of acoustic transducer in the case of direct method,. The 

direct . or dry methods#  thus, require no coupling medium . and so 

avoid 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 

be 'briefly discussed in the following' sections: 
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2.7.1.1 Piezoelectric Phenomenon 

It is the property of the piezoelectric materials 

that if deformed by external mechanical pressure electric 

charges are generated on its surface. Curie Brothers were 

first to discover this phenomenon in 1880. The reverse 

phenomenon was discovered soon afterwards (1881)'. 

In reverse effect, such a material changes its form 

if an electric potential is applied placing it between two 

electrodes-. The former is known as direct piezoelectric 

effect while the later being termed as inverse piezoelectric 

effect,. The first is now used for measurement leaving the 

second for producing mechanical pressures-, deformations and 

oscillations.. 

The piezoelectric effect is a property of the crystal 

structure and is linked to an. asymmetry in it, which can be 

characterised by presence of one or several polar axes. The 

each direction of crystal axes differes from the other opposite 

direction. Thus',a changed state is observed when the front and 

back ends of such an axis are interchanged-. 

The piezoelectric effect is best analysed by using 

plates cut from the crystal at right angles to an X..ax.s'. 

In this so called X►.cut, the z-axis and one 	..'- 

y-axis are located in the plane of the plate as shown in 
Fig. 2'.. 
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Application o an alternating voltage induces the 

alternating pressure and radiates a longitudinal wave. The 

form of the wave depen .s on frequency and dimensions of 

the plate an also or the properties of the medium surroun-

ding its. 

,Occasionally$  the y.-cut elongation is also used 

for +adiating longitudinal wares from the narrow X..Z face'. 

Bare this has a particular application for exciting low 

frequencies because the .correlated natural frequency is very 

`much lower than that of the thickness oscillation. 

In the case of an 3t-.hut quartz crystal, the transverse 

waves cannot be transmitted in the X-direction in liquids, nor 

in solid bodiesT..ZLf coupled to them by a liquid layer'. The 

longitudinal waves are the n&j-  .itrnn :-to:._be: rcdiatect-  by the 

crystal in such a case. 

2.7',1'.2 Piezoelectric Transducer Assemblies 

Fig. 2.10 shows the structure of the piezoelectric 

crystal'. It is mounted in a holder and is backed upto the left 

rear by some material of acoustic impedance Z.:b, such as 

tclito : or air. It radiates useful _energy to the right 

front into the load (load may be water, steel, oil etc.) of 

acoustic impedance, Zl,,.' The crystal has its own characteristic 

impedance, Zt 

In a normal way, the testing transducer should be 

matched as perfectly as possible (accomodating all compromises) 

from both rear and front sides'. The backing material should 
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have a high absorbing coefficient for ultrasound to 

prevent any amount of reflection back to the crystal Eu I. 

Match 	and Dam ink_ Lavers 

I 
It is desired that the transmitting transducer 

should have maximum efficiency to generate and deliver 

energy into the material, under examination-. The testing 

transducer desirably, should have a feature that energy'. 

incident at the rear interface and passing through the. 

backing lay-art  is absorbed in the backing layer itself. This 

feature thus employed, provides maximum damping, fast rise 

and fa1 times of the mechanical crystal vibrations and 
short pulse length of , the wave packet. All these factors 
lead to the accurate and reliable testing and measurement 

procedures. 	. 

The testing transducer assembly is shown in Fig. 

2-.11°. The piezoelement is of ceramic material ,,such as,BaTiO3'. 

• It is faced with a layer of amorphous quartz or sapphire to 

absorb water'. The backing is provided by the multiple alter-

nate A 'layers (where h is the wavelength of the natural 

frequency of the crystal) of fibre glass and tungsten filled 

rubber. This ensures an approximate impedance match. to the 

crystal and also absorption of the energy directed towards 

back from the vibrating element. The transducer so manufactured 

is heavily damped and of broadband with fast rise and fall 

time of the acoustic oscillations!. 
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Transition Lavers 

Transition layers are the material layers sandwiched 

between the vibrating surface of piezoelectric crystal and 
its load,. This calls for the provision of maximum power 

transfer in one or both directions or maximum damping: In 

practice s, they are employed in three forms as follows; 

1'. 	A thin plate or membrane whose thickness is small 

as compared to a sonic wavelength'. 

2,.- 	A half wave-length plate-. 

3. 	A Quarter wavelength plate (acting as an impedence 

Phenol ftrmaldihyde loaded with 30 percent of Powdered 

permall oy i is one of the materials used for transition layers ,. 

Backing Lavers 

In concern to backing layers, testing transducers-. 

designed for accurate rate pulse- work produce a very 

interesting feature. At a first instance the transition layers are 

employed to transmit and receive maximum power into and from the 

load • to achieve maximum sensitivity,. Now maximum power trans. 

fer needs maximum damping of the crystal at the back to have 

a minimum ringing of the crystal when the electrical pulse .  

packet gets off. The ideal backing layer should be' perfectly 

absorbing rigid wal which clamps the back face of the pi ezo.. 

electric slab. A pulse packet with first acoustic pulse having 
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ineximum amplitude can be generated only when the back 

face is fixed. 

Kossoff used tungsten pow cp in Araldite backing 

material by adding 100-200 g of tungsten powder to.40 ml 

of Araldite and centrifuging the mixture'. Dr. J.V-.H.yrou- ' 

kramer has suggested another backing material i.e. rubber 

with as much powdered tungsten milled into it; as possible -. 

The acoustic impedance of this backing material is controlled 

by the degree of vulcanisation of the rubber-. 

The oscillograms of pulses, generated by the applica-

tion of a fast electrical transient ( of the order of micro- 

second rise time) at 2 -.5 MHz are shown in Fig. 2.13'. This 

figure illustrates the damping levels, 'also [12]7, 

Generators Lncor oratinDirect, Radiating J?lane Transducers. 
Ge ne r.tr....~.......s 	 .., 	 a 

In a practical aspect, the fig. 2,12 shows the typical 

arrangements. An epoxy resin adhesive (Araldite) used for 

assembly provides excellent bonds between metals, ceramics and 

some plastics. 

Ceramics, like lead zirconate titanate, are the piezo-

material used. A low impedence backing is provided by the air-. 

In such a way, the entire energy is made available for transmi.. 

ssion into the 'load. 

The simplest system is seen in Fig'. 2.12a 4 here, the 

front electrode lies between the transducer and the load. The 

chance of going it wrong is very low but the assembly is rather 

delic ate. 
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A more robust arrangement is shown in Fig. 2~.12b. 
The transducer in the scheme is protected against the load 

by a plate (usually of metal) of n/2 thickness'. In the case 
difficulty lies in uncertainty of a continuous bond between 
the transducer and the plate. The contained air greatly 

reduces the transmission into the load and leads to the 
problem; just mentioned. 

In practice, the characteristic impedance of the 
transducer is very different from that of the load but this 
does not give rise to problems in continuous wave application. 

The arrangements shown in Fig-. 2.12c, is applied for 
moderately short pulse work-. This has the advantage that the 
characteristic impedence of the transducer is matched to that 
of the load by means of a quarter wavelength layer°. The precise 
requirement in perfect bonding and .high absorption coefficients 
is its undesirable limitation [11]•. 

2.7.1•.3 Piezoelectric Materials '  

Among so many materials with piezoelectric proper-
ties, mainly; lead zirconate titanate (PZT)°,• barium titanate 
(BaTiO3),lead metaniobate (Pb Nb2 06), lithium sulphate (LiSO4)-, 
quartz (Si02) and lithium niobate(Li Nb03) are used for the 
nondestructive testing of materials. In some specific 
applications-, seignettei s salt or rochelle salt (sodium 
potassium tartrate, abbrebiated KNT crystals )-, potassium 
dihydrogen phosphate (KD]?), ammonium dihydrogen phosphate ((gip;), 
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dipotassium tartrate (DKT), e: l yrline:di.ar eno to trate 
(EDT) as well as turmaline, is preferred. 

Quartz, the oldest piezoelectric material is pellucid 

and quite hard. Only a few substances react to it, chemically. 

The plates which may be dull to clear, depending on the 

polishing, are cut from natural crystals. 

All the other piezoelectric materials are mechanically 

less resistant. Lithium sulphate (more accurately lithium 

sulphate Yrydrate: LSH) is the most critical. The water of. 

crystallasation is removed from it when heated upto 1500C. 

At this s tate, it decomposes into powdery lithium sulphate and 

water. The crystals are made artificially from the solution,. 

Lith :•. S ob-ate has the highest curie point and is 

particula. y used for measurements at high temperature. 

Barium `itanate,and lead metaniobate as well as _a number of 

materials on lead-zirconate titanate base (PZT), which resemble 

barium titanate are used as sintered ceramic materials as it 

is not possible to produce larger single crystals from them. 

Unlike quartz, lithium sulphate and the other natural crystals, 

the cersmic crystals are given piezoelectric properties by 

polarisation. For this purpose,a direct voltage of a few thou.. 

sand volts per centimeter thickness is applied to the substance 

while heating it to a temperature, which is characteristic for 

each material viz the curie temperature, whereupon the material 

is allowed to a3. off keeping the voltage still applied. 
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The crystals previously oriented randomly now become 

aligned along one axis and are frozen'. The material 

remains to be a piezoelectric provided it is not reheated 

close to the curie temperature. However, its constants 

may decrease slightly due to ageing-. The repolarization: 

of the material can be carried out as and when required-. 

The PZT ceramics have still better electromechanical 

coupling upto 70 '•j. and higher curie temperature than 

barium titanate (upto 3500C). 

2.7.2 MECHANICAL EE'FECTS 

The direct mechanical' generation of sound ,althoug1 

not contactiess, requires no coupling liquid'. Sound-, in a 

body, is produced by mechanical shock or friction, The pheno.. 

menon, well known in the audible range, has the wide spectrum 

in megahertz range,. The spectrum depends on the shape, size 

and material of the objects composed to the shock-, All y' of 

waves are generated by this method. These waves mostly have 

the frequency range around 100 KHz to .1 MHz'. This is the reason 

why the method is used for testing concrete cast-iron and 

similar materials-. Electromechanical hammers are used while 

testing the concrete structure 

For reception, the effect of sound pressure in liquids 

is Utilized'. A receiver, which uses this principle and has 

found some application', is the Pohlman cell.; However, compared 
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with the conventional probes it requires considerable 

sound pressures and a finite adjusting time-. 

2.7.3 THERMAL EFFECTS 

Thermal expansion of the material produces mecha-

nical stresses when heated suddenly ( head shock). The stress 

initiates sound waves. If the heating is of very short 

durhtion (lasting approximately 10 ns), very high frequencies 

and shock waves can be produced. The main requirement is that 

the thickness of the heated layer should be small as compared 

to the wavelength of the Sound. Here, also, all kinds of 

sound waves are generated-. 

The required energy is beamed into the surface of the 

concerned object. This is understood in two ways: 

() 	By electromagnetic waves (microwaves .infrared and 

visible light) as shown in fig. 2-.14. 

(ii) By corpuscular radiation (electron beams) 

The conversion into heat is affected via several 

stages which differ in the case of wave and corpuscular 

radiation•. For sudden heating,lasers solve the purpose. 

successfully since they have the property to be pumped . and 

releasing their energy by means of a QR switch (Q..switch). 

All thermal effects due to their slow reaction 

are unsuitable for receiving pulses. However, at higher 

sound energies in continuous operation h a_tt;ri e 1.a.qua.d 
crystals react to heating by sound with a colour change. 



2;71.4 ELECTROSTATIC METHODS 

The plates of the charged capacitor (fig-. 2.15) 
attract each other by the force F determined by 

Cr S.U2 
P= -~- 

d 
(crt relative dielectric constant, Si surface of 
plate, U= applied voltage and d's distance bettareen 
plates). 

The force of attraction is independent on the design 
of the applied voltage'. Consequently, a sound of double 
frequency is generated when an alternating voltage is 
applied'. To avoid the doubling of frequency-, a direct 
voltage U > UN is applied in addition to the voltage 
applied to the plates-. Since the electrostatic forces., in 
the case of metals. act at right angles to the surface, 
preferably ,the longitudinal waves are generated. 

Electrostatic forces, utilized for direct sound 

generation at frequencies from 10 MHz to 200 MHz, produce 
relatively small sound amplitude. The voltage . ,fan be stepped 
only upto the disruptive electric field strength for having a. 
greater force, varying according to the square of the voltage-. 
The amplitude is not much sufficient to be utilised for 

pulse-echo operation but at best is suited for resonance 
operations. 
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2.7.5 E ECTRODYNAMIC METHODS 

These methods, also known as magnetoinductive methods, 

are based on the Lorentz force. The force, F acts on a charge 

e when it moves in a magnetic induction field B a# a velocity 

v°. The following expressions is applied. 

F'i N e.v X B 

A coil, carrying the alternating current ( i) is 

kept on an electrically conducting body which encounters an 

induced eddy current of density g( determined by e.v ) in the 

small unit volume dV. 

Now the force, F N g X B acts on the volume dV. All 

the three vectors F, g and B-  ,here, are perpendicular to each 

other. The current density g opposes the flow of current i•in the 

coil. A particular direction of the direct field produces longi-

tudinal or transverse waves-. 

If B directs parallel to the surface and F acts per 

pendicular to the Surface ,the resulting waves are longitudinal 

(fig-. 2,.16a)'. In case-, F acts parallel to the surface and B is 

at right angles to it, transverse waves are produced (fig. 2°.16b). 

For reception, a superimposed magnetic field is an 

indispensable requirement. The arrangement resembles the 

transmitting mode. Like piezoelectric probes, these are also 

designed to act as a 1 in probe for trammitting and receiving 

ultrasonic waves. 



• If the unit volume dV moves in response to a force F 

in the magnetic field B-, an eddy current of density g flows 

inducing a voltage in the coil properly positioned-. As similar 

to the transmission the direction of the magnetic field deter:• 

mines the reception of logitudinal or transverse waves. 

2.7.6 MAGNETOSTRICTIVE METHODS (fig. 2.17): 

Almost, oll the ferromagnetic materials possess the 

property . to be deformed when placed into . a .magnetic field-. 

The phenomenon is called magneto.,St ction°. 

Linear or volumetric magnetostriction occurs depending 

whether the volume is constant or varying when under deforma.- 

tion. Linear magnetos triction is much stronger than the vo1u•- 

metric magnetostriction'.' This attains a s&turation value at 

magnetic saturation of the material. Linear magnetostriction 

is observed only below the curie temperature while the volu•-

metric magnetostriction occurs above this temperature. 

In the case of linear magnetostriction, the deformation 

occurs mainly$ in the direction of the field•. The linear 

magnetostruction is dependent on the magnetostrictive constants,. 

These constants , however, are the function of the temperature, 

the magnetic state and the previous treatment of the concerned 

material o The magnetostriction is called as positive or 

negative depending on the expansion or contraction .during 

magnetostrictiorr. For instance, nickal has a negative magno-

tostrictj,on while the cobalt,the positive'. 
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The sound waves in magnetostrictive material AO 
reoeived:-due to rnagnetoa&astic effect since the elastic 
tensions (sound) influence the magnetic properties-. The 

elastic tensions change the density .of the magnetic flux • 

in the presence of a magnetic field. The change in the density 
of magnetic flux induces a voltage in a coil, placed on the 

surface of the material under test. It is-, therefore, 
necessary to premagnetise the material by means of an external 
field-. It requires also to shift the working point to the most 
favourable ( steepest) part of the magnetostriction curve. 
The effect obtained is restricted to the surface due to skin 
effect. It is, alsoymust that the direction of the magnetic 

field coincides with the direction of elastic tensions 

produced by the sound . 

A stray flux appears at the point of crack if the 

body is magnetised'; at right angles to the crack. This shows 
that the lines of force are densest at the crack on the surface'. 
The stray flux around the cracks gets modulated when sound 
passes through the body'.- The modulation results via magneto.. 
elastic effect at the same frequency as the ultrasounct~..This 
modulated stray flux is picked up by the induction coil. 

2.7;.7 OPTICAL METHODS. 

This is related to the impact of sound on the light 

waves:. For the same reason, these methods are applied only 
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for reception .4 Methods have been developed to evaluate 

the spatial distribution of sound field and making it 

visjble The subsequent electronic processing requires 

that the effects are all converted into amplitude modus 

lation of the light 4 The photo-electric cell is used to 

pick up the signals thus generated-. 
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CHAPTER - 3 • 

REALTIME ULTRASONIC IMAGING SYSTEMS (PART..T) 

The real time ultrasonic imaging systems, employed 

in NDT, can be distinctly classified under two catego Ties: 

1. F] w Detection Instruments 

2. Wall Thickness Gauging l.nstruments'. 

There are different methods for flaw detection as 

well as for wall thickness gauging!..A brief introduction is 

described in the following sections. 

3.1 	FLAW  DETECTION INSTRUMENIB 

These are studied under two categories. 

3.1.1 INTENSITY METHOD 

Intensity method is the oldest application of 

ultrasonic waves, used for nondestructive testing-. In this 

method;, the intensity of ultrasound is measured after it 

has passed through the test piece,. It was introduced by 

Sokolov and Mulhauser in .1930°. The Fig'. 3'.1 shows the 

principle of this method-. The scheme portrayes the inten-

sity method .by presenting the sound propagation through two 

test plates.. One of these . two plates has a flaw while the 

other is a flawless plate°. 
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The transmitting probe gets excited to ultrasonic 

oscillations by a- voltage produced by high frequency gene.. 

ratori. These oscillations are propagated in to the coupled 

test piece: 

• A seoond,aociauy 	positioned probe receives 

only a portion of the radiated wave. This further goes to 

an amplifier of high frequency. The input to the amplifier, 

which is a high frequency=-voltage . signal-, is proporti anal to 

the sound pressure at the contact point of the receiving 

probe. An indicating type of instrument gives the indication 

of the amplified voltage'. At a flawed point the propagation of 

ultrasonic wave is obstructed by the 	discontinuity in the 

material'. consequently, a reduced sound pressure is attained 

by the receiver and the measuring instrument shows a lower 

reading accordingly. 

The intensity method can be applied in practice to 

fo uu different testing techniques viz (i) sound transmission ['7] 

(ii) reflection (Fig'. 3.2 ), (iii) conduction and (iv) image 
projection. 

5 

3.1,.2 PULSE-ECHO METHOD 

The correct name for pulse- echo method is pulse - 

trans' .t-time method. Since World War I, it figures in the 

application for locating objects under water. The practical 

realisation of the method was carried in by Paul Langevin in 
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locating ships; submarines, in particular. During the pcao. 

period afterword, the method was applied in the form of 

Behm's depth sounder for measuring depths at sea. But in 

the non-destructive tes ting, it made appearance only during 

the World War II 

The importance of pulse-echo method for N DT WG 

recognised by Firestone in 1940, particularly in the location 

of the flaws. Although,the pulse-transit-time method utilisos 

the sound transmission also but the reflection method (fig.3'.3) 

has got a much more considerable importance and consequently, gave 

the entire method its. own name viz'. pulse-echo method-. In the 

case of sound transmission, the transit time of the pulse 

furnishes no additional information concerning any flaws. 

However, use of pulses prevents from undesirable waves distur.. 

bing the simple intensity method. 

The Fig. 3.4 shows the screen pictures of flaws for 

different locations and orientations'. 

3.2 	WALL THICKNESS GAUGING INSTRUMENTS 

Wall thickness gauging is the application nLme of 

the transit-time method instruments. The instruments based 

on this method are studied under two categories due to the 

two different application parameters. The following subsections 

deal with these methods. 



46 

3.2,.1 TRANSIT TIME METHODS WITH CONTINUOUS SOUND PULSES 

The othername , for the method is Resonance method. 

It is, probably, the oldest of all non-destructive testing 

methods*  It uses the audible sound and is an established 

old scheme to detect the presence of a crack in a ceramic 

vessel-, by its ringing note 

The first thickness tester applying the resonance 

method was built in 1947 by the Erwin and Rasswellar, General 

motors U' S-,A,[5]. The instrument called %Sonigage' functions 

according to the basic diagram shown in Fig. 37.5. A motor 

drives the rotary capacitor at a high speed. i As a result, 

high frequency is generated varying its frequency at the 

ratio 1' 2 e.g. between 0.75 to 1.5 MHz. At resonance points, 

the plate current increases and is visioned on the screen 

of an oscilloscope after processed through an amplifier-. 

In the method-, a given flaw can produce an appreciable 

effect only if its dimensions are not too small as compared 

to those of the test specimen. The resonance pattern is incapable 

to provide position' and size of the flaw!. For these both 

reasons, the resonance method finds limited application for 

flaw detection'. However, it is used for thickness measurements 

and related test problems 1111, 

The problems mentioned above arise due to the fact 

that plate under measurement no longer oscillates, undisturbed 

when touched by the probe. The closer the coupling of the 
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probe, the more shift occurs in the resonance frequency 

towards lower frequencies-. This short coming and the recent 

development in the pulse techniques has out Classed the reso.. 

nance instruments in comparision to the pulse instruments.. 

3.2,.2 TRANSIT TIME METHOD USING PULSES 

3.2.2,.1 Comparative Method 

In the comparative method, the unknown transit 

time is compared with an accurately known but variable 

transit time for the same ultrasonic pulse-. 

As indicated in the fig. 3-.6, a second probe having 

a variable delay line is connected parallel to the delay 

line under measurement,. The delay line, here-, consists of a 

container field with liquid and a reflecting plate. The 

reflecting plate can be shifted by means of a micrometer. 

The system is known as Interferometer since the shift is very 

accurately observed by interference of two echoes on the image 

screen,. 

The accuracy increases with the frequency increase. 

However, this gives the disadvantage that the attenuation and 

the distortion of the pulse in the test piece also increase 

accordingly. However in the case of echo sequence- being uniform 

upto the high multiple echoes, the effect remains at a moderate 

leve 1, 



3.2.2:,2 Frequency Measuring Method 

This is comprised of the two methods; 

The first method utilises the sequence of multiple 

echoes. The transit time is measured via a frequency, equal 

to echo repetition frequency. The oscillation time of this 

frequency viz. its reciprocal value is the desired transit 

time.; 
The Fig. 3.7 shows the basic circuit for practical 

application.! The tunable oscillator circuit,, here is connected 
to the output of the video amplifier,. where leads to the measuOK 
ring s plates of the CR tube are also connected,. The circuit is 
tuned to the echo repetition frequency, eery echo ..-. in . the .. 
sequence, causes the inphase triggering of the oscillation 
circuit,, sequencially,« The resonance maximum can be seen directly 
on the image screen,; For a given material-, the scale of the 
rotary capacitor can be calibrated directly in transit time or 
in wall thickness; 

The second method, for measuring the transit time, is 
the sing around method (fig. 3~.8) • This was proposed and used 
in 1941 by Biedermann as the first ultrasonic pulse method. In 
the method, i the returning echo of .a pulse triggers the next. pulse 
and :so forth. AS:. a result,, the echo repetition frequency becomes 
equal to the pulse repetition frequency. This echo repetition 
frequency now can be measured with a frequency meter at a very 
high accuracy as . permitted by the instrument,„! The transit time. 
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is the.-reproca. value.. of the repetition frequency,. The 

net1,ever presents apparently very e,ccurate absolute 

vu  es 

3.2.2•,3 Electronic Transit Time Measurements 

The electronic transit time measurement of ultrasonic 

echoes is the basis of the most commonly used methods for wall 

thickness measurement-.,  The determination of wall thickness 

based on the transit time assumes the sound velocity to remain the 

same through out the entire thickness i.e. an isotropic material:. 

In addition$  the path, of the sound is also presupposed to be at 

right angles to the surface of, the test specimens. With the 

normal probes and isotropic materials, above two conditions are 

easily satisfied but for TR probes : it applies only when the • 

thickness is not too small. 

In the method,• transmitting pulse leaving the transducer 

at the probe stages through a delay line and coupling lases,. 
Afterward it gets Opl .tted into entrance echoes and enters the 
wall,. The backwall reflects the sound pulse, which now : onwards 
passes through the wall thickness in opposite direction,, When 

it reaches at the front of the wall, . the part . of it leaves the 

wall and is . received by the probe as the first wall echo.. The 

remaining. part is reflected and propagates through the wall • 

a second time until the second backwall is reached etc=. 
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3.2.2,14 Phase Measuring Method 

The phase method uses continuous. waves of constant 

frequency. For the measurement of transit time,:: the phase 

of the echo wave is compared with the phase of the emitted 

wave'. If the transit time interval between front and back 

interfaces of a given plate is less than one wavelength, it is 

measured on the basis of phase difference between 0 and 2n, by 

which the receiving voltage is delayed. 

For this purpose,, very low frequencies can also be used. 

without any difficulty. That is why this method has particular 

suitability for measuring thickness or acoustic velocities 

of strongly absorbing materials, such as_ rubber and plastics-. 

Since the multiple echoes resist the measurement, the method 

has limited application to strongly absorbing materials only. 

3.3 	METHODS AND INSTRUMENTATION, FOR DOCUMTTATION  

Suitable documentation of test results is desirable 

on the requirement of particular application. Under the pulse 

echo method', three types of instrumentation schemes for data 

presentation are:  widely employed. These schemes: are briefly 

mentioned as follows. 

3.3.1 ,: A ,S CAM (AMPLITUDE .... SCAN) 

This is the single axis presentation and provides 

information relating to distance and number of reflectors or 

interfaces 	 \r\  i 	\, S 
(enti Llbrdru Universitu of koor ee 
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3.3.1.1 Block Diagram and Working 

In the scheme (fig. 3.9) ,the transducer is kept 

in direct contactwiththe solid material under test: The 

contact between the transducer and sample is made with the 

use of grease or a thin layer of rubber. 

Suppose, now the acoustic transducer is excited by a 

short electrical pulse-:, 1e correctly designed transducer 

then emits an acoustic pulse of length tip, determined by 

its bandwidth (tip  q i f  , where of is the bandwidth of the 

transducer)-. The acoustic impedance discontinuities caused 

by the presence of flaws . reflect the acoustic. pulses, pas-

sing through the object. ' The same transducer (in case, acting as 

transmitter and receiver both) receives the return echo signals 

and converts them into electrical signal. This electrical 

signal is amplified and displayed .  as a function of time on 

oscillos cope. 

51 

3.3.1.1 Block Diagram and Working 

In the scheme (fig. 3.9) ,the transducer is kept 

in direct contactwiththe solid material under test: The 

contact between the transducer and sample is made with the 

use of grease or a thin layer of rubber. 

Suppose, now the acoustic transducer is excited by a 

short electrical pulse-:, 1e correctly designed transducer 

then emits an acoustic pulse of length tip, determined by 

its bandwidth (tip  q i f  , where of is the bandwidth of the 

transducer)-. The acoustic impedance discontinuities caused 

by the presence of flaws . reflect the acoustic. pulses, pas-

sing through the object. ' The same transducer (in case, acting as 

transmitter and receiver both) receives the return echo signals 

and converts them into electrical signal. This electrical 

signal is amplified and displayed .  as a function of time on 

oscillos cope. 

The time delay of the echo is T = 2z `, where Z is 

the distance of the flaw from the surface and vw  is the 

acoustic velocity in the material under examination-. The 

distance of the flaw from the surface can be determined by 

the time delay of the observed pulse on the oscilloscope 

screen. The amplitude of the return echo, also, gives the 

rough idea about the size of the flaw -. 

The schematic presentation of the system is shown 

in Fig-. 3.10. 	 4 
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3,31+2 Comments and Applications 

By locating flaw approximately at the boundary of 

the near and far field of the transducer, the best result 

from the system can be achieved; The approximate location 

of the flaw is selected. by the suitable transducer diameter. 

Application of A - scan display is not only limited 

to the detection and characterisation of flaws but it can 

also be applied for measuring thicknessp sound velocities 

in materials of known thickness and attenuation oharacteris-

tics of the specific materials. Beam instruments are usually 

adequate for these purposes. These instruments are also 

suitable for detecting small cracks, porosity and small 

inclusion of foreign material within its resolution limit 

and inspection technique. 

Besides conventional pulse- echo inspection with 

single probe•,- A -Scan display can also be used with transmi-. 

ssion or reflection techniques that involve separate vending 

and receiving transducers. 

3.3.2 B.SCAN (BRIGH1NESSSCAN)  

B»scan display is a plot of time versus distance in 

which one orthogonal axis on the display corresponds to 

elapsed time while the other axis represents the position of 

the transducer along a line on the surface of the test piece 

relative to the position of the transducer at the start of 

the inspection. 
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3.3-.2.1 Block Diagi ar. and Working 

Unlike, in A-scan inspection, in B-scan, echo 

intensity is indicated semi-quantitatively by the relative 

brightness of the echo spots on an oscilloscope screen. A 

B-scan display can be assumed to be an imaginary cross section 

through the test piece, where both front and back surfaces 

are considered in a plane. The informations from reflecting 

assumed surfaces within the test piece are also assumed in 

the same plane. The position, _ orientation and depth of such 

interfaces along the imaginary cutting plane are also revealed 

accordingly. 

The generation and detection of the flaw location 

and its size is done in the same fashion as in the case of 

A-scan. The processing and transmitting parts remain also 

most similar but differ in their required characteristics as 

and when,. The difference, as have been earlier noted, lies 

in the conversion of echo intensity into brightness and 

extension of the transducer movement in one direction 
perpendicular to the direction of wave propagation. 

The basic block..diagram, for one dimensional Bscan 

is shown in Fig. 3.-U. Its working can easily be understood 

with the, block diagram. 

3.3.2°.2 Comments and Applications 

In this case, flaw length in the direction of 

transducer movement, is recorded but the width (in a direction 
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mutually perpendicular to the sound bean and the direction 

of transducer movement) is not recorded except as the width 

affects echo intensity and thus,echo image brightness', 

BecQuQe the vroLiW bejs slightly conical rather than 

being truely cylindricals the flaws near the back surface'  

of the test piece appear longer than those near the front'  

surface', 

The chief importance of B-scan display lies in their. 

capability to reveal the distribution of flaws in a cross.. 

sectional plane. Although, B.-scan technique, finds its appli... 

cation m.ainiyf in medical field in industrial counterpart, 

it can be used for rapid screening of parts and for selection 

of certain parts or portions ,of certainParts-  Producing rre 

tborough  . 	inspection 	as compared to .soan .tehniques. 

,Small transducers and high frequencies provide the ,optimum- 

results, in case oiB..scan techniques'. 

333 C.-SCAN 

0-scan records echoes from internal portion 	- th  

test -piece's as a funtion of the position of each reflecting 

interface within 	area'... in the ead * ,fiaws are super._ 

imposed on a plane view of the test p1 ece. The both, f3aw size 

(flaw area) and position within the plane view, are recorded. 

Flaw depth  is norn&Lly not recorded., although, it may be 

measured .semiquantitativeiy, by restricting the range of the 

depth within the test piece that is under Csoan coverage. 
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3.3.3.l Block Diagram and Working 

In a basic C-scan system, shown schemalically in 
Fig. 3.12',1 the search unit (Transducer) is moved over the 

surface of the test piece in a search pattern. The search 

pattern may be of any forms, for instance-, aeries 	of 

closely spaced parallel lines, a zigwzag pattern or a 

spiral pattern (polar scan). Mechanical linkage connects 

the search. unit to Xk..axis and Y..axis indicators'.; 

The position indicaters feed the position data 

to the x►•y plotter or a similar display device'. Echo 

recording systems may be of varying nature.. Some produce a 

shaded-.line scan with echo-amplitude recorded as a variation 

in line shading while in the other systems-, absence . of 

shading follows up the flaw indication. In this case a black 

space shows the presence of a flaw. 

An electronic depth gate forms the other essential 

element in C.scan systems. It is an electronic circuit 

measuring the time of flight and permits the -echo signals 

within.  the limited range of delay times. The, delay time is 

the interval between the initial pulse to the receiver and 

the echo pulse received. i A proper setting of depth gate 

excludes the front and back both reflections from the dis.-

play.  i  Thus-, only echoes from within the test piece are 

recorded except for echoes from thin layers adjacent to 
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both surfaces of the test piece,.' When the depth gate is 

set for a narrow range of delay times, echo signals from 

a thin slice of the test piece,. parallel to the scanned 

surface_ only, are recorded and ' the signals from other 

portions are excluded from the display'..  

3.3,.3.2 Comments and Applications 

Cwsoan systems with automatic , units-; provide for 
marking', alarming or charting when they incorporate additional 
gating circuits. The gates can record or indicate informations, 
such as flaw depth or loss of back reflection' while the main 

.. display records at overall picture of flaw distribution. 

The advantage of the method is that good definition can 
be obtained and recorded. A high quality transmission image of 
the street metal and other objects is also observed'. 

3,.4 	A•;SCAN AND ITS INSTRUMENTATION SCHEME (THE SYSTEM, 

MOPED) 

3.44 BLOCK DIAGRAM AND WORKING 

Earlier (section 3~.3°.1) we have gone through the basin 
principle of A-scan on a theoretidal background,* The block 
diagram shown in fig.' 3.13 is based on the practical conside.. 
tati ons and presents the complete ions tri entati on scheme used 
at present'.! 
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The clock triggers the transmitter-, which generates 

an electrical pulse to excite the transducer. The transducer 

' emits stress waves of sufficient amplitude, to meet the require.. 

went. The output signal of the transducer is fed to the radio 

frequency amplifier °. The gain of this RF amplifier may be 

increased with time to counteract the increasing attenuation 

of the echoes from deeper structures. The swept gain circuits 

are triggered at the same instant when the ultrasonic pulse 

is transmitted. The ramp generated by the time base circuit 

deflects the trace at constant velocity appropriate to the 

penetration :i The output from the rf amplifier is demodulated. 

The dynamic range of the instrument thus,may be. limited by 

suppression of smaller echo signals, fed, to the video amplifier 

at its next stage. The output from this amplifier is connected 

to the y,.deflection plates of the cathode ray tube°.' The 

obtained display at CRO screen, in such a way, is known as 

A-scan'.: 

3•.4,.2 DESIGN CRITERIA 

The various elements of A-scan instrumentation are 

as below3~ 

1. Clock 

2', Transmitter 

3'.! Swept Gain Generator 

4•„+ Time Base Generator 

5i. RF Amplifier 



58 

6. Demodulator and Suppressor 

7To  Video amplifler- 

The design aspects.. based on their required charac. 

teristics-  are discussed as following: 

3.4.2°.1 	Cloc k 

The rate. generator or clock provides the trigger 

pulses which control the repetition frequency of the system. 

The particular application decides the frequency which may 

range from 25 to 3000 Hz,. The frequency stability of the 

clock is not of much importance since all the other timing 
circuits operate in synchronism with the trigger pulse which. 

it generates',' Astable multivibrator is mostly employed as 

rate generator. 

For the system developed-shere',IC 555 timer has been used 

in astable mode [13).! The frequency of it can be changed as and 

when required by varying the capacitance.or the resistances, 

being connected in particular configuration- shown in fig. 
3.14'. 

Intervals of the pulses are normally kept 60 times of 

the operating time to avoid the phantom echoes [5)', The 

operating time for the 555 is given as 

to 0+ 0.693 (Ra-+ Rb) C 

and 	tp  0,.693 RbC-. 
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where to  and tp. are the on (operating) and off times of 
the 	timer,  i The value of Ra is kept more than 1 K ohms 
while sum of Ra and Rb is in range of 1 K ohms to 20 M 
ohms °. 

Thus-,. with variables Ra, Rb and c, one can have 

varied frequency range, here, as stated above'.! 

3,.4_.2,.2 Transmitter 

The transmitter function is to drive the transducer 

in such a manner to produce controlled acoustic pulse shapes 

at a sufficient intensity level [14]. 

The length of the pulse-, generated by the ultrasonic 

transducer,: plays a key role in determining the resolution of 

flaw detection and thickness gauging systems'. The shorter the 

ultrasonic pulse length, the better is the resolving power. 

for closely spaced defects. The t grass', generated due to 

scattering from grain boundaries-, creates problems to distin. 

guiah the defect signals-. In case of A-scan display, short 

acoustic pulses,, however, make it possible to identify these 

defeat signals [i4]x,; 

At present, to shock excite the ultrasonic transducer, 

the circuits generate a step voltage across it. This is obtained 

by discharging a capacitor(previously charged to a few hundred 

volts) into the transducer capacitance,, To discharge the capa..v 

citor.,,  the thyristor or avalanche .transistors are used as the 

switching element. 
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The circuit as shown in Fig. 3.15, designed and 

developed " employes the .medium power transistor SL. 100 

as 'the switching element°. It is supplied with 50V at. the 

coUeetor through a resistance-. The fast leading edge of 

the pulse depends on the turn on characteristics of the 

transistor and the recovery of pulse depends upon the time 

constant RC-.; 

3..4.2°.3 Swept Gain Generator 

The attenuation of the ultrasonic waves and conse-

quently of the echoes increases with distance'. 1 Therefore, some 

compensation must be provided to acknowledge their presence'. 

Compensation for attenuation can be partially provided by the 

application of a swept gain. Swept gain is a method by which 

the gain of the receiver is increased with time,. As a result, 

the echoes from inner structures are amplified more than those 

which are produced nearer to the transducer and so arrive 

earlier in time. 

The maximum useful signal dynamic range after .swept 

gain compensation lies in the order of 30 dB'.. The limited 

dynamic range of the transducer puts a restriction to the above 

dynamic range, in case the very small echoes precedes Vary 

closely to the echoes of large  amplitude. 

The swept gain generator as shown in Fig'. i 3'.16 uses a 

FZT,, of which drain-to-source impedance varies-  in accordance 

with the negative voltage applied to its gate'. The voltage 
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signal-, .being fed to the gate, is achieved by an integrator 

circuital Its maximum value is determined by the time constant 

R. A bijunction transistcr provides the switching action. 

3,.4.2,,4 Time Base Generator 

This generates the sweep voltage for the CR tube at.  

the same frequency at which the transmitter transmits high 

frequency pulses to the probe. The duration of the, operating 

time ( during the, operating, time sweep voltage rises linearly 

and thus, shifts the electron beam from left to right) is 

determined by the testing range'. i The transmitter pulse and_ 

various return echoes in succession are required to be displayed 

in vertical plane on this horizontal sweep, The . time base 
should be capable of generating .sweet. ticio to cover the depth 

of material to be examined [12],.! 

The time base,here, is produced by an integrator 

circuit (fig 3.17)'.' Its maximum value is determined by the time 

constant RC and sometimes by the frequency of the pulse fed to 

the integrator. The switching action,here,again is achieved 

by a Bijunction transistor. 

3,.4;2,,5 Radio frequency Amplifier 

The range resolution of a pulse- echo system is 	_ 

determined by the total bandwidth and dynamic range of the, system 

while keeping all other factors equal. The bandwidth is 

limited by the performance of the transmitter-,i the transducer, 

the receiver and the display -. However, display is not the 
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limiting factor for bandwidth bat has importance in vela-. 

tion to dynamic range!. 

As the frequency response widens; the range resolu-

tion becomes better. ! However f signal-to-noise- ratio of 

the system depends upon the bandwidth [15]'. Thus-i a compromise 

between bandwidth and sensitivity is needed. For a satisfactory 

response-, the rf amplifier bandwidth is made equal to zero 

crossing frequency of the ultrasonic pulse and the passband 

is arranged to be centered on this frequency°.' 

radio.-frequency amplifier for ultrasonic 

pulse echo. applications-. needs to satisfy the following 

regzirements•.' 

F. 	adequate gain-bandwidth product at low noise 

ii'. 	selectable centre frequency if appropriate 

iii. low phase distortion 

• iv. 	appropriate amplitude response. 

v. 	quick recovery from over load 

• vi 	ability to withstand transmitter output and 

vii... provision of swept gain. 

When a multistage amplifier is used' with the use of 

a few (usually two) , syncronously tuned stages of modernte 

bandwidth amplifier, a wide frequency response can be obtained. 

The integrated circuits designed for radiofrequency applications 

meet the first three requirements-. The amplitude response of 
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the radiofroquency amplifier may be linear or it may 

have a signal compression characteristic to reduce the 

dynamic range. 

To become paralysed is an unwanted feature of 

the receiver. This causes a long transmission pulse and thus a 

lower resolution-. Paralysis is the phenomenon under which 
amplifier becomes insensitive to small signals until the 

biasing conditions, previously changed by overloading signal, 

return to the normalcy-. The paralysis effect can be minimised 

by making the capacitors (controlling the biasing) so large 

so that overloading signals can produce only small changes 

in the operating conditions. The other way is to make such 

arrangement that the gain of the system remains low at the 
time of occurance of the largest signal.., to the amplifier 

input. 

A limiting circuit, incorporated at or near . the input 

to the amplifier, reduces the problem of paralysis. In the 

system developed here, the peak input to the receiver is limited 

to 0.7V, which is the forward voltage of the reverse connected 

diodes (fig. 3.18). 

The requirement for swept gain depends upon so many 

factors-. There are two methods to obtain a swept gain. In the 

first method, the gains of the appropriate stages are controlled 

by the alternation of feedback or biasing conditions (The feedback 

resistance alteration is implemented in the present system Fig.3.16) 
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In the other method, the gain of each stage of the rf 

amplifier is kept constant and appropriate attenuation 

controlled electronically, is introduced at different 

points in the circuit. 

The operational amplifier LF 356 furnishes an 

usdful RF amplifier stage when considered with the compromise 

between its bandwidth and noise conditions'. 

3.4.2.6 Demodulator and Suppressor. 

The dynamic range of the output signals from the 

rf amplifier is in the range of 30 dB, 'or further amplifica.- 

tion and processing these signals are needed to be demodulated. 

Demodulation in the ultrasonic systems is usually carried 
ti  

out by means of a suitable diode network as shown in Fig. 3.19. 

The lower limit of the signal dynamic range is deter-

mined by the non-linearity of forward characteristics of the 

diode demodulator. The upper limit is controlled by the maximum 

output voltage, available from the rf amplifier,' provided that 

the forward current and reverse maxima of the diode characteristics 

are not exce eded'. 

The effect of the non -aineari ty of the demodulator is 

minimised by increasing the total value of {RS+RL )t. This 

improvement is also limited by some practical factors-. The 

upper limit of the value of RLis fixed by the input impedence 

of the video amplifier, which generally is in the order of 

1 K ohms. 
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The process of dynamic range restriction is known 

as suppression or rejection: The non-linear demodulator 

action is just equivalent to suppression. The small amplitude 

signals become relatively small because the dynamic range is 

expanded by such demodulators-. 

In .practice, the demodulation and suppression is 

achieved by trial and error method, in which the most 

appropriate value of capacitance and resistance and suitable 

.diodes are installed at various amplifier stages-. The same 

method applies here, too [11]'. 

3.4.2-.7 Video Amplifier 

The demodulated output from rf amplifier has amplitude of 

around 1V peak. These signals are video, signals , having useful 

dynamic range in the order of 30 dB,. These signals need to be 

amplified to a level appropriate to drive the particular 

display device in use,. 

The video amplifier designed should fulfill the 

following conditions. 

(i) adequate gain to drive the display when the input 

signal is of the smallest value of clinical significance. 

(ii) adequate bandwidth to maintain the pulse characteristics 

unless,it is deliberatell intended to process the signal 

for example by differentiation;and 

(iii) dynamic range compression to avoid overdriving of the 

display with large amplitude signals. This may be achieved 



by limiting the maximum value of the output of an 

otherwise linear amplifier, or by logarithmic ampli-

fication. 

For the video amplifier response, being out off at 

a frequency in the range of 10•.100 KHz so many problems arise. 

Such an award response results in a serious degradation 

of long pulses and the recovery time becomes large when 

follower a large signal. 

The operational amplifier LF 356 here also meets, these above 

mentioned requirements. So the same operational amplifier is used 

also at the video stage amplification. 

3.5 	FLAW LOCATION IN NUMERI CAL READ OLS' 

We know that the transit time for return echo depends 

on the flaw location from the surface of the transducer (coupled 

to the test piece). It leads to calibrate a numerical display 

destice which gives the flaw position in distance: units'. 

For numerical read out the two methods; integration 

method and counting methods are applied. A brief discussion is 

given as below. 

3.5'.1 INTEGRATION METHOD 

In the integration method (fig. 3.20), transit time is 

converted into a voltage signal. The reading edge of the square 

pulse ( Transmitted and received echo pulses are converted to a 

square pulse) connects a stabilised current source to a capacitor 
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and charges it. The voltage on.the capacitor rises in 

proportion to the transit time': This is interrupted by 

the trailing edge of the square pulse. The proportionality 

constant for voltage build-up and gradient of the voltage curve 

can be adjusted on the basis of the requirement of current 

intensity change. The change in intensity of the current 

occurs according to the velocity of sound and the range of 

measurement'. 

For further processing, the voltage obtained in this 

way is preferably, stored in a holding circuit (until, after 

arrival of the next transmitting pulse, a fresh square pulse 

is generated). During the storage time, the voltage, given to 

an indicator or recorder is in analog form. With the use of 

an analog to digital converted (ADC) the measured value can 

further be processed for a digital display or coded signal 

read •--out. 

3:.5.2 COUNTING METHOD 

It is purely a digital method. Fig'. 3.21 shows the 

block diagram along with the wave forms-. The unit of time is 

the duration of one period of an oscillator frequenoy,. The 

oscillator frequency is selected on the basis of the velocity 

of sound and the required accuracy of the transit time-. 

The 'counter is fed with the oscillator frequency. The 

counting starts at the leading edge of the -squu'c .pulse o.nd 

steps at its trailing edge (fig'. 3-,21). The counting result 



then describes the number of base units corresponding 

to the transit time-. The measured digital value is stored and 

displayed digitally'. It is also made. available for further 

processing e.g,. in BCD coded form,. 

A comparision of the i ntetruiin and counting method 

impiies the following conclusions. 

The both methods require determination of a quantity 

which corresponds to the acoustic velocity in test piece viz. 

. the integration time constant or in the latter case the 

oscillator .frequency'. The former has the advantage of continuous 

adjustment-. The latter is based on the high stability of quartz. 

The oscillator frequency, in this case, can be adjusted to 

discrete values only', which of course, is achieved only by 

exchanging oscillators. 

3-.5,3 THE DEVELOPED DIGITAL REQ", OUT SYSTEM 

The counting method has been used for the present 

scheme. The oscillator is a crystal controlled, producing 

frequency of 3.579 MHz. This frequency, for brass material 

application is divided by 2, in case the accuracy to M. units 

is needed. It is divided by 20 to get the reading in cm scale. 

All these division scales are applied for pulse. echo method 

only i.e. in reflection mode. For the transmission mode the frequency 

may be divided by half of the numerical value applicable in 

reflection mode. 



the block diagram shown in Fig. 3.22 clearly depicts 

the complete scheme for digital read out. The first require-

ment, in this case is to get the transmitted and reflected 

pulses, squared. In the second step, the reflected pulse is 

extracted out from the combination of these two pulses. With 

the transmitted pulse and the reflected echo pulse, we generate 

a square pulse of length equal to the transit time for first 

return echo•. As indicated in the just earlier section, the 

pulses to be counted are fed to the counter, only during 

this interval-. The final count is latched and displayed on 

the seven-segment LED (in BCD form) after being decoded by 

four to seven segment decoder. 

3.6 	PRE`ESTING PROCEDURES 

3.6,,1 CONDITION AND PREPARATION OF SURFACE 

The shape and roughness of the surface has a decisive 

role in all the ultrasonic tests. These factors ogtn  limit 

the sensitivity of the method applied. Thus, they provide 

for the need of a well prepared surface. When probe is in 
direct contact with the test piece, its wear is being much 

influenced by these factors. It gives a conclusion that the 

economics of testing is greatly influenced by the surface 

conditions•. 

For reliable flaw evaluation, a uniform surface condi-

tion is desirable. The thickness of the coupling liquid field 

is varied considerably when foreign particles or layers exist 

between the probe and the test piece. Transmission of waves 
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is also not identical for all points, on the surface. Thus, 

it is of utmost requirement to remove any dirt, loose scale 

and sand. Rags, contton waste and steel brushes are utilized, 

for the purpose. In case of loosely adhering layers of rust 

or paint, scrapers are used. Thin oxide layers or even paint 

are sometimes, preferred to an unevenly cleaned surface. 

3-.6.2 CC.UPL.ANT 

Air is a poor transmitter of sound waves at mega 

hertz frequencies, Transmission of sout'd waves is greatly 

retarded even in the presence of a ray thin layer of air. 

To have a satisfactory contact couplant is used between 

transducer and test piece. Couplant, normally-, used for contact 

inspection include water, oils, glycerin-, petroleum greases, 

silicon grease, cellulose gum and various commercial paste 

like substances. In case, the soft rubbers are used for 

coupling$, adequate coupling needs some pressure to be applied 

at the transducer. 

The following points are considered while selecting 

a couplant. 

1. Surface finish of test piece. 

2,. Temperature of test surface. 
3. Possibility of any chemical reaction between 

test surface and couplant. 

4. Cleaning requirements ( some couplants are 

difficult to remove) 
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Water serves as a suitable couplant for use on a 

relatively smooth surfaoe # However, a wetting agent is 

added to it'. Some times iglycerin is also used to increase 

its viscosityi  Heavy oil or grease should be used on hot or 

vertical surfaces or on rough surfaces where irregularities 

need to be overlooked-. 

Cellulose gum is especially, suitable for rough 

surfaces.. Here, good coupling is required to minimise the 

background noise and to have high signal_to-noise ratio-. 

3.7 ° RESULTS AND COMMENTS 

It has been earlier mentioned (section 3.5'.3) that 

the present system applies the counting method (section 

3.5.2) for digitalread out. The photographs, Pllond P12, 

show these readouts for different flaw locations,. Pi, shows 

that the flaw is present at 35 cm (A brass bar, of length 

35 cm, has been taken as sample) while P shows that the 

flaw exists at 70 cm from the transducer face ( A brass bar, 

of length 70 cm, has been taken as sample). For these two 

cases, the clock input signal, for particular interval (decided 

by the flaw location of back wall echo) can be seen in P9 and 

P10  photographs. The pulse interval (pulse duration) clearly, 

identifies these two different cases.. 
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The clock signal to excite the transducer at 

particular pulse reflection frequency is shown in photo. 

graph P. This also has the differentiated signal, fed to 

the transmitter input'. The negative going edge of this 

pulse has been clipped off. The two comparative voltage 

signals for the transmitter output, fed to the transducer-, 

can be observed through photographs P2  and P3-,  While P2 is 

the picture for unconnected probe condition, the P3  presents 

the same°,for the condition when probe is connected across 

the transmitter. In the former, the maximum voltage of the 

spike pulse is 36. V while the latter has reduced voltage 

level to  1 QV 

The output at the radio frequency stage is realized 

in P4. The final output, after the complete processing through 

the vidio amplifier and demodulation and suppression can also 

be seen in the same photograph. This spike, signal is converted 

to rectangular pulse signal. Signals at intermediate stages 

(i-.e. ANDed output and EX -ORed output) can be identified through 

photographs P5  and P6:.; The interval pulse i.e. the transit time pulse 

for two different flaw locations (brass bars of two different 

lengths) is - screened in P7  and P8'. The photograph P7  represents 

it for 70 cm while the other P8  photograph describes the some 

for 35 cm'. 

It has been pointed out that the most important factor. 

for resolution of this system is the damping of the transducer., 
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• The present system is insensitive to search the flaw 

f a distance, less than.30 cm from the transducer 

face. or to detect the flaws in between two flaws,, being 
30 cm apart'. i This limitation is only due to the, low damping 

of the transducer, 

In the digital readout,, it is seen that instead 
of reading 35 cm, the system reads 37 cm'. The same is true for  

another case of flaw lying at 70 cm'. This difference in the 

reading, 'is caused by the inaccurate calibration of the system 

clock-,: in consideration to the velocity of sound in brass 

material},- By selecting a suitable clock and adjusting it to 

ecact .calibrationt, the exact position of the flaw ca ri be mea•• 

scared'.! 	. 
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Fig' 3.4 Schematic pictures obtained by the pulse-echo method. 

(a) Small flaw in sound bean, 
(b) Two small flaws in sound beam, 
(o) Large flaw in sound beam, smaller second flaw and 

back wall masked, 
(d) Large obliquely oriented flawli,  back wall masked, 
(e) Small flaw but not back wail echo'' because the exis 

of the been is not incident at right angles on back 
wall, 

(f) Strong attenuation of sound beam due to scattering, 
no echo from flaw or back walls. only ' grass' . 
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Fig.3.l1 Typical B-scan set up, including video mode 
display for a basic pulse echo inspection system. 
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basic pulse-echo ultrasonic inspecti©n system. 
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Fig. - 3.1.3 Typical pulse echo systern ' The block 
dia.'ram shoats an Ascan with the probe 
in contact with the test 
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P2 (a) Transmitter -output (probe 
unconnected),. - 

(b) Differentiated input fed 
to the transmitter°. 

(a) Differe'htiated input fed to, 
the tranhmitter.i.. 

(b) Clock output . from 555 tirAer, 

( ) Transmitter output (Probe 
connected)'. 

(1,) Differentiated. input fed. 
to the transmitter. 

P4 (a) output at last stage - Q. 
the video amplifier (final 

clearly obser'vb1e )  
(b) Output at rf aipla.fier 

stage 
(reoeived echoes clearly 
observable' ~ut signal is 
demodulated).. 



P6 (a) S ignul,  c ons is,l of 
transmitted and reoej red 
echo pulses,, 

(b) EX4Red cutput (or4ly 
received echo pulses) 

(a) MU ed output (only trans*s••. 
mitted' :pulse),i 

(b) Logio inverted output 
(Signal consist& of trans, 
rifted and received both 
Pulse). 

7 (a) Signal C0nsisti,.ng of 
transmitted. and .received 
echo pulses. 

(b) Transit. time interval 
pals e for first return 
echo (flaw &t 70 cm),,; 

P8 	(a) Signal consisting of 
transmitted, and received 
echo pulses.; 

(b) Transit time interum, 
pulse for first return 
echo (flak? at 35 em>,! 



Pxo (a) Continuous high -requenoy 
clock signal fed to the 
counter. 

(b) High frequenoy clook 
signal for transit time 
interval (flaw at 35 omi 

.  
P9 	(a) Continuous high frequenoy 

clock signal fed to the 
ocunter. 

(b) High frequency c1ook• 
• signal only for transit 

time interval (flaw at 
70 om ) 

P 	Digital displ%r 'rf .aw at 70 cm) .̀
:  

P-12 	Digital` displ r (fIa .at 35 cm) 



REAL TIME ULTRASONIC IMAGING SYSTEMS (PART..II  ) 

4.1 INTRODUCTION 

The B«scan presents a crude picture of the structure.,. 

within the material, under "st. Due to the meohaniea3. move-

ments involved and problem in transducer contact to material 

pieces, it has almost become out of use in the NDT applioa- 
tions. In contrast, it has .emerged as a very powerful method 

for medical diagnosis [16],  i In many ways', it is complementary 
to X-ray techniques'.. It enables the characterisation of . a 
plane in the body by retie ving echoes from soft tissues,. The 
picture is built upon the CR0 screen as the head of the testing 
probe moves around :a section of the patients body The pro.. 
cedure is painless. The ultrasound is also : ought to be a 
method which has none . of the hazardous t effects that are caused 

by exposure to X-rays,. 

4.2  DEV'BLOPMF.NT OF ULTRASONIC IMAGING SYSTF,'vIS 

With the invent of early real time ultrasonic imaging by 

S.Sokolov and R Pohlman, £ : late thirties and early fourties, 

the pulse echo method found its wide application only in 1942, when 
introduced by F.A. Firestone.. Till the present time, the develop-
ed accoustioal imaging systems fall under three categories [6]. 
It is also to note that such system also exists which are 

difficult to be classified under a particua.ar oategor Nj 
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4.2.1 INTENSITY MAPPING ORTHOGRAPHIC SYSTEMS 

These systems essentially, produce a two dimensional 
map of the transmission of sound through an object. The sound 
is transmitted through the one side,.' of the object while its 
intensity on the other side is measured as a function of 
lateral position (fig-.4.1)'. The resulting intensity map is 
the image. -5canning acoustic microscope (SAM)-, deloped at 
Stanford University by C.F,Quate and colleagues-, is a success--
ful modern realisation of such a concept. The concopt is 

similiar to Scanning eZLectron microscope. It is the result of 
the painstaking research of twenty years, which produced a 
perfect SAM and made it a commercially available instrument. 

4,2,.2 PULSE-ECHO SYSTEMS 

Ultrasonic flaw detectors for weld inspection in piping 
and nuclear plant containment vessels are well known instru-
me nts based on the pulse- echo method. Clinical application 
of this method includes B..scan:. B~.scan methods convert the 
echoes scattered by tissues in the body into two-dimensional 
slice images sirhilar to tomograms, in appearance'. Some times, 

a phased array is used for electronically focussing and soannin.g 

of an ultrasonic beam. During this,the point on a television 

screen . which corresponds to a location of the scattering point" 

in the body, is matched with the return echo'. The array itself 

provides the matching -. As a result, a two dimensional image 

is seen on the TV screen'. 
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4.2 ..3 PHASE AMPLITUDE APPROACHES 

These systems are based on 6*'koizu's icc s, So  

these systems work in the same way as Sok(;r4  q liquid sur-

face imaging systems do. The main competitor to the. Scanning 

acoustic microscope (SAM) is a scanning laser acoustic micro-

scope (SLAM) [17]. The SLAM is a juiced-up version of SokolovI  s 
original concept and it produces a real. time display on TV 

- screen. Other holographic approaches make use of transducer 

arrays. These also, incorporate fast fourier transform (FT) 

signal processing to produce images and hybrid pulse echo and 

holographic techniques. At a final point, holographic imaging 

combined with multiple projections produces acoustical tomo-

graphy. Acoustical tomography forms the 'ultimate' in data 

acquisition and signal processing complexity for acoustical 

imaging-. 

As the present system,developed here', is based on 

pulse-echo technique, only concerned various schemes and 

some specific features of them will be taken up. to 'hive a 

concrete view on the system. 

4.3 PULSE ECHO  METHOD IN ULTRASONIC IMAGING SYS'I iS;(B.S CAN ) 

Ultrasonic images can be divided into two rather 

broad categories;' B.scan!  images and' C-scan images-. Each of 

these can be further divided and subdivided into some other 

classifications-. These classifications are based on scan 
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technique (phased array, electronically stepped array, or 

mechanical) or scan type (linear, sector, a or compound). 

In general, each scan technique has a full range of scan 

modalities. The situation becomes more complicated, when we 

talk of real-time or non-real time scanners . waterpath or 

%contact%  scanners and reflection (pulse-echo method) or 

4 transmission' ( intensity method) modes. 

The present work is only limited to B-scan reflection 

mode. The principle and its instrumentation follows in the 

coming sections-. 

4.3.1 WORKING PRINCIPLE AND BLOCK DIAGRAM 

B-scanning-,, or brightness..mode scanning, provides a 

two dimensional cross sectional reflection image of the 

object that is scanned. A B-scan image is formed by sweeping 

a narrow acoustic beam through a plane and positioning the 

received echoes on a display, such that there is always a 

relationship between the display scan line and the direction 

of acoustic propagation in the test specimen. Generally, the 

same transducer is used to send and receive the acoustic 

signals. One dimension of the image is inferred from the 

arrival time of the reflected echoes of short acoustic pulses. 

Signals, received from structures close to the transducer, 

arrive earlier than signals from farther locations. The other' 

(transverse) dimension is obtained by moving the transducer 
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(-either physically by mechanical means or apparently by 

electronic means) so that a different straight line path' 
through the objeot is examined by another short acoustic 

pulse*  This process is continued till the scanning of the 

entire region of interest is carried out. Some means of 

tracking the propagation path through the object is required 

in order to clearly identify the image,. 

Fig,. 47.2 shows a block diagram of a generalised B. scanner. 

An electronio pulsar excites the transducer and in .consequence, 

a short burst of ultrasound is generated. Acous,tiosignals, 

reflected from, objects in the, acoustic path, impinge on the 

transducer: These , are now converted to electronic signals and 

processed for display. Some times, a swept _gain is provided 
to partially compensate for the attenuati on experienced by 

signals reflected from the deeper structures'. The position and 

angular direction of the beam are determined by position .moni-

toring electronics, which accounts for the image signals,, As 
the echoes are received by the transducer, they are amplified, 

rectified and filtered. The resulting signal is used to bright-

ness modulate the display'.'  

4.3.2 S C.ANNNING METIODS 

There are ;three scan modalities as linear, sector and 

arc.. Typically, the transducer diameter is kept to a yew smn. 
fraction of the scanned dimension'. The combination of one 

scan modality with other produces a compound scan.$rtef 
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description of each modalities follows as under.1 

In a linear scan,, the transducer moves in a straight 
line (fig'. 4.3a). The length of travel of the transducer 

here, decides the field of view. However,,in the time (or 

depth) dimension-,; the field of view is limited only by the 
depth of penetration (.:e.; the frequency and attenuation) 

or the physical size of the object, being scanned°. One advantage 

of this technique;  is that the image may consist of a uniform 

line density-, which results in constant spatial sampling rate 

of the object and a pleasing di s play on the monitor. 

.4,3.2'.2 Sector Scan 

• In the sector scan-, the transducer position remains 

fixed at a point on or above the object,. !ransducer,heree-is 

moved through an angular sector (Fig.4..2b)•. In this case, 

the field of view increases with depth of penetrations. However, 

the line density decreases as the field of view elands'.! - This 
type of scan is particularly well suited for imaging through 

narrow apertures', such as's  for imaging the heart through the 

ribs-. 

4.3.2°,3 . Are Scan 

In an arc scant- transducer is moved along the arc of 

a circle (fig'. 4'.'3c). It gives rise to an image format which 

is the inverse of the sector scan'. The field of view here-,' is 



largest near the transducer and decreases as the depth of 

penetration increases. The arc scan (or a close approxima.. 

-don to it) is most often encountered in manual scans of the 

abdomen, the surface of which resembles the arc of a circle.; 

4.3.2.4 Compound Scan 

The compound scan is a combination of the sector scan 

with either a linear scan (fig-.4°.4) or an are scan'.' The 

compound scanning is used to overcome a major problem in B-scan 

imaging, namely the difficulty of imaging spe©1lar reflectors 

and objects lying behind specular reflectors,. The parts of the 

specular, turface,missed in simple scan,. are also imaged by the 

compound scan...Compound scan is also useful for ,imaging behind 

highly reflecting or attenuating structures . (e'.'  ribs) . since 

hidden object points can be imaged from an unobstructed direc.» 

ti on. 

Each of the basic modalities can involve manual., automatic 

mechanical-, automatic electronic and hybrid combinations'.' Some 

of these techniques can be utilised for real time imaging-*' Thus, 

they are capable of acquiring . and displaying dynamic-  images of 

test piece that are in motion,. 

4.3.3 TYPES OF S CAMERS 

Another di s tinati on$ often applied to the general B..s c an 

cate.goxy., is whether a system is a contact scanner oar a water 

path scanner [18):. In the former the test piece is in direct 

contact with the transducer while in the latter the water 

serves as the coupling media and thus' the' sound beam passes 



through the water before entering the test piece::. The 

water path scanning technique is used principally, in 

automatic mechanical scanners to isolate the mechanical 

motion from the test specimen°. Usually, the water path 

distance is made somewhat larger than the desired depth 

of penetration.. This is so done to estimate artifacts 

that magi  otherwise, appear due to reverberation between 

the material and the transducer. 

In reference to the present work,,  the instrumentation 

of only contact scanners are discussed'. The B...scan.. mechanism 

is mainly used for medical diagnosis but for some specific 

industrial applications, it has a great deal importance°. 

To produce a B..scan image, some means for moving the 

ultrasonic beam is needed.Rany currently available', contact 

B-scan instruments utilise some form of mechanical systems 

for moving the ultrasonic transducer and thus°t' the ultrasonic 

beam. On the basis of their moving mechanism$  these are 

categorised in two types as manual or motorised movement'.; The 

same effect is obtained by electronically switching or 

phasing' stationary transducer elements of an ultrasonic array-. 

Two methods of array scanning have been realised in diagnostic 

instrumentation (Alsop can be employed for industrial applications); 

the t  li ne ar stepped arrays  and the ,linear phased array!  '.' I n 

all cases, ; 	these systems employ transducers in direct 

contact with the surface of the test piece. (or skin of the 

patient): 



	

4.343.1 	MANUAL SYSTEMS 

The manual compound contact B-scan system, has been 

the backbone of diagnostic ultrasound imaging. for many 

years. This form of ultrasound imaging system led to the 

development of equipments, capable of producing images with 

a significant degree of diagnostic information. 

Contact B..scan imaging system consists, basically of 

three parts: 1) a scanning arm to control the travel of an 

ultrasonic transducers. to maintain the ultrasound beam in 

a single plane-, 2) appropriate electronics for amplifying 

and - detecting the returning echoes, monitoring the position 

and angle of the transducer and driving and deflecting a 

display device; and 3) a display device to convert the 

electronic signals into an image on a CRT device. A typical 

B-scan manual system's schematic is shown in fig. 4,.5..' 

One of the limitations of this technique is that image 

quality can be affected by the manner. in which the scanning 

is performed-. Therefore, ultrasound technologists must be 

trained to develop a good scanning method. 

	

4.5.3.2 	Real time system 

Instruments, which can produce images rapidly, enough 

to display the movement of various portions of a scanning 

piece,are called real-time systems'. In case of medical diag-

nosis, it has an added advantage. Since the operator has 



nearly instantaneous feedback, patient' s procedures - can be 

accomplished very rapidly 	as a little time is wasted in 

locating the organ or tissue of interest. In real time systems, 

the ultrasonic beam is scaned either mechanically or electro 

ni cally'. 

(a) Mechanical :loan 

There are many types of real-time imaging systems, 

currently in use. The simplest technique is to replace human 

hand with a mechanical system that moves the transducer 

automatically. One such system is the mechanical sector 

Scanner. 

In the system, a motorised mechanism moves the trains.. 

ducer automatically. In the process, the transducer is kept 

in proper contact with the test piece. Position sensors con_ 

tinuously deflect the angle of the transducer and produce a 

signal corresponding to the position of the displayed echoes 
in the image°. No scan arm is needed here. In other respects,it 

resembles with the manual B-scanner. 

(b) Electronic Scan 

There are two distinctly, different.. types of electro» 

nically scanned, contact B..scan imaging systems the linear 

Stepped array (commonly called the % linear array') and the 

linear phased array (commonly called the % phased array' ). 

The linear array requires a large number of small rail 

road- ti eshaped transducer 'elements 'These are arranged next 

to each other so as to form a line array, usually about 1 cm 
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wide and 10 to 15-cm long,.! A typical linear stepped array 

configuration is shown in fig. 4,.6a,.; One to four transducer 

elements are activated at a time and c sequentially stepped 

along the array so that the ultrasound beam is moved in a 

linear path while keeping the array stationary°. 

The phased array [19] has a similar constructions. but 

differs in operation'. A phased array transducer is sm.aler 

(about 1-cm across and 1-to 3-cm long), and usually, contains 

fewer elements: as shown in fig. 4'.6b'. All the elements are 

made active at the same time and the ultrasound beam angle is 

altered by proper phasing of the signals (going to the elements 

for-transmit) and also by proper phasing of the received 

signals from each element'. This system is analogous to a 

phased array radar. 

4.3.4 SYSTEM CONSIDERATIONS 

In chapter 3, the .basic block diagram for pulse echo 

system have been given. In additiorr,• the, design aspects for 

each block were also discussed. Therefore, the _present section 

is confined only to the various hardware parts, essential 

for the development of B..scan imaging systems. 

4.3.4,.1 Transducer 

The transducer is the heart of any ultrasound im;tgi ng 

system'. It performs the conversion of electrical energy into 

mechanical energy and also the reverse i.e., the conversion 

of mechanical energy into electrical energy. There is funda-

mental relationship between the properties of the ultrasound 
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beam generated by the transducer and the quality of the 

'resulting image'.,  

The transducer design has passed through the stages 

of steady progress and refinement- during the past three 

decades. The early imaging was performed with single element, 

unfocussed transducers.. The development of focussed transducer 

is credited to the pioneer work of Labaw, O'Neil And Kossoff', 

One of the imaging objectives is to provide the narrowest 

beam possible; while maintaining sufficient sensitivity to 

penetrate the desired depth of material, under test•. The 

consideration is given to acoustic properties of the test 

material (velocity, attenuation etc'.'), the _ required depth of 
penetration,: the speed of image formation, the desired resolution,. 

and the physical restrictions on transducer size and shape..' 

After the selection of a suitable imaging technique, the 

compromise is sought to achieve adequate spatial resolution 

and beam properties, 

The selection of pulse frequency and bandwidth poses 

another difficult problem to the transducer.  design,. Three 

important factors affect the choice of frequency':' 1) ultra.. 

sonic beam attenuation through the material under test ; 

2) required depth of penetration-and 3) system dynamic range'. 

To approach a optimum frequency, no strict rule exists for 

deciding these above variables. Generally, the highest frequency, 

that provides adequate penetration, is selected. 



The performance of a pulse .. echo ultrasound system 

is much more dependent on the characteristic of the trans.. 

dueer.-  The temporal response i.e,. frequency i pulse width and 

sensitivity is determined primarily-,, by electro Qj-,jj0&„ 

properties'. However, the spatial resolution is decided by 

the transducer geometry combined with the frequency and band 

width. The design of ultrasound transducers thus requires a 

careful attention to several delicate physical compromises 

[20). 

Basic assembly of a piezoelectric transducer is shown 

in Fig. 41.7, 

4.3.4-.2 	Processing Units 

A careful attention is paid to the desisn of - remaining part 
of the front ends the transmitter, the receiver and the analog-

to-digital converter or other digital devices'. This is so needed 

to maximise the information transfer from the transducer to 

the digital processing system. The subsystems, described above, 

must match the performance characteristics of transducer and 

the digital system. 

(a) The Transmitter 

Typical transmitters fall into two basic categories: 

the pulse type and burst type. The former uses a single 

electrical spike or pulse in order to minimise the time 

duration of the transmitted ultrasonic pulses -. The latter 

produces a gated sinusoid or square wave. in order to narrow 
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the spectrum of the transmitted ultrasonic wave -.i 

Pulse- type transmitters work by t shock-exciting' 

the transducer.; These transmitters deliver a short high.. 

voltage unipolar pulse to the transducer, which now resonates 

to its fundamental frequency. Usually, these transmitters 

rapidly discharge a. capacitor across the transducer with 

the .use of an electronic switch.. The turn on time is quite 

fast (in the order of 1 to 10 ns) and depends on the 

switching device, used-. These devices may be silicon control 

rectifiers or avalanche transistors -. A thorough and .comparative 

analysis of these switching devices produces that FETs 

including HEXFEs and VMOS devices are best for most of the 

ultrasonic applications,. These devices have fast switching 

time (10 ns) and low }ons  resistance (approx'. 5 ohms )°. 

The second group of transmitters (e.g. burst type) 

use a number of cycles of a square wave or a sinusoid modulated 
wave by a Hanning- type window-. Square wave excitation is in 

frequent use as it requires only a simple switching circuit;.. 

The use of time or square wave bursts provides a precise 

control of the frequency spectrum of the energy, transmitted-. 

. This has a great usefulness in multiple frequency image proce-
ssing techniques• for speckle reduction. Burst type of transmi-

tters are generally used in phase army transducers, where they 

improve the signal-to-noise ratio during coherent signal summa-

tion. 



A recently suggested transmitter circuit uses a 

digital to analog converter (DAC)°  to configure the transmit 

burst under computer control-. In this ways any number of 

relatively complex voltage wave forms can be genera-bed. 

to excite the transducer within the limitations caused by 

the conversion speed and bit resolution of the convertor [21]-. 

(b) The Receiver 

The primary purpose of the receiver is to amplify the 

signals from the transducer, generated by re-baring echoes 

within the examined structure. During the process, it must 

not compromise the frequency or signal-to-noise characteristics 

of the transducer'.. 

The matching of the receiver with the transducer is 

the first inevitable fact needed to optimise the overall 

signal-to-noise ratio and sensitivity. Typical transducers. 

for medical imaging have noise levels approximately 1.,,,pv 

and voltage, levels (on receive) in the order of 10 *zv°. Received 

echo signal depends upon the excitation voltage and the sensi-

tivity of the transducer. (expressed as a two way insertion 

loss, typically 140 dB). In addition, it depends on the losses 

in the medium due to attenuation and reflection at material 

discontinuities?. The maximum SNR is 'achieved when the transducer 

and receiver impedences are matched and both the electrical 

and mechanical resonance coincide,. 

In case, a single transducer is used for both trans-

mission and reception, the receiver is overloaded during the 



transmitted burst. This problem is usually, overcome by 
a resistor in series with a diode clipper as shown in fig. 

4.8 and termed as protection circuit in fig. 3-.18. However, 

complicacy in the electrical matching arises due to this 

protecting resistor. It is chosen so small as to minimise 

loss and excess noise, while receiving. 

The most important function of the receiver is analog 

signal processing. This processing is performed to comple.. 

merit the image processing taking place in digital form-. 

The analog processing is performed to reduce either the 

dynamic range or bandwidth requirements of the analog to 

digital converter. These receivers also, employ time gain 

compensation circuitary-.. This circuitary provides for the 

best possible image quality while maintaining image uni-

formity. 

Signal compression is the another form of processing 

included in receivers. This is done to compensate the strength 

of reflected echoes which vary over several orders of magni. 

tude. This is also needed for the suitability of gray scale 

im ages on the CRT screens.  The compression can also be adjusted and 

so varied for linear to logarithmic. The receivers also, 

include envelopes to emphasize the boundaries. These techniques 

are often used to reduce the bandwidth requirement of the analog- 

to-digital converter. 

The exact nature of the processing, taking, place in 

the receiver, is critical to subsequent digital imaging 



technique; It is also to note that in medical diagnosis, 

the acquiring information on acoustical parameters of 

tissue.. in order to distinguish between normal and patho-

logical states requires a detailed knowledge of the 

receiver signal processing [19]. 

(c) The Image Storage, Processing and Display Units 

The B-scan is normally, displayed in one of the five 

ways. Four of them use different types of oscilloscopes such 

asjnon-storage, long persistance,long; persistence storage 

and bistable storage. The fifth type uses a scan converter 

plus TV monitor. 

A non-storage oscilloscope is the cheapest method of 

display but open shutter photography must be employed before 

the image -to be viewed. 

The fluorescent screen may have a long persistence 

phosphor which continues to glow after the electron beam has 
moved to a different part of the screen. Different phosphors 

glow for different lengths of time.(upto 10 jis) and view is 

best seen in darkened surroundings. Such a system enables the 

operator to see the complete B-scan picture without distorting 

the photography [16). 

An oscilloscope (long persistance stora3e oscilloscope) 

can be made to store the image for a longer time by incorpora-

ting in the system a storage grid of insulated electrodes, a 
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collector grid at about +200V and a source of electrons 

that can be made to flood the screen completely from a flood 

gun. 

The Bistable storage tube is simpler and cheaper than 

the variable persistence type. It has no facility. for variation 

in spot size-  to produce any gray scale.Ultrasound echoes are 

displayed as very small dots with the same size and brightness. 

A cathode ray. storage device based on analog scan converter 

contains a. solid state storage surface composed of many small 

diodes. It also has an electron gun for addressing the diodes 

and reading the stored data.. Being an electron beam device -, 

it offers a great flexibility, The data can be written slowly 

and read quickly, It thus, allows for a standard television 

display to be used for producing the image [18][21]-. 

Some modern snners use a digital (solid state) scan 

converter [22] made of semiconductor memory integrated circuits 

working with electronic control circuits. In the digital scan 

converter, the image is usually broken into a matrix of points 

or pixels and a memory location is assigned to each pixel. 

A number corresponding to each pixel is stored in its corres.. 

ponding location-  as the scan is being made'. 
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CHAPTER r. 5 

DEVELOPED ULTRASONIC IMAGING SYSTEM 

	

5.1 	INTRODUCTION 

A fundamental requirement for a technique to prosper 

is its natural foundation in physical principles that allows 

it to perform some functions better than other oompetitiye 
approaches. Aooustioal imaging technology suffers a crucial 

innovation as to fight with other imaging methods and success-

fully take a lead over them in commercial, industrial, olinical 

and military applications-.` The ultrasonic imaging system deve-
loped by the author has very useful features so that it can 
Withstand in the crucial field of imaging technology'. These 

features will be overviewed in, this chapter after the system 

details have been discussed,. 

	

5.2 	BLOCKS I IA1IC 

Block schematic of the imaging system developed herc 

is shown in fig'. 5.1. A brief description of its various 

elements is given in the following paragraphs. 

The ultrasonic transducer, used, has a natural frequency 

of 2.5 MHz and diameter 15 mm. This is a piezoelectric trans.. 

ducer which gets excited through a short burst of electrical 

pulse. The transmitter incorporates a medium power Bipolar tran-

sistor, through which the capacitor voltage is discharged into 

the transducer capacitance,. 
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The central processing unit (CPU) is a 8-bit micro-

processor 8085 [Z3]. This performs the various functions as 

pulse generation, pulse reception and the analysis of arrival 

and generation instants of the pulses. The CPU also, generates 

the signal for transducer movement and corresponding position 

signals (x and y coordinates) are stored in the RAM area pro-

vided for the purpose. The interval count is stored just after 

the position signal. The moving device is a mechanical system, 

configured to produce movements in to directions (x..axis and 

y-axis) perpendicular to each other. Two Stepper motors are the 
important components of this mechanical system. 

"Display device is a non-storage type CRO, which .receives 

signals from three digital to analog converters (DACs)-, One 

for each x,y and z axes, fed from the CPU. The analog processing 

unit consists of amplifiers and demodulator and suppressor 

circuits. Pulse converter is a circuitary, which converts spike 

pulses to rectangular pulses. The digital processing unit is a 

device to generate a pulse of length equal to the interval 

between transmitted and the first received pulse. 

The square waves, generated by up, are converted into 

a short electrical pulses of large magnitude, through the 

transmitter circuit. This pulse excites the transducer so that'. 

a short burst of ultrasound is generated. Acoustic signals 

reflected due to impedence mismatch are impinged on the trans-

ducer and converted to electronic signal, which after analog 
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and digital processing, is received by the CPU'. The zp. 
continues to count in the interval between transmitted and 

received echo pulses. The final count is stored as z.-coordinate 

for the z.anodulation (i'.o'.; intensity modulation)!. 

As a. first step, the scanning mechanism is initialised 

for the sconx'ing of the test piece. This is the . origin of 

scan and this information is stored as a first position.  signal. 

Now, the origin point is interrogated by ultrasonic wave 
penetration through the.piece. The interrogation is done in 
the above mentioned way,. 

Now onwards x and y coordinates are increased according 

to scan line and subsequently searching is also performed in 

the above illustrated .fashion. The .entire process is  continued 
till the desired region is scanned•.. When the scanning is fini-

shed, the stored data is processed and fed for display'. The 
processing involves the conversion of digital signals (stored 

as x, y and z-coordinates) into appropriate analog signals to. 
produce \,a good picture on the screen. The display device (i.e. 

non-storage CRC) requires the signals in analog form?. When x 

and y signals are fed., the spot moves according _to these signals, 

while-'. its ,intensity is governed by z-modulation, fed as 

z-coordinate signal. From the CPU, these signals are delivered 

in the same sequence as stored. When all the data is fed to 

the CR0, the same data outputting process 	is . repeated, s.o as 

to produce a stationary picture on the screen. Through the 
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whole process?,: a cross sootional view of the test pieoe 

towards the front face is viewed on the screen. 

5'..3 

The flowchart for the overall function, i°.e'. pulse 

generation, pulse reception and also the reception and 

storage of transducer position signal along with -the controlled 

movement of scanning mechanism, is shown in fig. 5°.2°. This is 

the main software flowchart, which calls for two subroutines: 

one,for the forward and backward motions of the .stepper motors 

124] and the other, for searching z-data (fig', 5.`3)-. 
• The software .flowchart for displaying these signals on 

CR0 is given in fig. 5,.4?.. 

• These flowcharts are briefly explained in the following 

subsections'. 

5.3.1 MAIN SOFTWARE FLOWCHART 

This flow chart describes the complete operation of 

the imaging system developed. As a first step,: the all ports 

of 8255, in operation are initialised for their particular 

configuration'.' Two 8-bit ports (A,B) of 8255 are made to work 

as output ports-,; and feed coded signal to four winding terminals 

of the two stepper motors (one port for each motor) through 

the two power modules. The port C of Plis configured in both way'. 

Its upper part is configured as output port (fed to the transmi•. 

tter) while its lower part is opted to work av input port 

(receiving signals from the digital processing unit )-. 
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The interval registers B and C are used to generate 

the position signals (in actual, they perform the function of 

counting the steps of movement), accordingly. 

The BL pair of registers determines the manory location 

from where the data storage starts-. 

After the initialisation of all the registers and 

parts, the first position signal is generated by selecting 

the counters B and C, representing x-.axis and y-axis coordinates,,-

respectively. This signal is stored in the memory location 

addressed by the HL pair of registers. Now, the subroutine 

for z-data search is called and after the execution of this 

subroutine, the next position signal is generated. It is so 

done by moving the transducer one step in x-direction while• 
calling the subroutine for its forward motion and increasing 

the x-axis count fl  register B;. This count is further checked 

for range coverage. If the range is not covered, the same process 

of storing position signals and the z-data search is performed 

by excecuting their corresponding subroutines. The process 

of position signal generation, its storage and corresponding 

interrogation (z-.data search) is repeated .till the coverage of 

one scan line in-the direction of x.axis. 

When the one scan line is covered,, the other scan line 

is sought by the same process-. One step movement in y-direction 

is obtained by Calling the subroutine for it-.. 
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Different scan lines in x_direction are achieved 

doing step by step. incz'otiertt 	in the y-axis count. After 

the coverage of y.-axis range the system is resetted to its 

original point,. 

5.3.2 ..FLOW CHART FOR Z.»DATA SEARCH 

Interrogation at each . search point is initiated by 
s 

generating ,a clock signal°.; Its frequency/determined by the 

depth of penetratibn. The clock signal is fed to transmitter 

which via generating a short electrical pulse of large magnitude 

excites the transducer to generate short burst of acoustic, pulses. 

These acoustic pulses, reflected by impedence discontinuities, 

impinge 	on the transducer and being . converted into electrical 

pulses and further proces sed by analog and digital proces sing 
units, are fed to the CPU,: which accounts for the time interval 

between transmitted and the first reflected pulse while analy- 

sing the instants of transmitted and the reflected pulses-, The 

storage of this interval, in form of digital counts`ycompletes the 
process Cf interrogation:. 

The flow chart for interrogation here involves the gene-

ratio i of clock signal. i.e. analysis of transmit and receive 

pulses and digital counting of interval between them arid 

its storage-,' as well. 

The procedures, illustrated ,in the flow chart (fig. 

5.3) are: self -explanatory. 
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533 FLOW. CHART FOR DATA DISPLAY 

each search point has its different position signals 

(x and y-coordinates) and corresponding z-signal°.1 All these 

signals after being converted into digital forms are stored 

as x,y, and z•.coordinates, These signals are given out in 

the same sequence; as stored-. 

The flow chart describing the various procedures 

is shown in Fig,. 5.4. These procedures are explained as 

below: 

At first all the three ports of 8255 (P2) are 
configured as output port. EL pair of registers are initialised 

as data pointer, being loaded with the same contents i°,.addr ss od 
the manory location from where the data to be displayed,- starts; 

A 16bit counter, consisting of internal registers, B and C is. 

res.etted to count the number of search points for which the 

data have been given out,. The x,y and z .signals are given 

out in succession. When the data for entiree search points, 

have been outputted, the sane process is repeated by loading 

the counter and data pointer with their original values'. 

5.4 	CIRCUET DETAILS AND DESIGN CONSIDERATIONS 

5.4.1 THC TRANSMITTER 

The circuit (fig'. 5'.5)here used to shock excite the 

ultrasonic transducer generatesa voltage, step across the 

transducer-  by discharging a.capacitor voltage (charged 

to 50 v) into the transducer. 



The active element is medium power and medium 

frequency transistor SL 100, which acts as a short circuit 

when the base is made positive by the application of a spike 

pulse to it'. The spike pulse is produced by an incoming 

differentiator circuit'. The differentiator circuit generates 

two spike pulses'$ one,.positive going and the other, negative 

going. The negative going pulse is clipped off through a 

diode, configured in forward biased mode. 

In order to keep the duration, of the transmitter pulse 

as short as possible, the capacitor value (C) is kept, .fairly 

low. But this requires the supply potential to be large.' 
Hence, a compromise is made between supply potential and the 

capacitance value to get a sufficient amplitude of transmitter 

pulse with appropriate duration. Such a compromise, puts- a 

limitation to the present system. This limitation here, 

mainly governs resolution of the system and to some extent 

its f1Aw detectability. 

5,4,2 TRANSDUCER POST IT ON IX 4JIRA14GEEENT 

The entire region of interest, under test-,: is 

considered to be in the same .plane. The piece is also assumed 

to be in a rectangular shape. This facilitates to divide 

the desired region to be scanned, in square blocks' of very small 

dimensions,. This small square block is taken as one search 

points to fix up the transducer. and search for a flaws. This 

square block here, serves as a search point in the cartesian 

coordinate plane. The transducer moves one unit in one step as 



100 

decided by the software program. The movement of trans. 

ducer in the two different axes is controlled by the software 

program running on the CPU. One corner of the rectangular 

plane is treated as the origin and serves as the reference 
for other points in the plane. 

The transducer, performing both transmit and receive 

phenomena, is attached to the positioning assembly (Fig.5.6 ) 

The assembly comprises of two stepper motors and two rack 

and peni.on sq•ts (one for each stepper motor,) with slides for 

transducer movement. 

The mechanism is so adjusted. that it provides motions 

in two .perpendicular directions,.. The transducer is fixed 

at the search point through a proper coupling media (as 

earlier indicated, its movement is controlled by a software 

program) °. 

As stepper motor moves always in steps-. Its forward 

or backward motion (over a complete cycle) is only possible, 

when its different windings are excited in *a proper sequence 

[25], In this particular mechanism-, the excitation of windings 

in requiste sequence is executed through the generation of 
code sequences [24], by the CPU. The proper amplitude of 
exciting signal is provided by a power module; This power, 

module is an intermediate device between CPU and the stepper 

motor... The code sequences, generated by the CPU-,:. are fed to the 

power module which subsequently produces the amplified signals 

in the same sequence and thusy excites the stepper motor 

windings'. 
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The position signal is the total count of the 
earlier executed steps in both x and y directions,. The 

counting is done. in two different internal registers of 

CPU. One of them represents the x-axis and the other, the 

y-axis step movements. At each step these position signals 

(x-axis and y-axis counts) are stored'•!.FCr this position 
signal, there exists a. corresponding searched signal also-, 

which is stored subsequent to these signals, each time. 

5.4.3 ANALOG PROCESSING UNI T• 

The analog processing unit consists of amplifiers 

and subsequent demodulation and .suppress:ion circuits'. Each 

of these is discussed separately in following sec.tions', 

5.4.3.1 The Amplifier 

One of the basic criterion for, amplifier design, in 
pulse .echo .system, is the frequency response of the amplifier'. 

The first stage of the amplifier is a high frequency amplifier. 
commonly, known as radio frequency amplifier in such systems'. 

This should be of a very large ;bandwidth i. e!e  covering all 
occuring ultrasonic frequencies . e'.g'. from 1 to 10 MHz. 
Signal.-to.»noise ratio (SNR) limits the selection of a very 
wide bandwidth because the noise ;.signal varies proprotionally 

to the square root of the band width [15]. In addition, the 

harmonics of the frequency of the probe, often predominate in 

the frequency band of echoes, as . compared with the harmonics 
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of the harmonics of the transmitted. sound wave,, This 

poses the problem on the screen, producing' undesirable. 

background noise with which the flaw echoes to be detecw 

ted no longer appear in clear contrast. 

The operational amplifier LF 356 used in the 

present system provides an appropriate compromise among the 

above three parameters. It has a frequency band. of 5 MHz . and a 

noise of extremely low level, which . hm,  no significance as 

compared to the received signals from the transducer. The 

harmonics just indicated, in this case cause no problems 

because they are Clipped off due to the limited bandwidth 

of the, amplifier. 

The paralysis problem (section 3.4.2.5) here',is also 

avoided 'by using the two simple diodes connected, in opposition 

to each other°,i across the transducer in series combination with 

a resistor (Fig, 3.18)'.- 

The second stage of the amplifier is the video amplifier. 

As discussed (section 3-.4.2,.7)-'the video amplification requires 

almost the same characteristics as the radio frequency amplifier,. 

Thus, LF 356 also serves here, as a video amplifier stage'.,  . 

However, no paralysis problem is encountered at this stage'. 

5.4.3.2 Demodulation and Suppression a.rcuit 

The output from the rf amplifier is the faithful 

amplification complete with both positive and negative going 

excursions (as short clamped wave trains at 2', 5 MHz)-. Since 
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the identification of the received pulse is viewed only 

with its magnitude, the nagative going half cycle is out off 

using a simple diode. The proper wave shape is obtained by 

suppressing the signals through a RC network at each a►npli.-. 

fier stage', 

5.4.4 PULSE CONVERTER 

The transmitted and received echo pulses. obtained 

from the analog processing unit are in spike form'. Their 
value ranges, from 5 to 10 V'.; For the digital processing, the 
above pulses are required to be in the form of rectangular 
pulses and their value must lie between 3°.6V to 5.0 V (TTL 
level) so that the devices following it may sense it encountering 
no damage or unusual behaviour'. The circuit, shown in Fig:. 5.7,' 
fulfills the above requirement. It consists of an operational 
amplifier 741, a zener diode with breakdown voltage of 5.0 V and 
a transistor for switching. 

5.4.5 DIGITAL PROCESSING UNIT 

The first function of digital processing unit (Fig.: 5°.8)' 
is to separate out the transmitted and received pulses from each 
other. The function is achieved through logic inverters', AND and 
E~c.-0R gates. In addition to the final output at the final stage 
of the analog devices, (section5.4.3and 5.4-.4) one more signal 
is generated having the same phase and frequency as of the pulse 
repetition. The pulse length of this particular signal is slightly 
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greater than that of the transmitted pulse of the signal 
comprising both transmitted and received pulses', By ANDing 
these two signals (output signal from the pulse convertor 

and the just generated signal) it is thus, possible to 
generate a signal of frequency equal to the pulse 
repetition frequency but free from the received echo pulses-. 
This generated pulse is Ex.0red with the signal ° having both 
transmitted and received pulses and consequently, provides 
a signal which comprises only received echo pulses. 

The next step in the digital processing is the genera 
tion of a pulse of length equal to the time interval between 
the transmission and reception instants ( for the first received 
echo only)-. This is achieved by using a 555 timer in bistable 
mode [13]. In 'the case., the transmitted pulse acts as 
trigger pulse while the first received pulse.does the resetting. 

The CPU is fed with the output of the 555. It measures the 
pulse length in digital counts and finally stores it as zwaxis 
coordinate,. 

5.4.6 THE IMAGE PROCESSING AND DISPLAY UNIT 
As indicated earlier, all the three coordinates (x,y 

and z) are stored in digital form-.- It is thus-, desired to 
convert them into analog signals for displaying them on CRO'. 

The digital~.to.analog converter (DAC), DAC 0800 is used for the 
purpose•. The x•,y and z signals are given out in succession 
by the CPU and fed to the CRO 'through the DACs:... The spot 
movement is determined by the x and y coordinates and its 
intensity by the z coordinate-. When al]. the information is 



repeated in quick succession,a stationary image is seen on 

CR0 screen, which .depicts the cross.sectional view of the 

specimen scanned'. 

The CR0 used is non-storage type made by S.ystronics'. It 

has the frequency bandwidth of 5 MHz, ranging from do to 5 MHz. 

With the scanning done in descrete fashion the CRO presents 

only a matrix of spots'p one for the each search point°: However, 

the spot intensity is governed by the interval count-, a low 

count gives low intensity and vice versa. 

5.5 	HIGHLIGHTS OF THE NEW SYSTEM 

• In chapter IVB the B•.scan concept and its available 
instrumentation schemes were discussed. Basic principles of 

C•.scan were also discussed in Chapter III •While 	Bscan 

presents the cross-sectional image of a section,the C-scan 

produces the same but towards the front. The developed system 

here, also provides the cross .sectional view but towards_ the 

front face as a C-scan does. The difference lies in the fact 

that C-scan is able to generate an image while receiving the 

intensity change in the transmitted pulse from the other side 

(opposite to transmitting side), the present system.. does it 

by receiving the return echo and judging it only by'its transit 

time. In this way, it resembles with B..scalning`.. 

Another point worth noting is that though the present 

system converts the transit time into a signal to brightness 

modulate (z-modulate)the CRO, the conventional B•.scan and 



C-s Can images have z-modulation signal through the conversion 

of amplitude. of echo pulses into brightness signal. This speci--

fi.c feature enables the present syster to present more infor-

mations than the other two scan images,, It can distinguish 

between the flaws of near and farther locations; in oase°,' 

the near flaw does not masks the further one. Using this fea'-

ture it is best suited to complement and even present a 

comparable result with the X-ray radiography'. 

The electronic circuit is almost similar to the con-

ventional B;.scan and C..scan imaging systems'. The elements of 

analog processing. and digital processing units are designed-

on the basis of scanning mechanism used. for mechanical scanning 

it should have some specific featires while, for electronic 

scanning the requirements are different. Chapter IV clearly 

describes those requirements -. 

The present system-  ' based on pulse - echo technique' 

uses the linear scanning mechanism(section 4,3.2X. The linear 

motion is provided by the stepper motor movement controlled 

by microprocessor. The system is of contact scanning type-

since the transducer, here. is in direct contact with the test 

piece. The transducer movement is automatic i.e:. controlled by 

the system itself. The system is programmed and configured 

in such a way -  that without proper coupling, the movement of 

transducer is not possible and hence no further scanning can 

be carried out. 
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The system is a non-real time imaging type since during 

scanning no display is observed: This is seen only after the 

completion of scanning-. This limitation here, is only due to 

the CR0 because it is a norir.storage type. Thus, it can be 

converted to a real time imaging system using a storage type 

of CRO,. A slight modification in the software  is needed to 

accomodate the storage of information and subsequent display°. 

In an ideL sense, we can not get the real time imaging 

system because there is always some time delay between 

transmitted signal and the received signal and associated 

processing units also°,cause some delay. But, according to 

the definition (section 4'.3.3) it is possible to get a real 

time image from this system',' also,. 

The transducer used here, has a diameter of 15 mm 

and its natural frequency as 2.5 MHz at which it produces 

the ultrasonic waves. The generation and - reception of the 

waves is entertained by same transducer. The transducer has a 

low damping. 

The most important feature of it is that it utilizes 

the digital computer technology for most of the .  activities-. 

This facilitates generation and storage of the position signal and 

processing and storage of transit time information.' 

5 6 RS LTS AND C01 NTS 

The system has been tested on a self-•made' test piece' 

having an:--imaginary flaw in its centre part. The presence of flaw 
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and its approximate shape towards front is viewed as the 

brighter portions in the image on CR0 screen,. For the test 

piece here, the image achieved is shown,in photograph P10• 

The image quality is not a very good one. The main limitation 

lies in two facts; the first one, is the diameter of the 

transducer (here 15 mm) and the other, is the memory storage 

area (only 1296 locations available). The memory storage coag. 

be increased easily but the transducer diameter remains a 

limitation-.: Although, the image seen at CR0 is made of 

deserete points,: it gives a good idea of the flaw shape`. 

The scanning process is somewhat slow•, due to invol-

vement of a long delay between steps of the movement of the 

transducer. This slow scanning is necessitated by the large 

inertia of the stepper motor. However, at present, the fastest 

scanning speed, possible with the given stepper motors, has been 

implemented. 

The square pulse. generated (pulse repetition frequency), 

is shown in photograph P1. In the photograph P2  and P3, _ the 

differentiated signal (negative going edge clipped off)-,' . fed 

to the transmitter can be seen. The pulse repetition frequency 

is .4'OHz and the pulse width is ZZ$O s.. Amplitude variation. 

of transmitted output fed to the transducer can also be observed 

in the same, P4 	and P3 photographs. When the probe is not 

connected, the transmitted output is 30 V. It reduces to 'Q V 
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When the probe is connected across the transmitter -. The 

impedance mismatch at transducer input and output ,stages 

(receiving stage) plays a great role in such voltage drops, 

The voltage, however, here is at its best possible matching 

condition. 

The receiver output (after the first stage of ampli 
fication) is shown in photograph P4&  The final output is 

also seen in the same 'photograph. This shows the presence of 

received echoes. The various input and output signals a-t- 

different stages of digital processing unit can be viCwod 

in photographs PS s P6, P?  and P8. A special signal h- boo n 

generated for ANbing the output rectangular pulse -  roduced by 

the pulse converter). This particular signal, nowbecaries the 

limiting factor for the system resolution replacing the other 

inherent limiting factors, such as,transmitter spike Pulse 

duration, damping of the probe and bandwidth of the amplifiers 

used as receivers -. Interval pulse for different flaw locations-, 
is seen in the photograph P7  and P8.- A comparative view of 

these presents the obvious distinction between them lying in 

its transit time (Here', pulse duration). 

The position signals for x and y -axis movements 

(coordinates) are in the shape of ramps . One ramp of the y-signal 

consists of 32 ramps of the x-s .gna7.-. The complete experimental 

set up can be seen in photograph P9. 
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CHAPTER . 6 

CONCLUSIONS AND DISCUSSIONS 

The ultrasonic imaging system, developed by the 

authors is an effort to explore the diagnostic area of 

ultrasonics in industrial non-destructive testing appli-

cations!. The non-destructive testing is a most challenging 

field for research and development requiring states of 

art in electrical engineering technology. Thusit requires 

fundamental advancements to provide a better means for 

characterising material .defects to give metallurgists, 

the detailed information necessary to access the failure 

potential of known anamalies!. 

The developed ultrasonic imaging system based on 

pulse-echo method gives better results when compared with 

the B-scan and C-scan imaging systems. 

The transmitter voltage,here', required for deep 

penetration is much less than any other earlier pulse 

echo systems-. Thus, it completely removes the hazardous 

effects caused by the high voltage,. The complexities 

encountered in generation of position signal through analog 

devices have also been eliminated by the application of 

digital computer technology (Microprocessor-8085 has been 

used as the central processing unit). It further removes 

the requirement of external,clock, generating device since 

the clock,here, is generated by the CPU itself'. The CPU 

also controls the movement of scanning mechanism and thus 



the position of transducer.pne important factor associated 

with the system is that it never produces undesirable infor-

mation about the flaw because the scanning of the further 

points is carried out only when the transducer is properly 

coupled to the present search point and oollects the in-

formation regarding the presence or absence of the flaw. 

The reception and storage of transducer position 

signals is quite easy. The interrogation at particular search 

point is free of any complexity'. When the entire region of 

interest in test piece is scanned,stored data is displayed 

on CRO, which shows the internal structure of the test 

piece(only for the region scanned) towards its front side. 

In case the near 'flaw masks the further one-, no information 

regarding it can be observed. This is the limitation of 

the sound wave propagation and is an inherent drawback of 

all the ultrasonic imaging systems'. The shape of the flaw 

at different locations can be realized by viewing the brighter 

and darker spots in the image on CRO. The image, obtained 

by the system, is in form of a matrix of spots, This can be 

converted to a continuous picture with the use of focussed 

transducers (having is focussing area in fractions of rnra) 

and a large memory area ( for its image storage) -. 

The another scheme developed is A-scan providing flaw 

location in numerical readout. The digital indication in this 

system improves readability. The conversion of transit time 

into digital counte facilitates further extension of the scheme 
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for process control purposes,, The accuracy of the system 

depends upon its calibration to particular material velocity 

and the design of clock signal utilised for counting. For 

the present system',' the calibration is meant for the brass 

material only -. So,all the informations received •re valid only 

for brass material'. The system is enabled to detect the 

flaws in other materials giving its exact location by chan-

ging the calibration. t The incorporated counting method 

eliminates the error arising out of additional time constants 

encountered in the integration method.. The system thus has 

a very high speed of response'.' The resolution of the .system 

can be improved by using a transducer of low ,.damping'. The 
pulse length of the transmitter output, which is the another 
factor for deciding the resolution limit,; can. also be reduced 

by employing a higher supply voltage and a lower value of 

capacitance in the transmitter circuit to achieve a better 

resolution. 

Test .00nditions limiting ttx: application of this ultrasonic 

imaging system are 

1°. 	Unfavourable sample geometry e, g. size, contour, 

complexity and flaw orientation-. 

2'.- Heterogeneity in interval structure e-, g'. grain size 

structure porosity, inclusion content, or 	disporaF  1 

particles. 

3'." Improper coupling-. 



SCOPE FOR FURTHER WORK 

The most important scope for extension in the present 

system is replacement of the flat transducer by the focussing 

transducer of a very law .focus sing area so as to increase the 

resolution of the system,. The availability of a large memory 

area for data storage can provide a fine picture instead of 

a dot matrix. 

Replacing the entire search unit (including.. its 
positioning arrangement) by a linear stepped array ( or 

linear phased array) the system can produce results comparable 

to x-ray radiography,.] In this way-,:. it can serve a better 

purpose since it encounters no hazardous effects caused by 

exposure to x-rays. The present imaging system #which now 

is a non-real time type, can- be converted to a real time 

imaging system by employing a storage type of CRO in place of 
a non-storage type presently used. In such a case, it will 

be able to produce a moving picture of the test piece scanned 

in the pattern of transducer movement.; 
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