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'EFFECTIVE ULTRASOHIC BEAM" CHARACTERISTICS 
AS THE BASIS FOR OBJECTIVE 

KPT SPECIFICATIONS 

by R. SAGLIO, A.C. ?ROT 

Commissariat 1 X'Energie Atomique, France. 

S U M M A R Y 

Present ssthcds of ultrasonic nan destructive testing are rat 
convenient for nuclear safety purposes : inservice inspection for instance 
requires the use of valuable information, that is, having sufficient ability 

. to describe the actual state of the structure under test. This means that 
the results of the tests undertaken during periodic inservice inspection 

; most have specific characteristics : as the main objective of these tests 
is to determine if an existing defect has grown or not, or if a new defect 
arises, a good long term, reproducibility is mandatory. Similarly, a good 
knowledge of the position, shape, size, nature of the detected flaws is 
necessary, for further objective interpretation. 

Present specifications are partly, if not entirely, arbitrary in that 
for instance the evaluation of the defect size is made frcm standard flaw 
consideration», which are far frra being entirely objective, even when using 
sophisticated automatic scanning systems. 

New draft specifications will have to be written, making use of a 
new concept : the "effective ultrasonic beam" related to that part of the 
bean which may be considered as cylindrical, and in which the sentlvity nay 
be considered as constant within given and known margins. This concept is 
particularly useful when applied to "shaped beams" like fccussed beasts (the 
focussing effect may be obtained by means of lenses, rtLrrors,etc../ or by 
electronic means : phased array of transducers for instance). 



These new specifications will be based upon experimental 
results which are dealt with in another paper to this Meeting. They will 
apply as well for longitudinal as for shear waves testing, and qive an 
objective means to determine the flaw size with a given eir*. known accu-
rrcy. 

! 
i 

I - INTRODUCTION I 
i 

Several difficulties are associated with the use ! 
of ultrasonic non destructive testing methods. But due to the ! 
sensitivity of these methods to detect crack like defects,- they j 
are of common use in most of the advanced industries. S 

i 
The origin of these difficulties are generally j 

well known, but very often, even specialist may ignore them. In 
fact the specifications associated with ultrasonic methods are 
far from being objective, and most of them are more based upon 
practice than upon physical properties of the ultrasonic beam. 

'After reviewing what may be considered as the main 
sources of difficulties, it will be shown how the use of focussed 
probes has led to the concept of the "Effective Ultrasonic Beam" 
(E.U.B.). This concept allows an objective determination of the 
defect size with a given and known accuracy. It shows also that 
the use of focussed probes enables a good long term reproduci
bility and a lower sensitivity to defect orientation. These fu-n- ; 
damental properties are necessary conditions for establishing 
objective specifications. 
II - REVIEW OF THE PROBLEMS DUE TO STANDARD ULTRASONIC PROBES 

.These problems are different in nature. They are 
due either to the physical properties of the probe, or to the 
probe structure itself. 

2.1. Problems related to the probe physical properties » 
Let us consider, for the sake of simplicity, a 

standard cylindrical probe. It is well known that such a probe 
radiates a plane wave in a given zone called Fresnel zone or 
near field, and then a quasi spherical wave beyond this limit, 
called Fraunhofer zone or far field. 

The length of the near field is given by : 



- 2 -

D • diameter of the piezoelectric element 
X * wave length in the propagation medium at the working 

frequency. 
Similarly the divergence angle 2a is given by : 

(2) sin a > K x 5 

Considering the above formulae it is obvious that : 
- to lower the divergence and then decrease the beam width in the 
far field, the frequency has to be increased. 

- for a given frequency (\), D has to be increased. But in this 
case the beam diameter increases. Consequently the angular or 
lateral resolution is strongly dependent on the beam diameter. 

It may be pointed out that generally, when consi
dering the characteristics of an ultrasonic testing device, the 
range resolution is always considered, leading to sophisticated 
means to recuce the length of the emitted ultrasonic pulses. But, 
as far as resolution is concerned both terms must be taken into 
account : generally the angular or lateral resolution is never 
dealt with. 

Furthermore, the detection sensitivity is largely 
dependent on the defect orientation with respect to the incident 
ultrasonic beam axis. The greater the defect with respect to the 
transverse dimension of the beam, the more pronounced is this 
orientation effect. This means that even large defects may escape 
totally if their orientation differs even slightly from the as
sumed value. 

All of these physical phenomena cannot be modified 
without considering other type of probes. 

2.2 Problems related to the probe structure : 
A piezoelectric transducer, which is the most com

monly used in NDT applications is essentially a heterogeneous ^ 
system including in addition to the housing : 

- a piezoelectric disc (generally made of sintered- ; 
powder) t 

- two electrodes (bonded, vacuum deposited...) 
- a damping material opposite to the emitting sur
face 

- a protective coating or a plastic shoe for angle 
probes. 

Each of these components has its own heterogeneities. 
But others have to be considered at each interface between these 
components, so that it is generally difficult, if not impossible, 
to build two probes having the same characteristics. 
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The net result of these considerations is that as 
a rule it is impossible not only to make a correct evaluation of 
the defect size, but even to get the same results using different 
équipements or using the same equipment at different times. 

What may be considered as particularly surprising 
is the difference between radiography and ultrasonics. In one case, 
all the efforts are based on the improvement of image quality, 
on the sharpness of the focus or of the source. 
On the opposite, most- of the efforts in the ultrasonic testing 
were devoted to the improvement of piezoelectric materials proper» 
ties, electronic circuitry and so on (at least in the NDT appli
cations : a lot of very interesting work has been made in medical 
applications where a correct representation of the internal parts 
of the body is of paramount importance). 

Reproducibility of the results is also very important 
as far as periodic inspection is concerned. Similarly defect size 
determination is one of the most important goal of NDT for all the 
structures subject to severe environmental conditions : vibration, 
fatigue, temperature, irradiation... Both reproducibility and correct 
size of the defect are necessary to determine the life time of 
structures like that used in aerospace or nuclear industries 
(using for instance fracture mechanics considerations). 

Fig 1 shows what may be considered as the basic flow-diagram 
of a periodic inspection. Most of the parameters associated with 
the detected discontinuities are essential to allow a proper ana
lysis of their effect on the structure. To our knowledge no exis
ting specifications give a good approach to these problems. 
Ill - FOCUSSED TRANSDUCERS 

3.1 Introduction 
The various problems raised in chapter II, may be 

solved by the use of focussed probes. 
A .focussed ultrasonic beam can be achieved by 

different ways : 
- shaped piezoelectric element 
- acoustic lens (es) 
- mirror (s) 
- combination of lens (es) and mirror (s) 
- electronic means and others. 
In all cases the process consists in achieving at 

a given distance from the emitting surface, a concentration of 
the ultrasonic energy within a given, small and relatively well 
defined volume. For the sake of clarity, the paper will be limited. 
to the simple case of one flat transducer associated with one lens. 
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3.2 Fundamental characteristics off the focussed transducers : 
Let us consider Fig 2. Simple calculations, like 

those made in geometrical opticstaJcing into account the simpli
fications given by thé Gauss conditions, and considering the sound 
propagation in water, lead to the following formulae : 

F « R x n-l (3) 

F * focal distance 
R • radius of curvature of the lens 

V a » velocity of sound in the lens material 
V w • velocity of sound in water. 

d- \. | (4) 

d * focus diameter 
X » wave length 

1 - *M| (5) 

x • focus length. 
These characteristics are given for an emitting 

probe, d and 1 being given at the 6db level. 
Fig 3 is a quantified fac-simile record of the 

ultrasonic field at the focus of a transducer (4 MHz, D>60mm, 
F«300mo in water, used as emitter-receiver). 

It clearly shows tha evidence of a concentrated 
energy zone. This zone may be considered, at the 6db level, as a 
cylinder with diameter d. and length i 

This is a fundamental result which could be the 
basis for future specifications. 

Apart from the above result, it may be noted that 
it is possible to determine by simplecalculations all the para
meters of a focussed transducer in all the cases normally encoun-
tered during a testing operation. For instance, lenses can be 
defined in such cases i 

- normal incidence 
- oblique incidence x 



• longitudinal waves 
- shear waves 

- plane interface 
- cylindrical, spherical, toroidal interface 
- contact or immersion testing. 
In each individual cases or combination of cases 

the geometrical properties of the focus can be determined. 
The cylindrical part of the beam in which the 

sound pressure is constant (at 6db) is called 
The Effective Ultrasonic Beam" (E.U.B.) 

In fact, outside this part of the beam the sound 
pressure is very low and can never be used to get ultrasonic in
dications (differences in sensitivity may reach 20 to 30 db). 

3.3 How to use the "effective ultrasonic beam* (E.U.B.) ? 
First of all it may be noticed that this concept 

of E.U.B. is a quite general one. In fact for each type of trans
ducer such a zone can be determined either for a standard flat 
probe, or for an angle probe. * 

In these cases however the shape of the E.U.B. is 
very different from that of a focussed probe : 

- the length of the cylinder may be short 
- its diameter is generally large 
- the difference of sensitivity with the other 
part of the beam is generally low. 

This clearly shows that normal probes cannot have 
good lateral resolution. 

3.3.1. 5SB£oducib^lit^ : 

The E.U.B. of a standard probe, s«y in water, is 
normally in the vicinity of the end of the near field. Due to in-
homogeneities of the probe material (see chapter 2.2) two geo
metrically identical transducers have different E.U.B. Good re
producibility cannot be achieved. Let us now consider two focus
sed probes computed for the same characteristics. Due to the 
focussing effect of the lens, they exhibit the same E.U.B. geo
metry : in the focal zone all the inhomogeneities of the piezo
electric material are in some way averaged, giving ,rise to a, 
constant sensitivity (at 6db) . The geometry of this E.U.B. can 
be easily checked, and if necessary adjusted to match the specified 
value. In this case the reproducibility is totally achieved. 
Only one parameter may be different from one transducer to 
another : the sensitivity. 

This characteristic is clearly shown on fig. 4 
which illustrates two C scan of actual defects in an electron 
beam weldment. The shape and size of the defects are the same 



on both pictures. Only the sensitivity was adjusted from one to 
the other (see standard defect). 

This result is fundamental in that it shows the 
possibility to get the same results using different apparatus 
and transducers. The E.U.B. is strongly dependent on the fre
quency content of the pulse. But as long as the probe E.U.B. is 
the same, the lateral resolution is identical. Such a characteris
tic is important not only for periodic inspections of components 
or structures, like that performed on nuclear power plant primary 
circuits, but also for specification purposes : it gives a way to 
take into account objective characteristics of the ultrasonic 
beam. 

3.3.2 gog§ibilltyi_of_defect_slzing : 

Let us now consider curves like that of fig. 5 . 
On the x axis the actual diameters of a série of flat bottomed 
holes drilled in a steel plate are represented. On the y axis 
are represented the measurements taken on the C scan representa
tion of these holes, using a normal focussed probe. Each curve 
corresponds to a given gain setting of the ultrasonic apparatus : 
6db means a gain 6db higher than that necessary to get the first 
indication for a given hole. In other words it corresponds to a 
gain increase of 6db with respect to the gain necessary to get, 
for the defect considered, an echo height able to trigger the re
cording system. 

Fig. 5 shows that as long as the defect size is 
smaller than the E.U.B. diameter the C scan size is almost cons
tant. From the point where the E.U.B. diameter is equal to the 
defect diameter and for all defects greater than the E.U.B. dia
meter, the C scan size represents exactly the size of the defect. 

Moreover, by increasing the gain setting by steps 
of 6db, the size of the C scan increases by constant steps equal 
to half the E.U.B. diameter. 

This result is a really general one and was /e-
rified not only using longitudinal but also shear waves and was 
confirmed on several actual defects. 

This clearly shows that using the E.U.B. concept 
the actual size of the defect can be determined with a given and 
known accuracy : this is exactly the beam diameter. 

As a matter of fact, when considering an actual 
defect, if a gain increase of 6db (see abo e) leads to an in
crease in the defect Cscan image greater than half the E.U.B. 
diameter, this means that new reflecting surfaces are displayed 
by this? new gain setting. Then the gain setting must be increa
sed by increments of 6db until the C scan increase reaches half 
the E.U.B. diameter 4/2* The correct value of the defect size is 
then given by the penultimate gain value. 
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The same approach may be used with non focussed 
probes using the B.O.B. concept. But in this case the large 
"effective ultrasonic beam" diameter prevents from achieving a 
good accuracy. 

Similarly it applies to other focussing means 
(like for Instance that using a phased array of small piezo
electric elements) as long as an "effective ultrasonic beam" 
can be determined. 

For this reason, E.U.B. can be considered as an 
objective parameter, to be used for defect sizing purposes and 
thus for specifications. 

When used with focussed probes this concept leads 
to determine the exact size of the defect ; the accuracy of this 
determination being proportional to the B.D3. diameter, and 
constant with time as long as the same E.U.B. is used. 

With unfocussed probes this determination is more 
difficult t the accuracy is far to be as good as with focussed 
probes, and is difficult to be kept constant with time due to 
the quasi-impossibility to build two probes having the* same E.U.B. 
size. 

All these conclusions apply only for a given cen
tral frequency, the detectability of a defect being strongly 
related to this parameter. 

3.3.3. §22Sit^ity>_to_dejfegt..orientation s 

Another important point relating to the reliabi
lity of a NOT method, is the possibility to detect the defect 
regardless of their orientation. This is particularly true for 
large defects which may escape totally if their orientation is 
too different from the normal with respect to the beam axis. 
It has been shown experimentally in Fig 6, a great difference 
in the behaviour of standard and focussed probes. These curves 
give the echo amplitude of a defect as a function of thé angle 
of Incidence on the defect. Continuous curves are relative 
to a flat transducer, dotted curves to a focussed transducer. 
Obviously the focussed one appears to be less sensitive to 
orientation. Although a simple explanation can be found to this 
phenomenon, it will be explained more thorougly by computer 
analysis. This analysis will explain also why the contour of a 
defect may be detected, using focussed probes, with a higher 
sensitivity than the other parts of the defect even for very 
large disorientations. 

These phenomena are useful in determining the 
defect size and in that respect are important for writing spe
cification. 



IV - CONTENT OF A NEW SPECIFICATION s 
4.1 After reviewing all the possibilities given by the us» 

of the new concept of "Effective Ultrasonic Beam" (E.U.B.), it 
may be interesting to discuss what might be the content of a new 
specification based on this concept. 

First of all this new specification must be res
tricted to the ultrasonic testing , regardless cf any considera
tion on the effect of the defects on the structure behaviour. 

In opposite to most of the present specifications, 
several parameters relating to the ultrasonic beam are to be 
determined. 

- The sizes of the E.U.B. must be checked (d and 1) and 
chosen not only as a function of the accuracy needed for the 
defect sizing , but also by taking into account the surface finish 
(a relationship between the minimum E.U.B. diameter and the wave-, 
length in the material defines the minimum diameter compatible 
with a given surface finish). 

Similarly the 1 value determines the maximum depth 
of penetration for a given probe. If the thickness of the piece 
to be tested is higher than 1, thus another probe must be used 
for the remainder part of the piece. 

As in the other specifications the frequency must 
be chosen . According to equations (4) and (5) this defines the 
geometry of the probe.Once again this frequency depends on various 
parameters like attenuation,grain size, surface finish and s.o. 

Due to the relationship between frequency and 
geometry of the E.U.B., due consideration must be given to the 
frequency response of the probe : the central frequency being 
known , the bandwith has to be fixed in each cases. 

Another parameter must be taken into account : 
to get a sharp focussing effect. It is necessary to have a 
transducer the diameter of which is several times the mean wave
length. In all cases this diameter is generally higher for 
focussed probes than normally used with flat probes. Thus, the 
curvature of the piece has a large effect on the behaviour of the 
beam after crossing the interface. These geometrical aberrations 
must be considered and the shape of the ultrasonic lens computed 
as a function of this curvature. It may be pointed out that 
generally this phenomenon is not taken into account, so it is not 
sufficient to use a standard piece of the same geometry i* the 
necessary modifications of the probe are not performed. 

As in the other specification the angles of refrac
tion have to be determined, taking into account the lower sensi
tivity to the defect desorientation. 

Finally a procedure must be determined for the 
sizing of the defect. This procedure will be based on the results 
of chapter 3.3.2. For the oblique incidence the £ scan represents the 
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projection of the defect contour modified by the refraction angle. 
Thus a correction has to be introduced. 

4.2. Standard pieces : 
The concept of "Effective Ultrasonic Beam", effec

tive, that is homogeneous with respect to the ultrasonic pres
sure and having known and measurable size, has led to the solution 
of an increased and known resolution. 

It has been shown that using focussed probes, the 
sensitivity may be different with two probes having the same E.a.B. 
Thus it will be necessary to check, and to adjust this sensitivity 
to achieve a proper reproducibility. This might be obtained by 
the use of standards pieces having artificial flaws like cylin
drical or flat bottomed holes. 

The major difference with the other specifications 
is that this calibration will be only used to adjust the sensiti
vity. In no cases it will be used for defect size determination. 
In fact, it has been shown previously that absolute amplitude of 
the signal has no signification with respect to the defect si?e. 
This is one of the major advantage of this new concept. 

The feeling that amplitude is not a proper parameter 
to be used for defect size determination is now widely agreed 
with. It may be pointed out (réf. 7) that new analytical con
siderations seem to prove that if it exists in the ultrasonic echo 
signal any information relating to the size of the defect, in no 
cases the amplitude is part of this information. This analytical 
result as well as the use of focussed probes see;os to show a new 
orientation in the ultrasonic testing data processing methods. 

Coming back to the specification, the next step 
would be to check and calibrate the E.U.B. dimensions. Another 
set of calibration blocks must be used for this purpose. The 
standard defects can be flat or spherical bottomed holes as long 
as their diameter are less than the E.O.B. diameter (see above 
chapter 3.3.2.). Three holes are necessary : 

- one at the focal distance (taking into account the cou
pling medium : water for immersion probes and plastic medium 
for contact probes). 

- one at each end of the focal length. 
V - CONCLUSIONS J 

It has been shown that using iJocussed probes leads 
to a new concept called "Effective Ultrasonic Beam" (E.U.B.). 
This new concept may be extended to other type of probes. Using 
this new concept it is possible to build up new objective speci
fication. They are called objective because they are based only 
on transducers measurable parameters. 
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nils new concept clearly shows why standard non 
focussed probes are not suited to defect size determination. 

Conversely, focussed transducers have several 
advantages : 

- they can be computed for a given E.U.B. 
- they exhibit excellent reproducibility 
- they arc less sensitive to defect orientation. 
Specification written on the basis of the new 

•concept should be useful for defect size determination, special
ly in the case of periodic inspection of structures. 
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