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ABSTRACT

In this thesis, nondestructive testing of materials
using Ultrasonic technirmes has been investigated. Especially
the determination of the gmality of concrete, how the sonic
wave behaves in concrete, relation of acoustic velocity to
Elasticity Modulus and to compressive strength, and other
problems of testing proced re have been examined.

Aﬁ instrument is built up for this purpose which is designed
to measnre the transit time of sound propacation in a medium
betwe=n two "N trasonic Transdrcers and to display it in .
microseconds., Thus, the velocity of sound in the medium can
easily be derived., If the medinm is concrete, then, from the
velocity the gnuality of concrete and other parameters can be
determined. The instrument in fact can easily be adapted for
transit time measurements of other kinds of materiale or media

for testing pvrposes. ’

The instrument basically consists of transmitter and receiver
cirorits, counter, control unit and transducers. With the start
pvlse the circrit starts counting and at the same time the

Mltrasonic wave is transmitted. With the stop p-lse which is

created after detection of the sonic wave, counting ceases and



the time elapsed occirs on the digital display. The instrument
also makes it possible to locate the depths of the flaws inside
e.g. cracks, and to determine thickness, if sownd velocity

in the sample is known.



INTRODJCTION

Generally, to determine the mechanical properties of a given material,

the mechanical method is the most direct and ready to hand. To determine whet-
her a shaft is cracted inside, it can be stressed by tension or bending until
the crack manivests itself by an open break, This is a mechanical but unfor-
tunately destructive test. In the same manner, the disadvantages of the stan-
dart method of testing the quality of concrete by crushing test cubes are well
known and have led to a large number of attempts to test the sirength of con-

crete by non-destructive means,

M trasound offer, for the same purpose, non-destructive methods which
basically likewise use mechanical stresses produced by tensile, compressive,
shearins, or flexural forces bvt which are of low intensity. By Ultrasonic
non-destructive methods, severa} tests can be made in many kinds of material,
such as flaw detection on metallic specimens, heavy forgings, worked parts
of machines, railway ﬁaterial, plates, semi-finished products as rods, bil-
lets and wires, pipes and cylinders, castings, welded joints, stecl, iron,
copper and its alloys, aluminium; non-metallic specimens as every kind of
concrete constrnction, porcelain, glass, plastics, rgbber, natural rock,

wood, leather, bacon and meat. (1).



Sound is propagated in the form of a mechanical vibration of the particles

of the medium thrOugh which it travels. If the particle vibration occurs in
the direction of sound propagation then this is called the longitudinal wave
if pcrticle motion is perpendicular to the direction of sound propagation
then transverse waves are created. Transverse waves occur only iﬁ solids,

The human ear is sensitive to sonic frequencies in hetween 10 Hz to
approx. 16 or 20 kHz. The frequencies above 20 kHz are inaudible to human
ear, and are referred to as Ultrasound or Ultrasonics. TUlirasonic waves oc-
cur in nature and in daily life, e.g. in the case of steam whistles, a rota-
4ing grindstone or jet engine, Ultrasound is gererated at frequencies of
above 100 kHz or even up tolO MHz, (1)

The velocity of sound depend on the elasticity and density of the
mediun it travels through. Simply,

V= _E_ E = Klasticity
¢ ¢ = Density

IBlasticity is the measure of stiffness of the elastic connection between
the particles of a material. The stiffer the material the higher the elas-

ticity is. Typical sound velocities in various media are, (m/sec) (2)

Air:s 331 -~ 340 Water: 1430 Seawater: 1531

Plastic: - 2500 Steel: 5000 Marble: 3810

Wood(dak): 4100 Concrete: 2000 - 4500



In order to convert electrical signals to mechanical movement or
mechanic=1 moveménts to electrical signals! a suitable transducer is needed,
Some very suitable materials exists for this job. These materials are called
Piezoelectric, Some Piezoelectric (PE) materials are natural and some are
synthetically made, Naturally occuring materials are quartz, rachelle salt,
and tourmoline, Synthetically produced PE materials include, Barium Titanate,
(BaTiO3), Lead Zj.roonate.(?’bh’b’l‘io3), Lead Niobates (3) Of the natural ones
Quartz is the most often used. Synthetic PE materials vibrate in the direction
it was poled., Its P® property exists only between the original poling elec-
trodes it was poled with. PE materials will loose their PE property with
mechanical or electrical ~se, In quartz this loss is the minimum, in syn-
thetics this is very apparent. Thus, PZ materials should never be subjected
to excessive mechanical or electrical input.

Another way of creating Ultrasound is Magnetostrictive Sound Gene-
ration., Magnetostriction can be defined as the change in dimensions of a
ferromagnetic material whén subjected to an alternating magnetic field. An
apnlied a.c. field will cause physical contractiorn and expansion in synch-
ronism with the applied field. Suitable materials are Nickel-Iron, pure
Iron and ferrites,

Acoustic velocity is independent of frequency, but the penetration
of sound into diffrent kinds of material depend on its frequency to a great

\extent,,e.g. Hizh frequency 7ltrasound will not travel in air.



I. THRORY OF NON-DESTRUCTIVE TESTING

1. KETHODS OF MATERIAL TESTING BY ULTRASOUNDS

The most popular of the several methods used for non-destructive
tes ing of materials by Ultrasonic means re (1),(4),(5) :
1.1. Resonance Method.
1.2, Tntensity Method,
1.3, Pulse-echo Method.

1.4, Pure Transit Time Method.

1.1. Resonance KMethod:

In this method a movement at its natural frequency is applied to
the specimen. The frequency of the exciting wave must therefore be changed
continously until resonance occurs. The oscillation amplitude is highly
increased by the effect of resonance, By the density and the resonance
frequency the dimensions and the elastic properties of the material, its
Elasticity Modulus, Poisson Coefficient can be stated. This method ﬁeeds

to much of expense and is used under certein circumstances in lLab. experiments.

1.2. Intensity Method:

In this method, the intensity of the Ultrasound is measured after
it has passed through the test piece. At the flawed point the propagation

o{ the Mtirasonic wave is impeded‘by the discontinuity in the material ,
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rarts or sides of the specimen , is needed, The freguency should be much
lower then in echo method so that a small enoﬁgh damping can bhe created

and with this ‘he sonic pulse can penetrate through the material under

test. This is so because at low frequencies Ultrasonic waves can refract
easier at small obstacles and holes than at shorter waves. But on the other
hand the beam sharpness becomes so bad that practically the source can

be assumed approximately spherical, If the sound velocity in the material

is readily known by measuvrements at the not dfected parts, then the existence
of a flaw can be determined by the extension of travel time, i.e. décrease
in velocity in the material, Because the sonic wave goes around the obstacle
or hole the travel path gets longer. (fig. 2.) Then the elastic properties
of the material are determined by the acoustic velocity through it. This
method is suitable for testing of materials with normed sizes such as test
cubes and also various construction elements such as, every kind of concrete
construction, rock, road surfaces, fiberglass and other artificial materials,

glewed pieces and constructions of wood.

The instrument that is built works on this method,.
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2. BASIC PRINCIPLES OF ULTRASONIC WAVES

2.1. Forms of waves:
If the density of the solid is 'g' and the velocity of the wave

for a long rod shaped solid 'V', where the elasticity modulus is 'E!

e.2., Let the density and the elasticity modulus f a concrete composed

of lar e grains of sand be respectively,

g = 2500 kg/m>

10

0 3
2
E = 4.10 N/m V=

4.101 g.m.m
0,25.104 g2.m% ke

V= 4.103 m/s = 4 km/s
The reletion between V and E for a specimen that its length is greater
than the wavelength, is not so simple. Poisson has shown that (l), in
an infinitly wide physical mediwm two different kinds of waves mey exist,

One is the Longitudunal Vave which its velocity is,

E -p)
L g " (1+pQ -2y

The other one is the transversal weve which has less velocity:

V = E . 1
€ 2(1 + )
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P is the Poisson Coefficient and, R = 0,2 for the above mentioned concrete,

/ B
VL = 1,05 'g—' Longitwdinal Wave.

VT = 0,65 ‘—E— Transversal Wave.
g .

For p = 0,2 ,

This shows that the Longitudinal Vave is 5% faster, whereas the Transv rsal
wave is 35% slower than the compound wave. For this reason the instrument

only measures the Longitudinal wave. (fig.3.)

242+ Group Velocity:

Since the Ultrasonic instrument slwaye deesls with the front face
of a sonic pulse, then the instrument actually measures the group velocity
of the material under test. This velocity is the velocity of the envelope
of the pulse train. However, do not show any dispersion at usable region.
This means that since the velocity of the sonic wave is independent of
frequency, the travel time of the group is identical to that of the sonic
wave, for the instrument this definition means that the pnlse velocity is
equal to the velocity of the Longitudinal waves., That is roughly the
"Ultrasonic Velocity". This définition makes it possible that for VL the
PBrmula above is still wvalid for any kind of normed size materialor a

costruction element. The path and the kind of measurement is important
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here with the condition that the sonic pulse can be recorded by the

receiving amplifier.

2.3. The frequency of UJltrasonic Wav-es

For an eiact meas rement of the travel time, the pulse edges should
be very sharp. This means hich frequency. But in heteregénous materials
only low frequencies can diffuse to acceptable depths, whereas High
frequencies faint away rapidly. The solution of this problem is to find
the optimum frequency. Frequencies between 20 to 200 kBz is acceptable.
A, the ﬁavelencth is in between 2-20 om's for a concrete of V=4 km/s.
Experiments has showh that frequeﬁcies between 40-50 kHz (A = 10 cm)
are very appropriate,

"hen the distance between transmitter and receiver is extended
~the amplitude of the front edge of the pulse decreases. The reason for
this are the waves that are reflected from the particles on the way or
" from the sides. The reflected waves that reaches the receiver at different
times and with a phase difference causes interferences, (Fig.4). In the
figure three waves trains with equal amplitude with a phase difference
of 60° are shown. If these waves are superimposed, & curve train is obtained
but the front edge will approximately be half of the sharp slope of the

later oscillations,
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3. TESTING OF CONCR3ITE.

3.1. Effects on the Travel Time:
The measurement of travel time can be effected by the following
factofs:
a) The widthwise dimensions of the tested m=teriel
b)’Existence of steel.

c) Moisture in concrete.

‘a) Sound velocity means the longitudinzl waves as described in 2,1. .

However these waves can occur only if the width of the sample is larger
than the waveleng%h. It is almost always in this way. Otherwise for thin

rod shaped samples,

Ve |-E T vaIEE
£

b) Effects of parallel steel rods has been examined by Jones and Pohl.(5)
It is shown that, sound Qelocity is a ffected by steel rods to the distance
of 6 to 8 cm's, Value of the VL increases because the sound velocity

for steel is approx. 5 km/s, which is greater than that of concrete.

To giye reliable correction values here is naturallx difficult. Put
usually the adherence between steel and concrete is so weak that the
effects of steel is not even noticed.

¢)Sound velocity is also affected by moisture. For instance for a little
hole inside sound velocity increases from 340 m/s to 1500 m/é when it

is filled by water. (5). Fig 5. shows the dependence of velocity to % moisture.

i




v

3.9

3.8

3.7

8.6

35

km/e
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Mot ture

Pigure 5, %ffect of Moisture on sownd velocity in concrete.
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3.2. Tests possible by Jltrasound:

The pulse velocity in a material depends on the material density
and its elastic properties, These properties are in relation with the
quality of concrete and its Compressive Strength, For this reason it is

]

possible to have results about several properties concerning concrete

by the help of velocity measurements.

3.2.1. Measurement of inhomogenities:
The measurement of the hole vo}umes, or cracked parte in a concrete sample
which contains grains of gravel is made by the method in Fig.2., and is
successful if the flawed part is larger than the wavelength. On the other
hand flawed parts at the surface can be located by the indirect method,
(see rig.), as in Fig.6. In this way for the travel times measured
according to the path lensth, a linear line does not occur because the

sound velocity at the flawed region is relatively low. (4),(5).

3.2.2, Keasurement and caloulzation of crack depth:

The same method can be helpful to determine the location of a crack,by

the rapid jump on the travel time curve as in Fig,6. The depth of this

crack, can be determined by the time t2 y which is the time needed by
the longitudinal wave to turn around the crack.(Fig.?.). In all cases one
should know the time tl, for the same path 'S , at an unflawed part of

the concrete sample. The crack depth " h " is given by a simple relation,

Y
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Figure.7. Schematic for calcmlation of Crack Depth.
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h-% (£2) - 1

(See app. )
e.g. Let the distance S be 40 cm, tl = 40 uS, t2 = 50 uS. Then,

h= 40 = 20 /!.252—1 = 20+ 0.75
2
he 45cm

3s2¢3. Effects of content changes by time:

a) Fardening of Concrete:

The beginning of hardening of concrete can be determined easily
by measuring the travel time. A slight increase in velocity is noticed,
by the beginning of hardening.(4). In figure 8., the change of longitudinal
velocity by age is plotted. This curve is obtained by testing the
longitidunal velocity in test cvbes and immediately afterv}ards_crushing

the cubes in a cube crushing machine. (4). It will be seen that there is

initially a rapid increase of the wave velocity at early ages znd then
a more gradual increase at the greater ages.

b) Effects of freezing and fires
Freezing cases the velocity to decrease; (5)s In the sam way sound

velocity decreases by effects of fire. In figure 9, the change in velocity
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by fire effects is plotted.

3.2.4. Determination of Elasticity Modulus:

Dynamic Elasticity Modulus of a material under test is solved
from longitudinal wave velocity, and by substitution in the previous

- equation;

[= V&. ? (/4'/“)-(/"‘2/‘)

Since Elasticity is proportional to the square of the velocity, then

velocity should be measuréd as exact as possible, because the error in

E increases two tim;s. Other than velocity, density"f y and Poisson

Coefficient P shogld be known for the determination of Elasticity.

Poisson Coefficient and density are accepted to be related with age and

moisture of comcrete, Poisson coefficient ie inversely proportional to

the weight, age, and dryness of concrete., It is approximately 0.5 - 0.1.

for & normal, 30 daysold concrete » 0.25 with a reliable apéroiimation.(5)
3.2.5., Compressive Strength: |

Different authors has given sevzeral formula for the relation between

Elasticity modulus and Compreséive Strength according to the sound velocity.(S)

But generally the following formula were proved to give sufficient results,
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CONPRESSIVE STRENGTH = a. V4

= 1l/k. 5 (5)

Here a and k cofficients can have very different valnes due to
the kind and quality of aggrerate, age of conérete, and water contained,
For this reason for every different sample that is being tested it should
be determined especially. One can say that, without knowing the contents
of concrete or reference samples, it is not possible to determine the
exact strength of the concrete . But on the other hand, if sequental
tests are made on the same kind or serial concrete samples, then very

sensitive results can be derived.
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4. GENFRAL RESULTS AND PROBLENMS QN CONCRETE TESTING

s a’swmmary, checks on defects and strength are of great interest
both in large concrete structures as well as in mass production on pre-
fabricated ''nits, The intrinsic inhomogeneity limits the frequencies
which can be used for the p-rpose of testing to 100 kHz and less where
probing distances exceed 1 m, To obtain a sharply collimated beam the
transdncer used for concrete would have to have a diameter of‘approximaéely
350 mm at 100 kHz. A transducer of this size could be obtained by a
mosaic of crystal plates, But uniformcoupling would be very difficult
particularly where the surface of the specimen has to be scanned over
rather large areas., In practice therefore probes which are not much
larger than the customary on.e are usually used and thick oil, grease,
coupling paeste containing water, glycerine, kolin slurries, soft soap
and similar Substaﬁces are used for coupling. Occasionally the probes

ere also attached by means of plaster for instance where observations

over a long period are reqnuired,
The contact face naturally radiates other wave modes becijes

lonritvdinal waves of appreciable density. Astrongs surf2ce wave can always

be assumed, which results in many disturbine ecroes of uncontrollable

direction and orisin being obtained with the echo method that this
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this technique can rarel& be used, As a rale therefore one uses two probes
with pulse trznsmission, The fastest wave received in this way is then
:1ways the direct longitvudinal wave as stated before. (Fig. 10.). This

is followed by the transverse and surface waves which depending on the
shaped of the specimen, énd may be disturbed by the reflected longitudinal
waves. (1)

For quality tests on concrete one measures primarily the longitudinal
acoustic velocity. (2.1.) “Ising the aséociated formulas one can czleculate
from it , Young's Nodulus if poisson's ratio is known. This however,
varies greatly. (3.2.4.). 0.1 to 0.2 for dry old concrete; 0.3 to 0.5
for wet ones. (0.5 for liquids) (1)

In practice however Younz Modulus is less important as a criterion
of the guality of a given concrete than the compressive strength and
flexural strength.

4.1. Rules related with Acoustic Velocity and Quality of Concrete:

After setting, the compressive strencth is proportional to the

acoustic velocity, as confirmed by measurements,
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Figure 10, Testing concrete by pulsed sound transmission,
and detection of Longitudinal, Transverse and

suwrface waves,
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Where only rough measvrements are of interest, it is believed that none

of the many influencing factors, setting time, mix, (i.e. cement, sand,
ageregate ratio by weight), type of aggregate, water cement ratio, moisture
content etc. need be taken into consideration.

The following gradient can serve as a rule: (1)

LONSITDINAL _VZLOCITY QUALITY OF GONCRETE
"above 2.6 . 10° n/s VERY GOOD
3.6 = 4.6 km/s 500D
3.0 - 3.6 km/s " HODERATE TO QUISTIONABLE
2.1 - 3.0 km/s BAD

below 2.1. 10° m/s VERY BAD
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Approximately 3.6 *o 4.0 is regarded as the lowver 1imit of a still
acceptable quality. Figure 11 gives some values meas red by Jones and
Gatfield on various concrete mixes with river gravel as aggregate.ysoth
the tyfe and éuantity of aggfegate are thought to have a decisive
influence on the aconstic velocity so that dednctiﬁns concerning the
stren-th would be pefmissible only if the content of aggregate is constant

and known.

¥

4.2, Other results:

The reinforcement has a slight influence on the acoustic velocity

1

onlr it sound beam.happens to be coaxial with very thick reinforcing
steel rods above 20 mm in diameter. (3.1.b.). This increases the velocity
slightly, which may simnlate a slightly creater strencsth,.

Duriﬁg setting , botp the velocity and the strensth increase rapidly
and proportionzlly. Measurement of the velocity thus offers a possibility
when concret§ components are mass produced, e.Z-. also pre—stressed

components, rapidly determining the instant when the strength is high

enongh for the shuttering and the prest.essing to be removed, or trans-
porting the component., Both are of economic interest.

The velocity follows the compressive sirength where it has been

reduced by freezing and thawing periods.
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Cracks in concrete structures (3.2.1.) vere first determined by
means of Jltrasonics in 1939's , on reinforced concrete beams by the intensity
method. The disturbances by interference while using continous sound are
now avoiled by pulsed sounl -ransmission. By this ﬁeans it is possible
to deducé the presence of defects from the decreased intensity, without
being able to determine the depth on large concrete structures accessible
I'rom both sides, such as dam walls and storage tanés . But it cannot be
concluded that these effects are cracks, shrinkages or inclusions of
foreizn bodies bgcause the areas poor in cement, stroﬁ;ly weaken the
sound. If there is a .defect in the sound path when sound transmission
is used, the acoustic velocity is also changed by the detour around the
flaw,

Surface cracki which‘are not visible to the naked eye or whose
depth has to be measured are determined as follows: (3.2.2.)

One measures the transit times between a number of measuring points on
the surface afranged along a straight line from the fixed transmitter.

If the distance is plotted against it, as in figure 12, a sound-concrete
structure givesba straight line whose gradient corresponds to the uniform
acoustic velocity. Cracks transverse to the measuring line, force the

11 trasonic waves to make detours. This increases the transit time the



32

TN e
1 So Q -
| Sa_ £
0
|
| (
!
|
-
|
|
l . "
Y
—
=
.
§ #"Q.e
%/
) X
3
& % Y AN
- T
; SE S
® b N
’ N
§ S35
N N
\\—%‘s.
N \ﬂ\t
\‘ Y
Y N
8 B \%;
% AN
£ S
P-
/a'ib -

Fignre 12, Proparation Diagram according to Dawance(l), with
crack in path of sound wave., a= 0.7 m, b »« 0.4 m,
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deeper the crack, The curve shows bends from which one can deduce the
position and aepth of the crack. This presentation also enﬁbles one to
r ecognise whether the layers of different strength are superimposed or
whether the layers are not bbnded catisfactorily, e.g. &s a conéequence

o casting errors. It is also possible to calculate the crack depth.(1),(5).
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5. THE PROBES

The probe contains the Piezoelectric Transducer which converts

‘high,frequency voltages into Tltrasonic waves., In a normal probe these
waves are hormal to the radiating surfade, i.e, they enter the surface
of the specimen at right an-les., In the most simplé application the
piezoelectric platq is wetted slightly with a ligquid and pressed against
the surface of the test piece,the electric pulse being placed on the
metallized ﬁick of the plate. A

‘ If no-particularly sharp pulses are required the crystal plate
wetted with 0il can be pressed from the inside acainst the flat bottom

of a metal cup so that it radiates through its bottom into the test piece.

For most practical applications,

-

particularly fn the case of‘single probe
operation, the iransducer plate can then be used directly or via an
intermidiate layer for making contact with the test ﬁiece.

The damping body in figure 13. hzs several functions, In order
to damp the oscillations of the crystal sufficiently its acoustic impedance
should be high., It could consist of solid and h2rd materials such as
porcalain. It should also absorb the waves which cannot be prevented
from entering it, not to produce interfering echoes. The acoustic impedance

can be increased by admixing metal powder 2nd the absorbtion can be
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‘increased by adding finely sround materials, If the content of admixed
metal powder is high, the damping body can attain sufficiently high
electrical conductivity for the high frequency pulse. In the case of
quartz the electrode can be omitted but the damping body must be mounted
irsulated., However Barium Titanate, with its high dielectric constant
definitely requires a metellic electrode directly on the PE plate. (1)

The problem of matching the transducer to the material of test
piece by means pf intermidiate layers of gradually changing acoustic
imp?dance can be solved with several layers in which the acoustic impedance
decreases from layer to layer. Ideal matching would mean méximum sensitivity
without lengthening the pulse by internal reflections, If only single
layer is used, its thickness should be a quarter wave length and iis
acoustic impedance the geometric mean of the acoustic impedance of the
continuing materials, that is,

12 .

¥Most probes have circular radiating surfaces with diameters‘of approx,
5 to 40 mm, Diameters larger than 40 mm are no: suitable for most test
problems because of a corresponding flat contact surface is not available.
The disadvantage of smaller diameters, which is the case in low frequencies
for large 2/1) values, is the' greater radiation of lateral tranéverse

waves 2nd surface waves, (Fig.14), as well as greatly reduced sensitivity.
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6. PIEZOILECTRIC PLATE WITH PULSE EXCITATION

Adequate number of oscillations is particularly import:.nt when
transmitting\short pulses, In the echo method for example the length of
the pulse may prevent the detection of flaws near the surface and pulses
of minimun duration are theréfore desirable, At high frequencies these
pulses may have a large number‘of oscillaticns, But on the other hand
the damping of most materials increases with the ffeqwency. It is there-
fore necessary to generate and transmit pulsés at frequencies which are
not excessively high and with a minimum number of oscillations. Zven
it may be useful to produce complete aperiodic shock pulses,

Let us consider various types of electrical pulses and investigate
how the piezoelectric plate behaves in these cases. First let us take
an alternating voltage traiq with 10 oscillations at the characteristic
frequency of the plate. At the beginning and at the end this trazin suddenly
disappears. Because of ifs inertia and the elastic forces, the plate tends

to resist any sudden ¢ anges and smoothes them out at the beginning amnd

at the end of oscillation by build up and decay pocesses. The actual

oscillation of the plate is therefore composed of the motion of an
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inertialess plate subjected to the influence of voltage plus the transient
oscillations. In figure 15 curves (a) and (b) should therefore be added
so that the actval oscillation of the plate is obtained in (c¢). I have
observed this phenomena during experiments,
Since short pulses are particularly important in non-destructive
testing, the basic rule concerning piezoelectric plates operated as
t ransmitters, by a more rigourous treatment of the plate which make it
possible to construct correctly the pulse of the sound pressure for
arbitrary exciting voltages by using a rather simple method exists.(1),(%)
If an arbitrary voltage is applied to & piezoelectiric plate, sonic
pressure waves radiate simultaneously fro& both surfaces. They travel
into the plate as well as into the materials coupled to it externally,
but inside the plate their phase is opposite to that ovtside. Their
amplitudes depend on the acoustic impedances of the materials concerned,
If the waves inside the PE plate strike the boundary, the rules apply
for their reflection and refraction, together with the rule of phase
reversal at reflection on sanically softer material. Further they are
- superimprosed upon each other without distortion,
Let us assume a short square wave pulse in a thick plate so that

the delay in the plate exceeds the duration of the pulse. Further let

us take the simple case of a reflection free boundary on both sides,
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i.,e. the acoustic impedances are egual, Wl=W2=W3 « The internal waves
pass without any impedance through the opposite faces and completely
leave the PE plate. Thus outside the plate two identical opposing pulses
follow each other at an interval‘determined by the delay in the plate.

In the case where the plate on one side borders the aif, and the m%tching
on the other side is no longer reflection free , e.g. wz/ Wy = 0.25, this
results in a sequence of pulses which follow each other at the delay
distance of the plate. The second pulse is always twice as large as the

first and the later pulses decrease in a constant ratio. (Fig.16,Fig.17.)(1)
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Figure. 16. Acoustic Pressure waves, excited by the voltage U as a

function of time, along the axis of a transdwcer between

two mzterials 1 and 2.
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Pig-re 17. The prlses in ~ne direction with sonically soft

matching on opposite side, The second p»lse is twice

as large as the first,



IT, THE TLTRASONIC TZST INSTRUMENT

The ltraronic Instrument has beeh developed for non-destructive
testing of coarse grained materials such as concrete and rock! and is
also capable of measuring velocities in gases.‘It employs the pure transit
time method and with a simple modification can easily be adapted for
measurements in metals., It contains transistors and integrated TTL-type
circuits., The transit time of the Ultrasonic pulses through the material
under test is read on digital LED displays. It is operated by mains or

can be operated by a battery ir desired.

1. Technical description of the circuit:

A block diagram of the instrument is shown in figure 18. A pulse
g enerator produces needle pulses at adjustable regular intervals of
approximately 1 second, This pulse triggers the transmitter oscilator
which produces the regired resonance frequency for the transmitting
transdycer, which converts the electrical pulses to mechanical pulses,
This trigger pulse is fed simultaneously to & monoflop for delaying
purposes and calibration of the instrument. One of the delayed pulses
namely the reset pulse, is sent to the decade counters in order to clear

the result of the last measurement in the preceding second, The other
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delayed pulse is fed into an SR-flipflop which is set by this pulse. The
output enables the gate and 1 MHz crystal controlled clock pulses are
applied to the decade counter and counting starts. Ultrasonic pulses
after travlling through the test specimen aré,reconverted to electrical
pulses by the receiving transdvcer. They are amplified by the receiving
‘amplifier and the first edge triggers the Schmitt-Trigger circuit of
which the output reset the SR-flipflop. Thus, the gate closes and counting

ceases,

. Therefore the interval in which this memory is set and reset is
identical with the transit time of the ultrasonic waves travelling through

the specimen. The number of the counted pulses indicates the transit time

in microseconds., The accuracy is theorctically 1072,



2. Pulse Jenerstor:

The function of the pulse generator is to prod:ce needle pulses
at regular intervals of approximately one second. The test cycle begins
with these produced pulses., It triggers the transmitter oscillator and
a monoflop simultaneo—sly. In this circuit transistor couples BClO07
and BCl77 show unijunction characteristics if connected as in the
figure 19(a). The time constant of the needle pulses i.e. the interval,
is determined by the resistors R1 and R2 and charging capacitor C.

Resistors R4 and R5 forms the bias voltage for T1 o« When the capacitor

2

voltage is high enourh, Tl turns on, and turning on T, at the same

t ime, producing a pulse to derive switching transistor T3 , 2N2222,
The voltage that I& turns on is called the peak voltage, Vb . N and

T2 together shows a negative resistance characteristic. Because the

current through transistors increase while the voltage across them drops,
(Fig. 19(b)). Therefore the val-es of Ry , R, and Ry must be so chosen

that the load line intersect the V,I characteristics of the UJT at

negative resistamce region for recovery purposes. Otherwise the UJT will
only pulse once and not recover. The bias voltage at the base of TL is

5 Volts. iWhen the transistors turn on, the voltage at this point drops
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a pproximately to zero or . round level., The latter then, as a second
output , is fed into the delay circuit, and the falling edge trigrers

the monoflop.
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3. Control Unit:

The control unit consists of the delay circvit, SR flipflop, gate,

and the clock circuit.

3.1. Delay Circuit:

-

This circuit has two functions. One is to produce pulses which
are compatible to TTL circuits, the other is to give a delay to the

triggering start pulse. (Fig. 20.a.) . It is basically composed of a

’ TTL-type integrated circuit,
Rr 4 +5
+5 , .
namely 74121. The inputs of the
raﬁ*‘ W\ start < :
424 q 3£M g IC is Bo arranged that B is
Mmagp @ 22K
~ l [ l L held high and Ay and A; are made
—rL- short circuit and are connected
Cleor )
Figure 20(a). as the input of the circuit and

ready to be trigrered by the falling edge of the trigger pulse. (See App.)
~he delay is given uy CT and RT w.iere RT can be adjusted by a potentiometer,
from 1 microsecond to 150 microseconds. The purpose of the delay is to

make it possible to compensate the delays occurring from the transmitting
and receiving crystals and the circuit itself, which is of the order of

s everal microseconds. By adjusting this delay it is possible to calibrate

the instrument for correct measurements. The other functions of the circuit
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is to set the flipflop and reset the decade counters. The Q outprt

is fed into the SR flipflop as the start pulse, via the circuit in the
figure while the inverse of the output, @ , is fed into the decade
counters via an invertef, which ortginally is a NAND gate of T400.
The total delay of the reset pulse shonld be less than that of the
start pulse because the reset pulse mist clear the counter before
counting cycle hegins., This is the case because the delay of the start
pnwlse through the whole circuit is fotally twice as laéée as the reset

pulse and of the order of 15 to 20 nanoseconds,

3.2. SR flipflop and the Gate:

The SR flipflop consists of two NAND gates of the IC 7400,
connected as in the figure 20(b). The start pulse is obtaimed by
the Q@ output of the monoflopl as explained above, and is applied to
the flipflop changing its output state to logic 1. The output is
connected to a'purSuing NAND gate which the other input is connected

to 1 MHz clock generator. The output of the flipflop therefore controls

Start
SR fLpfiep

Step

Figure 20.b,



the gate., Vhen the output of the flipflop is O, the output of the
gate is 1. So when the output of the flipflop is 1, the ontput of the
gate is pulsing. So the stop pvlse reaching the reset input of the
flipflop, the ontput state changes to 0, thus disabling ﬁhe gate. The
ovtput of the gate controls the start and stop sequence of the counter

by enabling and disabling the clock prlses to the counter circ-it,

3.3 . The Clock Circuit:

The clock circuit is a crystal controlled oscillator which
. prodr-ces clock pnlses for the decade counter at 1 MHz rate. They are
controlled by the gate as explained above. The oscillator consists
of two NAND gates of a 7400(fig.20.c.) Once the supply voltage is
applied the oscillation begins. The crystal used is 10 MHz so the
output is fed into a 7490 decade counter which is used as a divider
to obtain a pulse period of 1 ps, The last two pulses of each ten is

taken as the output and inverted for a suitable logical coupling to

the gate. The frequency can be adjnusted by a series capacitor.  #

Figure 20.c.
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4. Transmitter Oscillator:

Trznsmitter oscillator is basically an astable multivibrator,
triggered by a switcing transistor. (Fig.21. ) The operating frequency
is the resonance freqguency of the crystal, and it can be adjustgd by a
potentiometer. During experiments a 26 kHz, 0.1 ¥ transducer is used.

The éxcitation of the transduﬁer is by d.c. pulses in a way suitable to
itsvpolarization. The duration of the pulse is long enough to produce 5 or

6 oscillations at the characteristic fregrency of the crystal; which gives

s fficient excitation to the crystal.in this case, For different types of
cryst;ls and transducers, different transmitter circuits are needed. Other
than this one a resonance a.c. oscillator can be developed or transmitting
can be made by single pulse excitation. e.z., The transducer used during
experiments was not siitable for single pﬁlse excitations. This is a simpler
but a more ricorous treatment but will éive better res-l1ts in the case of
special transducer used for the p-rpose of testing concrete. Inthis case

the crystal is treated by & shock pulse, the crystal surface hits the

specimen and then a damping oscillation will be observed at the resonance

freqnuency of the crystal. The snitable transducers are usually made of Barium
Titanate or Lead Zirconate Titanate at a resonance frequency of 40-50 kHz.
The low fregqrency introd -ces the problem of dimension both in thickness and

d iameter,
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6. The Schmitt-Trigeer:

The output of the recziving amplifier is applied to ;he input of
the Schmitt-Trigger. The function of the circuit is to reset the SR
flipflop, thus causing its state to change and stop the counting.(Fig. 23 )
The resistorbvalves are so chosen that the Schmitt;Trigger begins
operzting at the threshold value of approx. 2 V. The amplifier has positive
feedback applied between the collector of Tl and the base of T2 via Ry and
R3. Since one of the transistors cénduct.af any time , the emitter potential
is always positive with respect to zero line. i.e. Ty is always conducting.
When the input voltare rises above emitter voltage , Tl is cut off. Tﬁis
causes the emitter voltage of T2 to incr~ase and the collector potential of
Ty begins to fall, These two effects turn T2 rapidly on so that its
collector voltage rises to its maximum value. The switching Spéed of the
circuit is increased by adding the speed up capacitor C , which has a value

of 100 pF,

7. “ounter and Display:

Counter and display circuits consist of TTL components, the decade
counters 7490, 7 segment decoders 7447 and 8448, inverters 7416 and LED

nymeric-1 displays., (Fig.24.,) The output of the gate is either logic 1

continously or pulsine as stated above and the 1 MHz pulses are fed into
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the input of the counter circuit. The last bit of the decade counter is

fed into the next 7490 as the output pulse. 7447 is a BCD to seven segment
decoder with open collector ovtput. It is only convenient for common anode

7 segment displays, CCY91lA, which are also used for indicating the transit
time in the circuit. 3448 circuits are also BCD to 7 segment deéoders

b+t are suitable for common cathode displays. To fit these circuits with
comm>n anode displays, /16 inv:rter circuits with open collector are added
to the circuit and common anode displays are driven by 84481 n this way.
(See App.). The function of the circuit is to count clock pulses, during

set réset interval of the SR flipflop which corresponds to the transit time
and the result is displayed. At the beginnig of every cycle this result is
cleared by the reset pulse. Controls of 7490 is in the figure and in appendix
R

y and R , has been chosen for control purposes. The next reset

o1 * Ro2 91

pulse makes R L ! and R 5 logically high for a short time and this causes
o 0

all the outputs to be O and thus the result is cleared. Just before the

count command R01 , and R02 drop again to zero line which is the counting

mode and new cycle bezins,
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8. APPLICATION RESULTS

8.1. Transit time meas-rements:

Experiments have been done in air by simulating the effects of
the defects in concrete., Several transit time measurements have been done
at different probe distances. Then a solid obstacle is placed on the
travel path to sim-late the sonic impedance and the transit time is
measired again., The dimensions of the obstacle i~ 1 em X 2 em and 10 em
wide., The temperature is approximately 17 °C. THe slight rednction in

velocity was clearly observed. It was not possible to make measurements

below 10 cm and above 80 cm, The measured values are given in Table T,

S: The length of travel path in cm.

t The transit time meas-red in microseconds between two probes,

18
v, SOund velocity according to the measurements,
t_: Time elapsed in the existence of an obstacle on the travel

path in microseconds.

V_: Effective (Reduced) velocity in m/s.
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Plate Obstlacle Time measumd | Munber of
Oistance Distane onthe insfroment |divisiens on CET
om cm Moec ~n
[
15 - 922 ~ 9
15 Sem 296 ~3
15 40 em 6/8 ~6

Table II
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9. Circwit Modifications and Descriptions for the higher po--ered

Transducers:

The characteristics for the higher bowered transducers are given
in the appendix. The dimensions for 40 to 50 kHz Lead Ziréonate Titanate
or Barium Titanate transd-cer are 50 mm X 35 mm ﬂ'. With this kind of a
Transd-cer it is possible to make meaSUrements in concrete to distances
of more than 10 m ,
It is better to ercite a poverful transducer by a single pulse'as explained
in section II.4. The amplitvwde of this pulse is in the order of several
hvwndred volts. The transmitter circuit which produces 300 Volt d.c.
pulses is given in figure 25.a. The capacitor (0,25 PF) charges through
R1 (2ma) Whén th. thyristor is fired by the trigger pulse fromthe pulse
‘generator, the capacitor d&ischarges rapidly via the crystél and transducér
thus producing the required pulse for the transducer. The shock pulse
produced in thie way causes the transdncer surface to hit the material
svrface and a damping ;scillation will be’observed at the resonance
frequency of the crystal.
The receiver circuwit does not need to mwch of modification but it
is better to limit the inp-t signal by using two diodes as in fizure 25b,

to clip the signal values above 0,7 Voltis,
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Pigure 25,b. Receiver circuit
modification,
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CONCLUSION

In this study emphasis is given to testing of concrete, but, however,

by usipg the same principles, it is possible to make reliable tests on
other materials, solids, liquids and gases, Therefore it is better not to
distinguish the testing of concrete from the general non-destructive testing
of materials. Thus, Ultrasound offer a wide area of application in testing
materials,

Although the destructive crushing tests give an exact result, the
disaévantage of it is apparent. For tests where not #ery accurate or exact
measurements are sufficient, as in the case of concrete, satisfactory results
can be obtained by.Ultrasonic methods. The advantage is being non-destructive,
ité simplicity and possibility of making tests on constructed elements,

Generally in non-destructive testing of materials two points are of
importance: The operating frequency and the transducer. In fact one is the
reason of the other. For different media and specimens the operating frequency
and the transducer mus’ be 80 selected tirt sensitivity and attenuation
should be optimal,

Material limitations apd particularly the lack of a powerful, good
matching trensducer has affected this study to a great extent. For this

reason it was unfortunately not possible to have results by making tests on
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concrete. But principally, since the only difference is the medium, by

simulatingZ the effects in concrete satisfactory results have been obtained.
The transit time in the medium can be measured with an error of iess than 1%,
the extension of transit time in the presence of an obstacle on the travel
peth, effegts of temperature changes and echoes can be observed. fhis means
that using the suitable trahsducer and frequency for the concerned medum ,

the instrument can easily be adapted for making measurements on other materials,



NOMENCLATURE

V : Velocjty of sound

E : Elasticity Modulus
[ Dens ity

PE : PiezoRlectric

T : Transmitter

R Reéeiver

VL ¢ Longitudinal Velocity
VT : Transversal Velocity
p Poisson Ratio

A : davelength

meter

3
.0

8 ¢ Second

w
..

Length of the travel path

t Time

=

Depth

Bz Hertz

9
1)

Diameter

W s Acoustic Impedance
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APPENDIX oA

Sound velocity in gases:

V=/k.R.T

k = Specific heat. (for gases with two atoms like air, k=1,4.)

R = 05as constant, ( R = 287 J/kg.X for air.)

El

. O, .
= Temperature in Xelvin,

=

e.&. Sound veloncity in air, at 20 C’C,

V= /1,4.287.293

V=343 m/s
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Caleylati
tion of crack depth
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APPENDIX B.

OPERATION MANUAL and CALIBRATION:

Meins connection : 220 V, 50 Hz. The instrument can be arranged for 110 V
ogération by changing the transformer connection inside,

The transmitting probe is connected to the right hand socket T; receiving
probe is connected to the left hand socket R. Approximately one second
after the instrument is switched on the transmitting probe generates“
Ultrasonic4pulse3'a£a the receivimg probe de£eots them after they have
travelled through the specimen under test and the time elapéed occurs in
fS‘on the display. This cycle is repeated every second,

‘In order to obtain good sound conductivity between the body nnder test
and the probes a covpling medium such as grease, soft soap or rubber sheet
mvsf be used. ’

If S is the distance between two probes , t is the time read from the LED

displays, the effective velocity ,

S
V=—
t
From the sound velocity thus determined conclusions may be drawn concerning
L
the quality of the material under test, using the associated formnla and
tables in the text., If sound velocity in the sample is known then the

thickness can be calcrlated by using the above fommula, provided that the

material is homogenows,
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If the probes are located side by side then the thickness is,

d= 2zt
2

and in the same manner large crack depths can be determined by,

he Tt

et

2

Transmitter freg:ency can be adjusted by the potentiometers on the
transmit circnit board to the frequency of the transducer.,

Receiver amplifier gain is adjusted by the potentiometer on the receiver
circuit board.

Tie rate of the cycle pulses is adjusted by the potentiometer on the
transmitter circuit board.(4,7 Ma.) ,

Calibration of the time measurement cin be done by the potentiomet r on

‘the Control Unit board up to a delay of 100 FS'



73 ; \

APPENDIX C

Characteristics of some of the componente and transducers.
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TRANSDUCER

PHONO PLUG, MALE

The MK-109 transducer is a transmitter-receiver that was developed for use with indoor intruder alarms and
television remote control units. This transducer is recommended when high sensitivity is required in combination
with very low power transistorized circuits. A phono connector termination is provided which permits quick trans-
ducer interchangeability if exact matching is necessary. A remarkably small change in resonant frequency with

temperature change is exhibited by this model.

SPECIFICATIONS ........ooiiiiiiiccre et ans TYPE 23

AVAILABLE RESONANCE FREQUENCIES .............cccoeonvnpennne. 23 kHz + 2 kHz
FREQUENCY AT MAXIMUM IMPEDANCE ' ‘

(with no load)

Specify Frequency Band Desired

BANDWIDTH ..o s eeesaesee s e sese s e 0.4 kHz
(Untuned)
TRANSMITTING SENSITIVITY oo +20 dB

(10 mW available power) (minimum)
(dB vs 1 microbar at 1 ft)

RECEIVING SENSITIVITY ..o .... —50 dB ¢
{Untuned with 2MQ load)
(dB vs 1 volt per microbar, minimum)

CAPACITANCE AT Tt kHz (nominal) ... ..o, 2800 pF + 209,
POWER RATING ..o 01w

(Watts, cw, maximum)

TEMPERATURE RATING .. ..ot eeeeeeeeee e 1%

(Maximum percentage change in resonance frequency over a
temperature range from — 30°F to 150°F)

TYPE 42

37 kHz + 2kHz
42kHz + 2kHz

0.4 kHz

+25 dB

—50 dB

0.01 W
1%

8 grams
14 mH

DIRECTIONAL RADIATION PATTERN AT 23 kHz

HALL ELECTRONICS
48 AVON ' * ROAD

DIRECTIONAL RADIATION PATTERN AT 42 kHz




Linden Sonotite® Standard Discs
THE BARIUM TITANATES

DIAMETER — ENGLISH/(METRIC)

280" 500" 750" 1.000" 1.128" 1.5000"" 2.000"
©35mm) (127mm) (19.1mm) (25.4mm) (28.6mm) (38.1mm) (50.8mm)
o7 | wourx | s00rx 12-07-X | 16-007-X | 20-007-X | 24-007-X | 32-007-X
15mHz | $10.00 | $10.00 | $10.00 | $12.00 | $18.00 | $40.00 | $80.00
S0 | 4010 | 801K | 12010.X | 16010 | 20.010.X | 24010 | 32010-X
10mHz [ $9.00 ] $0.00 | $0.00 | $9.00 ) $1200 | $1800 f $60.00>
g0 | 4020X | BO0X |12020.X | 16-020X | 20-020-X | 24-020-X | 32:020-X
smHz | $650 5| $850 | 3850 | ($8.50 ) $11.00 | $18.00 |C$60.00>
o0 | 40UX | BOAOX | 12040X | 18-040-X | 20040-X | 24-040-X | 32-040-X
25mHz (($7.00 )| $7.00 | $7.00 | $7.00 | $1200 | $1200 | $40.00
2500 | 4050X | B0S0X | 12080-X | 16-080-X | 20-050-X | 24-050-X | 32-050-X
2mHz | $7.00 | $7.00 | $7.00 | $7.00 | $1200 | $1200 | $30.00
. 5‘1'101?"‘; 4-100-X | 8-100-X | 12-100-X | 16-100-X | 20-100-X | 24-100-X | 32-100-X
imHz | $6.00 | $6.00 | $6.00 | $8.00 | $0.00 | $1200 | $20.00
020 | 4200 | 8200 | 12-200X | 16-200-X | 20-200-X | 24-200X | 32:200X
500kHz | $6.00 | $8.00 | $6.00 | $800 | $900 | $0.00 | ($9.00 )
500 | 4500X | B500X | 12-500-X | 16-500-X | 20-600-X | 24-800-X | 32-500-X
200kHz | $6.00 | $6.00 | $800 | $8.00 | $9.00 | $9.00 [ $6.00 )
DIAMETER — METRIC/(ENGLISH)
Smm 10mm 15mm 20mm 23mm 30mm
©27) (047) (08) (087 (082) (12)
emm 3018 [ 7018 | 9018x [ 13018 x[ 15018-x[21-018X
18mhz ($10.00] $10.00 | $1000 | $10.00 | '$12.00 | (378,00 |
'(%?3'"; 3-—025-X 7-025-X O-O’ZErX 13-025-X | 15-025-X | 21-025-X
10mHz | (30.005| $0.00 | ($900)| s000 | se00 | 1200
|SOmm | 3050-X | 7050-X | $050X | 13-050-X | 15.080-X | 21-080-X
SmHz| $850 | $850 | $850 | $850 | $850 | $11.00
\S4m | 3064-X | 7-064X | 9084 | 13.064X | 15-084-X | 21-084-X
“amHz (;sa.fj $850 | $850 | $850 | $8.50 | $11.00
Steom | 301X | 7101X | $101X | 13-101-X | 16-101-X | 21-101-X
25mHz| $7.00 | $7.00 | $7.00 | $7.00 | $7.00 | $12.00
m 3-113-X | 7-113-X | 9-113-X | 13-113-X | 15-113-X | 21-113-X
randl (8700 )| $7.00 |(§7.00D| $7.00 | $7.00 | 1200 )
(%;?)""‘; 3-127-X | 7-127-X | 8-127-X | 13-127-X | 15-127-X | 21-127-X
2mHz| $7.00 | $700 | $7.00 | $7.00 | $7.00 | $1200
4 | 325X | 724X | 925X | 13254 | 15:254-X | 21-254-X
ImHz | $600 | $6.00 | $6.00 | $6.00 | $6.00 | $12.00
i%t,'; 3-508-X | 7-508-X | 9-508-X | 13-508-X | 15-508-X | 21-508-X
z| $6.00 | $600 | $8.00 | $6.00 | $800 | $9.00
'25703""; 3-1270-X | 7-1270-X | 8-1270-X [13-1270-X|15-1270-X{21-1270-X
z| $6.00 | $600 | $6.00 | $6.00 | $6.00 | $9.00

Customer’s Guideline for
Ordering Linden Sonotite
Piezoceramic Discs

1. Use the Linden Sonotite standard disc diameter and

“frequency or thickness you wish to order.

2. The single unit price is included with each part number.

3. Substitute the exact Sonotite piezoceramic material you
desire for the “X" found in each part number.

Example: If you want a 1.0 inch diameter disc (code 16)
with a thickness of .050 inch (code 050) fat ricated from
Sonotite 101 piezoceramic (code 101) the correct part
number would be 16-050-101.

4, Standard Tolerances:

Diameter +0.005

Thickness Parts up to 0.035, =0.002
Parts from 0.035 to 0.100, +9.003
Parts above 0.100, +0.005

Frequency +5%
(Exact tolerance, conforming to your specifications, are

availabie on diameters as well as frequency or thickness.
Please contact Linden for a quotation to your specification.)

5. The Minimum Order for Linden Piezoceramic Products
is $50.00.

{Mixed Part Numbers are accepted for Minimum Order
Requirements but may not be used for following Discount
Schedule.)

6. Discount Schedule for Quanity Disc Piezoceramic
Purchases:
1-9 Pieces muitiply base disc by 1.00

10-24 Pieces multiply base disc by .87

25-49 Pieces multiply base discby .75

50-99 Pieces muttiply base disc by .60
(Pricing for quantities greater than 99 are quoted on an
individual basis.)

7. Delivery:

Standard discs of Sonotite piezoceramics aré normally in
stock. If stock is depleted delivery will range from 2 to 4
weeks.

é. Special Sizes and Frequencies:

Disc Diameters and/or Frequencies falling between those
on the Standard Lists are quoted on an individual basis.
Delivery of special disc diameters and frequencies are

normally 4 weeks ARO.

LINDEN LABORATORIES, INC
box 920, state college, pa.16801/ 814 355-5491
A RESOURCE MANAGEMENT CORPORATION SUBSIDIARY



NOMINAL CHARACTERISTICS (twen!y-four nours after polarnzaton)

501 = 502 601 © 602 603 701 702 801 302 803

PHYSICAL PROPERTIES ‘ ‘ : ;

DENSITY (g/cc) 56 56 5.5 55 5.6 56 56 5.3 53 ' 53

YOUNG'S MODULUS (x10"°NEW/m?) . 104 102 115 100 116 110 100 112 120 112

CURIE TEMP. (°C) 120 120 120 120 120 133 133 145 145 = 145

MAX. OPERATING TEMP. (°C) 95 95 90 90 90 100 . 100 120 120 120

MECHANICAL Q © 400 650 350 580 400 350 550 350 500 : 400

DIELECTRIC PROPERTIES , : i i

DIELECTRIC CONSTANTS ., 1800 1800 1200 1200 1150 1400 - 1400 730 730 600

vs. 5 v/mil RMS | +30% +8% +35%  +8% +30% - +35% - +12% +20% +6% +17%

DISSIPATION FACTOR (%) [ <09 <06 <09 <07 <09 <09; <08 <07 <05 <07

vs. 5 v/mil RMS (%) : | 58 20 150 20 150 80! 25 7.0 1.5 65 !

AGING (%/DECADE OF TIME) i 20 20 15 18 -18 45 15 Q8) 10 1.0 .-

PIEZOELECTRIC PROPERTIES j : !

COUPLING COEFFICIENTS j ; : i
Kkr 035 034 032 032 032 032, 032 028 028 028
k31 '/ 022 021 018 018 018 018 018 016 0.16 = 0.16 |
k33 050 048 048 050 048 050 052 044 050 050 :

AGING (%/DECADE OF TIME) 20 20 -20 -5 -20 25, -20 145 48 15!
dar (x10-2 m/v) -80 -78 -56 -60 -58 -60 -65 40 38 -36 |
gar (x10-3 v-m/NEW) 46 47 51 62 59 . -50 -58 62 59 -6.8
das (x10-12 m/v) 190 188 145 150 155 150 160 110 120 112 |
gas (x10-3 v-m/NEW) 120 119 132 159 149 128 . 145 170 186 21.2

FREQUENCY CONSTANTS (kc-INCHES) i ' !

RADIAL 115 115 123 119 123 118 116 120 123 123

THICKNESS 97 97 102 100 102 101 100 - 98 100 100

BAR LENGTH . 86 86 90 87 91 90 88 90 91 91

AGING (%/decade of time) +05 . +06 +03 +03 +03 +04 . +05 02 +04  +03

! | ; ; i ; ; ; ;

DIELECTRIC
CONSTANT
vs. TEMPERATURE

In certain applications- the
variation in temperature is a
major concern for the design
engineer. Since the piezoelectric P
ceramic is often utilized as a e
part of a total resonating 500 SERIES
circuit, the design engineer
must be aware of the effect
of temperature on the
performance of the overall
transducer.

600 SERIES

700 SERIES 800 SERIES

INUSA 73



007"
18mm)
10mHz

.010”
25mm)
8mHz

015"
3amm)
SmHz

BOmMmmM)
25mHz
Somi?
z
100"
54mm)
300kHz
128"
18mm)
540KkHz
160"’
500kH2
.250""
35mm)
320kHz

L1 6mm)
200kHz

" Linden Sonotite® Standard Discs
THE LEAD ZIRCONATE TITANATES ’

DIAMETER — ENGLISH/(METRIC)

250 5007 750"  1.0007  1.125" 1500  2.000"
(6.35mm) (12.7mm) (19.1mm) (25.4mm) (26.6mm) (38.1mm) (50.8mm)
- 4007-X | 8007-X { 12-007-X | 16-007-X | Quoted | Quoted | Quoted
"$1400 | $14.00 | $14.50 |{$1500° Request | Request | Request
4-010-X | 8-010-X | 12-010-X | 16-010-X | 20-010-X | 24-010-X | 32-010-X
$11.00Y $11.00 | $1040 {7$10.75 5| $15.00 | $18.00 | $60.00
4015-X BD15X- 12-015-X | 16-015-X | 20-015-X | 24-015-X | 32-015-X
'$1000° |, $9.00 | $1040 | $1075 | $1500 | $18.00 | $60.00
4-035-X | 8-035-X | 12-035-X | 16-035-X | 20-035-X | 24-035-X | 32-035-X
$8.80 *| $8.70 )| $950 | $975 | $14.00 | 1420 | $40.00
4-080-X | 8-080-X | 12-080-X | 16-080-X | 20-080-X | 24-080-X | 32-080-X
$860 | $850 | $9.40 | $8.50 | $13.00 | $13.80 | $30.00
4-100-X | 8-100-X | 12-100-X { 16-100-X | 20-100-X | 24-100-X | 32-100-X
$740 | $500 | $7.00 | $700 | $10.00 | $11.00 | $20.00
4-125-X | B-125-X | 12-125-X | 16-125-X | 20-125-X | 24-125-X | 32-125-X
$740 | $600 | $7.00 | $7.00 | $10.00 | $11.00 | $20.00
4-160-X | 8-160-X | 12-160-X | 16-160-X | 20-160-X | 24-160-X | 32-180-X
$7.40 | $6.00| $7.00 ($7.00 )| $10.00 | $11.00 | $20.00
4-250-X | 8-250-X | 12-250-X | 16-250-X | 20-250-X | 24-250-X | 32-250-X
$8.00 | $6.00 | $8.00 | $8.00 | $12.00 | $14.00 | $16.00
4-400-X | 8-400-X | 12400-X | 16-400-X | 20400-X | 24-400-X | 32-400-X
$20.00 | $20.00 | $20.00 {($11.00 4 $15.00 | $15.00 | ($16.00>
DIAMETER — METRIC/(ENGLISH)

Smm 10mm 15mm 20mm 23mm 30mm

©2") (047) (067) (08”) (0.82") (1.2)

3-018-X | 7-018-X | 9-018-X | Quoted | Quoted | Quoted

on on on

$13.00 | $13.00 | $13.00 | Request | Request | Request

3038-X | 7-038-X | 9-038-X | 13-038-X | 15-038-X| 21-038-X

$13.00 | $13.00 | $13.00 | $13.00 | $13.00 | $18.00

3-050-X | 7-050-X | 9-050-X | 13-050-X | 15-050-X| 21-050-X

$11.00 | $11.00 | $11.00 | $11.00 | $11.00 | $15.00

3-083-X | 7-083-X | 9-083-X | 13-083-X | 15-083-X| 21-083-X

$11.00 | $11.00 | $11.00 | $11.00 | $11.00 | $15.00

3-090-X | 7-090-X | 9-080-X | 13-090-X | 15-080-X | 21-080-X

$11.00 | $11.00 | $11.00 | $11.00 | $11.00 | $1500

3-102-X | 7-102-X | 9-102-X | 13-102-X | 15-102-X | 21-102-X

$11.00 | $11.00 | $11.00 | $11.00 | $11.00 | $15.00

3-163-X | 7-163-X | 9-163-X | 13-163-X | 15-163-X| 21-163-X
| $10.00 | $1000 | $10.00 | $10.00 | $10.00 | $14.00

3254X | T254X | 9254X | 13254X | 15254-X | 21-254.X

$10.00 | $10.00 | $10.00 | $10.00 | $10.00 | $14.00

3-406-X | 7-406-X | 9-406-X | 13-406-X | 15-406-X | 21-406-X

$6.00 | $8.00 | $800 | $8.00 | $8.00 | $8.00 !

Customer’s Guideline for
Ordering Linden Sonotite
Piezoceramic Discs

1. Use the Linden Sonotite standard disc diameter and
frequency or thickness you wish to order.

2. The single unit price is included with each part number.

3. Substitute the exact Sonotite piezoceramic materiai you
desire for the “X” found in each part number.

Example: If you want a 1.0 inch diameter disc (code 16)
with a thickness of .050 inch (code 050) fabricated trom
Sonotite 101 piezoceramic (code 101) the correct part
numbet would be 16-050-101.

4. Standard Tolerances:
Diameter +=0.005
Thickness Parts up to 0.035, +0.002
Parts from 0.035 to 0.100, +0.003
Parts above 0.100, =0.005

Frequency +5%
(Exact tolerance, conforming to your specifications, are

available on diameters as well as frequency or thickness.
Please contact Linden for a quotation to your specification)

5. The Minimum Order for Linden Piezoceramic Products
is $50.00.

(Mixed Part Numbers are accepted for Minimum Order
Requirements but may not be used for following Discount
Schedule.)

6. Discount Schedule for Quanity Disc Piezoceramic
Purchases:
1-9 Pieces multiply base disc by 1.00

10-24 Pieces multiply base disc by .87

25-49 Pieces multiply base disc by .75

50-99 Pieces multiply base disc by .60
(Pricing for quantities greater than 99 are quoted on an
individual basis.)

7. Delivery:

Standard discs of Sonofite piezoceramics are normally in-
stock. If stock is depleted delivery will range from 2 to 4
weeks.

8. Special Sizes and Frequencies:

Disc Diameters and/or Frequencies falling between those
on the Standard Lists are quoted on an individual basis.
Delivery of special disc diameters and frequencies are

normally 4 weeks ARO.

LINDEN LABORATORIES, INC
box 920, state college, pa. 16801/ 814 355-54891
A RESOURCE MANAGEMENT CORPORATION SUBSIDIARY



NCMINAL CHARACTERISTICS (twenty-four hours after pclarization)
N

i

!
i

101 102 103 104 105 106
PHYSICAL PROPERTIES
DENSITY (g/cc) 7.6 75 77 7.4 7.5 75
YOUNG'S MODULUS (x10'° NEW/m?2) 7.1 76 72 9.0 6.1 6.0
CURIE TEMP( (°C) 350 310 320 340 200 200
MAX. OPERATING TEMP. {°C) 150 150 150 150 120 120
MECHANICAL Q 80 230 900 1400 75 75
DIELECTRIC PROPERTIES
DIELECTRIC CONSTANTS 1700 1200 1000 400 2700 3200
vs. 5 vimil RMS +30% +10% +10% +25% +30% +30%
DISSIPATION FACTOR (%) 1.5 05 0.5 0.5 25 25
vs. 5 v/imi RMS(%) 10.0 2.5 2.5 7.0 12.0 12.0
AGING (°/DECADE OF TIME) 05 .3.0 -3.0 2.0 07 05
PIEZOELECTRIC PROPERTIES
COUPLING COEFFICIENTS
ke 0.55 0.51 0.50 0.25 0.58 0.65
k 31 0.32 0.31 0.30 0.14 0.36 0.39
k33 0.69 0.67 0.65 0.31 0.70 0.77
AGING (% DECADE OF TIME) -1.0 2.0 2.0 115 -1.0 1.0
dar (x10-'2 mjv) -150 -112 -100 -27 -230 -270
ga1 (x10-3 v-m/NEW) -10.8 -10.6 -10.1 7.6 -9.0 -9.0
daa(x10-'2 m/v) 340 260 220 70 475 550
ga3 (x10-3 v-m/NEW) 23.0 25.0 25.0 20.0 205 19.5
FREQUENCY CONSTANTS (kc-INCHES)
RADIAL 81 85 89 104 83 78
THICKNESS 78 80 77 90 72 69
BAR LENGTH 60 63 63 75 60 59
AGING (%/DECADE OF TIME) +0.1 +0.8 +0.8 +0.5 +0.2 +0.1

101 T 102

104

105

NTED IN USA 73
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ptoelectronic devices

ght emitting diode displays

T
ype Category character Fig. . and Ug Luminous paint | Spectral curve
he|ght Nr. at IF = 20 mA
mm mcd v
Qy 71 7 segments 8 7 04 1.6 red 4
QY91 A
avelk 7 segments 13 8 0,6 1.6 red 4
QY92 A
avezK 7 segments 13 8 08 2,7 green 7
QY93 A
Qv o3k 7 segments 13 8 0,8 2,7 yellow 8
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n-Connections:
1 Cathode a 9 Common anode Pin connections:
2 Cathode f 10 Cathode ¢ CQY 91 A cQy 9t K
3 Common anode 11 Cathode g - gg; :g : ggz :g §
6 Cathod: DP 13 Cathode b 1" . e s X
. egment e egment e
7 Cathod:= e 14 Common anode 2 Segmentd Segmentd
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Fig. 6: Special case
0 - \"L_ T . ~ 100
% 1 Ly S——— Normicht- % g !
. t p
[ N 5 ud 80 5~ /' 6 A
/ WM T AN AN
- I
of s/ LV A UV so|— £ 1\ AV
[ 7| L ‘ y . / " v \ \
0 S 40 / | \ \
f \ -4 . 4 \ \ \
74 +
ol —/ (AN : a0}/ 4R \
/ #J[/ \ 37 / AN \
o 7] A\YAL '\ 7 I B T
o o . L
40¢C EIS 800 1000 nm 400 600 800 1000 nm




N3IM¥NN43731-03V _ NIXNN43T31-D3V

- ) - T = -
e 4 0 100 oz- >!a? = = e o MT
»’ 1 ) xﬁﬁ { r,&m;, . ﬂ‘,r.”w ﬁl.ﬂ 43
N 1 s IR et b g ed
.T \¥ 1 14t ronﬂ«. y M,h e PR .«L
11 T v b b e
P L1 ¥ RS
%«ul‘.uoim o R Fo4o-4 [ EREER I 5 -
' 4 . M 4 bt S [AB PR - 1
e H . Tu*. ISR L ; xh:v- ﬁ*%# ﬁi .HJ oy .
H ooty T Fper b bt “t 1 100004 -4+t 1+ + .LII“
i Jdﬂl‘m‘#ﬁ:‘bﬂ se’ ri%vir. v 4 . e 4 erH f B b 4
) i SR 3 SN W + ke [ R S
Lk + ﬁ\ jﬂf g ,,.w\\ iﬁ g T - e il ,M .U»-L B
e - T I - - 4+ 4-4 i bebod o d +- 44
) _.ln Lli i » Aﬁ.f . ....,JWM: - I_+u “H PP ﬂl)
1\ vy 2 il I;lwm @ . .» I ; I3 ,+<o§. - - yemrnay moven 3 f
162 VIR y i f:lyzr__,, BN, ottty |
NG SRegas] P e S
+e t 44 } bt L . 1+ R e +
M3+ r . -4 }-18 _v - *l
HEE I Al el . p-4- - bt + 4111
h..vl.l: 1 0Ny _hf '"AQEt %0
T - —3 L 1L h “ »ﬂ 9 *
b e[ T 14 b tEEa
KT A T 09T ook
” T TNl T T don oy 09
N VTR AR = B e ‘ -
s et e ESEZ T oz - 1400z
nr:+.\. VIR X o .M.H:.-‘JN o 0 .Q V -
ﬁ T-‘)w.“ ..ni.w 0.,U ml‘u . \\V &ﬁv < - 1
L)
.—G « rY .
s | T |
¢ o 'sn oy Faus
3—o
3] t UM0L
S ., S—
1
Nz
Lo 3sag

I8 Ay

D 60LE 11 M 60.E 1L



REFERENCES

10.
11,
12,
13.

14.

T4

Ultrasonic Testing of Materials, KRAUTKRAMER.
Symposium on "ltrasonic Testing, A.S.T.M.
Course Notes 1978, KAHVECI.

€

Concrete Technology, Volume II, ORCHARD.
v
Handbook ofUltrasonics, STZINKAMP,
Physical Acoustics, Vol. I, Part A,VMASON
Physical Acoustics , Volume XI. , MASON,
EwéluatiOn of Concrete Properties from Sonic Tests,
WHITEHURST.
Pulse Digital and Switching Waveforms, MILLMAN andTA'B.
Advanced Industrial Electronics, MORRIS.
Digitale Schaltungem, Siemens,
Electronic Components, Telefunken.

Integrated Circuits Data Book, Tex. Inst,

Neneral .Catalogue , Philips.



