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This paper presents the results of measurements of the phase velocity dispersion of
ultrasonic waves in thin aluminium sheets. The interaction between ultrasonic waves and a
thin solid layer is analysed and the theoretical relations for the transmission and reflection
coefficients are presented. Experiments are based on the spectrum analysis of ultrasonic pul-
ses, generated by the broad-band probes in the frequency range of 2-13 MHz. From the
maxima of transmission coefficients for different incidence angles the phase velocity of
Lamb waves is determined as a function of ultrasonic wave frequency.

Presented method allows to determine the acoustic parameters and the dispersion curves
for the velocity of Lamb waves in thin layers.

1. Introduction

The use of new materials in many branches of technology has been an incentive to
further the ultrasonic methods of testing materials, especially those nonhomogeneous
ones such as composites. Some of their properties, such as strength, resistence to frac-
ture, thermal and electrical parameters largely depend on the current state of their inter-
nal structure. Suitable measurement techniques have therefore to be developed to ossess
the quality of such materials. It is the ultrasonic methods, based on the interaction of
waves and nonhomogencous media, that have found many applications in the field [1].

Complexity of phenomena that take place during the wave propagation in a multi-
component medium is one of the reasons for the difficulties in proper interpretation of
measurement results. The most difficult problem is to separate the geometrical effects
that influence the ultrasonic wave parameters from those connected with the material
structure and the boundary conditions at the interfaces of various materials. In particular,
the response of laminates and adhesive connections is of interest since the relevant
properties largely depend on the character of contacting surfaces. The measurement
techniques are mainly based on the resonance in layers [2] and on the generation of
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a number of Lamb wave modes |3, 4] caused by the incident ultrasonic wave. The Lamb
waves are known to disperse considerably, i.e. their velocities are very sensitive to the
frequencies. Dispersion curves are functions of material structure as well as boundary
conditions on the surfaces. These, in turn, can vary with the changes in properties of
glued connections and with the types of connected surfaces. Measurements of ultrasonic
wave velocity dispersion are on the means to evaluate the quality of nonhomogeneous
materials [4].

However, due to the complexity of involved phenomena and considerable difficul-
ties in the interpretation of test data, some advanced measurement procedure must be
employed in which the ultrasonic signals are analysed and digital data processing is used [S].

The present paper is devoted to the application of ultrasonic spectrum analysis in the
determination of phase velocity dispersion curves for this layers of materials. The meas-
urement apparatus and broad-band probes were used as described in [6, 7]. Measurement
results are compared with theoretical predictions. Accuracy and resolution of the
presented results are also assessed.

2. Transmission of ultrasonic waves through a thin material layer.
Basic theoretical relationships

The motion equation for the transmission of harmonic acoustic waves in an infinite
isotropic medium has the form [8]

(A+2u)Av+ (A+ p)V x (V x v) = -0’ pv (1)

where A, u—Lamé’s constants, v — particle velocity, @ —wave frequency, p —density of
the medium. As known from the vector analysis, every vector ficld can be decomposed
into two parts solenoidal and irrotational ones

UV=U1+ U =VP+VxII 2)
where @ and ITare the scalar and the vector potentials respectively. For the solenoidal
field we have

Vxu=Vx(Vd)=0 (3)
whereas for the irrotational one the following applies:
Vu,=V(VxII)=0 (4)

The solenoidal field v, corresponds to a longitudinal acoustic wave, associated with
volumetric changes of the medium, whereas the irrotational ficld v, corresponds to a
transverse, or shear, wave for which the volume remains constant. The equation (1) can
be replaced by two equations for potentials & and 17

AP+ kid=0
AT+ k3IT=0 (5)

where k; — wave number for longitudinal wave, (k;, = w/cy ), ky—wave number for shear
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0] j b LETHy (
wave, (k= = ¢y and cr — longitudinal and shear wave velocities in the medium, ex-
T

pressed in terms of Lamé’s constants as

A+2u
C; =. N
: P
CT=V%.

Consider a case in which an acoustic wave transmitted in a fluid medium impinges a
solid isotropic layer of thickness A at an incidence angle 6. The direction of waves can be
defined with the use of the wave vector k, where |k| = w/c and ¢ denotes the velocity of
longitudinal waves in the fluid. To determine the transmission coefficient through the
layer, the coordinate system and notation will be used as shown in Fig. 1. The lon-
gitudinal wave from the medium I impinges at an angle ¢ and is refracted in the layer
(medium II) to be transmitted at an angle @, as a longitudinal wave and at an angle 67 as
a transverse wave. These waves are reflected at the lower and upper interfaces. A part of
the wave energy is transmitted to the fluid medium III. Ratio of the amplitude in medium
III to the amplitude of incident wave is a measure of the transmission coefficient through
the layer.

Assume the media [ and III to be identical and the longitudinal acoustic wave im-
pinge in the x, z - plane (Fig. 1), i.e. the velocity components v, vanish. According to the
formula (2) the scalar potential @ cannot depend on the coordinate y and the vector
potential has to depend on [T, only, IT= [0, IT, 0].

R I g.5

F1G. 1. Coordinate axes and notation for the transmission of ultrasonic waves through a layer.
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Acoustic pressures of an incident, reflected and transmitted wave can be shown in
the following forms:

po=exp|iki(xsin@+ zcosf) ]
pr=Rexp|iki(xsinf - zcos8) ] (6)
pr=Texp[ ik (xsin@+ zcos )]

where po, pr, prare the pressure amplitudes of incident reflected and transmitted waves,
respectively, R, T denote the reflection and transmission coefficients, k; = w/c, is a wave
number for the medium I, ¢, is the wave velocity in the medium 1.

The particle velocities in the layer can be derived from the formula (2) and calculated as

L L
Fis B D
g oIl
1 Sty 7
" 0z ox ™

The potentials @ and I7T for the transmission of waves in the layer have the form
&= @ exp|iky(xsinf, + zcos O] + @' exp|iki(xsinf, - zcos 6,)]
I, = IT'exp[ ikr(xsin 07 + zcos O] + IT"exp[ ikz(xsinfr — zcos Or) ] (8)
The angles 6, ;, O satisfy the Snell’s rule
kysinfy, = krsinOr = k,sinf.

The following boundary conditions must hold true at the interfaces between the media I,
11 and 11, III: continuity of z—components of velocities and stresses and the absence of
shearing stresses at z = 0 and z = h. This is expressed by

vi=v], Ou=-(po+pr); 0==0  forz=0,

vi=uv" o,=-pp Op=0 for z = h. 9)

The stream components can be calculated from the expressions [8]

; v, du. v,
—ICOG_»_Z--A( i +—az)+2y P
; v, Jdu;
=W Oy = y( o +—6x) (10)

The equations (9) together with (6), (7), (8) and (10) constitute a set of six linear
equations in six unknown: R, T, @', @", IT, IT". Solution for the coefficients R and T'is
the following:

_ i(M*-N?+1)
T OM+i(M2-N?-1)
2Ne'?
L= Y 2
M +i(M°-N°-1)

(11)
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where

ZQ[ Cos ZBT szr sin 291'

~ Z, sinP Z, sinQ
Z
M= Z—m cos *20rcigP + % sin*26rcigQ
1 1

@=khcos8;, P=kyhcos6,, Q=krhcos@Or

7 P1Ca _ PacyL | j P2Cr1
T cosB’ cosBL’ £ cos O
C2 2
cosf, =V 1- —=sin%0; cosf;= Vi- —sm g
C C!

When the incident angle 6 is greater than the critical angle for either a longitudinal
or transverse wave, the magnitudes cos ¢, and cos 67 become purely imaginary and the
following formulae should be used in the solution (11)

2
cosE)L=iV—‘; sin’6- 1

Cy
‘V C%r 2
cosOr=i Y —sin“0-1
ci
sinP = isinh(ImP) (12)

sinQ = isinh(ImQ)
ctgP = —ictgh(ImP)
ctgQ = -ictgh(ImQ)

Both reflection and transmission coefficients R and T are complex numbers; their
amplitudes and phases depend on the wave frequency w=271If. Using (11), the
amplitude of transmission coefficient 7' can be expressed in the form [9]

2 1-1
Zi-E:F
| T | 14| 57— (13)
SZ\(E + F)
where
E = Zycos?26 Tctgg + ersinZZBTctg%
F=2Zy c052267tg§ + Zyrsin 20y tg% (14)

From the formula (13) it follows that the transmission coefficient attains its maximum,
i.e. equals unity, when
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E-F=Z7} (15)

In the case of acoustic impedance of a medium on both sides of the layer approach-
ing zero (Z,~0), the formula (15) furnishes EF =0, that is either E=0 or F=0.
Remembering (14), we arrive at the equations

clgE
2 Zor 2
T a2y
ctgg QT
2
Wi
2  Zog 2
o=
£2

After a number of trigonometric rearrangements the equations (16) can be shown to be
identical with the dispersion equations for the symmetric and antisymmetric modes of
Lamb waves, presented in [10].

Thus, when the wave impedance of the solid layer is much larger than the impedance
of the fluid from which the wave travels (i.e. Z, can be neglected in comparison with
Z»;, and Zoy) the maximum values of the transmission coefficient generate definite modes
of Lamb waves in the layer. The above statement amounts to the so-called coincidence
rule [9]. The amplitude of vibrations is at its largest for such incidence angles for which
a resonance leads to the generation of a Lamb wave mode. The vibration energy is par-
tially transmitted with relatively large amplitude are generated there. The transmission
coefficient through the layer assumes its maximum value. The amplitude of reflected
wave is also relatively large but, since its phase is opposite 0 that of the incident wave,
the corresponding reflection cocfficient attains its maximum.

When the maximum of the transmission coefficient corresponds to the incidence
angle fand the frequency f, a Lamb wave mode is generated in the layer. Projection of the
incident wave vector is equal to the wave vector of the mode, Fig. 2. This means that

[1G. 2. Wave vector of Lamb wave k as a projection of incident wave vector k.
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217 217
|ky|sin 6 = |k|, where |ky| = —cl; |k| = Tf’ ¢ — phase velocity of the Lamb wave mode.
1
Hence o1
= sing an

Displacements of particles for a given mode of Lamb waves are given by the com-
plicated expressions [10]. Qualitative and quantitative analyses of the motion of the
medium transmitting Lamb waves are presented in [8]. Of special interest is the case in
which the longitudinal wave impinges from the medium I at such an incidence angle that
the resulting wave in the layer is transmitted at 45°, Fig. 3. In this case the mode is termed
the Lamé mode [8] and consists of a purely transverse wave that is reflected at 45° from
both faces of the layer. Simple geometrical relationships apply in this case:

|

FIG. 3. Lamb mode - transverse wave travels in the layer at 45°,

ﬂlﬁ:—‘/—i— —Snell’s law
2CT

€1
217 .
*—f : \/—25 =n-IIL n=1,2,3 —boundary conditions
¥ on the layer interface [8].
On combining the two above expressions, we get the formula
n-"Cy
2f-h
This is the condition for the incidence angle of longitudinal wave, expressed in terms
of frequency, necessary for the transmission of a purely transverse wave inclined at 45°,

i.e. the presence of Lamé’s mode. This condition will be used further on to determine the
velocities of transverse waves in solid layers.

sinf = (18)

3. Concept of measurements

The formula (17) determines the phase velocity of Lamb waves generated in a solid
layer by a longitudinal ultrasonic wave impinging from a fluid at an angle 6. The wave
velocity in the fluid is denoted by ¢).
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It follows from previous considerations that a given mode of Lamb waves can only
be generated under specific frequency of incident waves and for a specific incidence
angle. From the coincidence rule it follows that the maximum of transmission coefficient
is associated with those magnitudes. Knowing the suitable incidence angle 6 and the
frequency f the phase velocity of Lamb mode can be calculated from (17). Lamb waves
exhibit dispersion, i.e. their phase velocities depend on frequencies, see expressions (16).

Complete picture is complicated. Nevertheless, experimental determination of dis-
persion curves is possible with the help of various measuring techniques. In general, the
reflection or the transmission coefficients are measured for fixed frequencies and various
incidence angles [3, 9]. Relevant curves have a number of maxima or minima that cor-
respond to succesive Lamb modes. To obtain complete characteristics of velocity disper-
sions many ultrasonic probes must be available to emit waves with various frequencies.

Experiments described in this paper were made for a wide range of frequencies with
the use of broad-band probes and spectrum analysis of pulses. The idea of measurements
consists in the application of Fourier analysis to the examination of broad-band pulses
generated in the layer at a given incidence angle. The medium is assumed to be linear, that
is the ultrasonic pulse is a sum of its harmonic components. In the case of small ampli-
tudes of the acoustic pressure, of the order of 10~* MPa, and the wavelength of 1 mm, the
linearity condition is satisfied to within a very good accuracy. The measurement results
are presented as transmission coefficient vs. frequency curves. By broadly varying the
incidence angle the maxima of transmission coefficient can be determined as depending
on both the frequency and the incidence angle itself. Next, the formula (17) furnishes the
phase velocity of Lamb waves for many modes simultaneously. As a result, the spectrum
analysis method supplies a further picture of the velocity dispersion of Lamb waves than
any other conventional method. It is also faster and more convenient to apply.

Computer program was prepared, based on the relationships shown in Sec. 2, to
compare the test measurements of transmission coefficient with theoretical predictions.
The following input data were used: impedance of the layer and the surrounding media,
wave velocities in all the media concerned, thickness of the layer and the incidence
angle. The transmission coefficient was computed from the formula (13). Three ranges
of the incidence angle were distinguished: smaller than the first critical angle, in between
the first and the second critical angle and larger than the second critical angle. In the last
two cases the relationships (12) were used.

4. Measuring system

The test apparatus consisted of transmitting and receiving broad-band probes [7],
ultrasonic defectoscope, sampling converter, micro-computer and printer [6]. The trans-
mitting band was 2—13 MHz (with the drop of 12 dB). The setup is shown in Fig. 4. The
incidence angle was changed with the use of micrometer screw 1o within an accuracy of
0.1° and in the range of 0-34°. The testpicces were made of aluminium sheet metal 0.5
and 1 mm thick, immersed in water.
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. sampling ; monitor
ulser receiver microcomputert—
putze converter v
oscillos - printer
cope

F'1G. 4. Measuring sel. 1, R — broad-band (ransmifting and recciving probes.

Ultrasonic pulse transmitted through the layer was sampled and fed into the
microcompuler. Fast procedure of Fourier transform enabled pulse spectra to be ob-
tained. Sampling density was 256 in the range of 5 ps. Spectral lines were spaced at
0.2 MHgz; resolution of measurements of transmission coefficient maxima was about
+0.1 MHz. Spectra of pulses transmitted through the layer were displayed on the
monitor and printed.

5. Test results

Ultrasonic pulse between the probes and its spectrum are shown in Fig. 5. From the
curves it follows that the useful range of frequencies is from 2 to 13 MHz. Its width is

a)

10

voltage [arb. units]

Olus

b)

amplitude

1
0 5 0 15 fIMHz]

FIG. 5. a — Ultrasonic pulse between the probes at contact,
b — its spectrum.
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FIG. 6. Spectra of pulses through the aluminium layer 0.5 mm thick and theoretical relationships between
the transmission coefficients and frequency for various incidence angles within the range of 0-34°.
Experiment-solid curves, theory — dashed curves.

a result of a number of parameters: width of the transmitting band on pulser—probe—
medium-receiver, ratio of signal to noise for the relevant range and sampling of signals.

Spectra of pulses travelling through the aluminium layers with thicknesses 0.5and 1 mm
at a number of incidence angles from the range 0-34° are shown in Figs. 6 and 7. Curves are
also shown corresponding to the relationships between the transmission coeflicients and
frequencies, calculated with the use of computer program described in Sec. 4.
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FIG. 7. Spectra of pulses through the aluminium layer 1 mm thick and theoretical relationships between the
transmission coefficients and frequency for various incidence angles within the range of 0-34°,
Experiment solid curves, theory - dashed curves.

A number of maxima are seen in the diagrams. Relative amplitudes of those maxima
depend on the spectrum characteristics of the transmitter-receiver system which can be
accounted for by means of suitable signal processing (deconvolution process). However,
this would require all the parameters to be analysed such as transmission band, damping
in the medium and to on. Presentation of results is here confined to the transmitted pulses
since their maxima were of primary interest.



Table 1. Locations of transmission coefficient maxima for aluminium sheet metal with the thickness
g = 0.5 mm obtained from calculations. Mcasured values in parantheses

Incidence angle

Locations of maxima (MHz)

0 6.4 (6.5);12.9; 19.4
5 3.7 (3.8); 6 (6.1); 7.6 (7.8); 13.9
75 4.(4Y; 6 (5.9); 8.3 (8.6); 15
10° 4.4 (4.5); 6.3 (6.1); 10 (9.8); 15.4
13° 53(5.5) 7.9, 13.7; 15.4
15° 63 (6.3); 9.1 (9.1); 133
17.5° 3.4(3.8); 7.7(79); 11.7, 156
20° 4.4 (4.6); 87 (9.0); 13.3
225 5(5.1); 10.1 (10.5); 15
25° 53(5.5); 11.6
275 59(58-63);15.8
30° 7-15(53-7)
34° 4-43(38)

Table 2. Locations of transmission coefficient maxima for aluminium sheet metal with the thickness
g =1 mm obtained from calculations. Measured values in parentheses

Incidence angle

Locations of maxima (MHz)

0° 32(3.2); 6.5 (6.5); 9.8 (9.8); 13
5° 1.8;3;3.8(3.8); 7(7); 8.4 (8.3); 9.6 (9.5); 10.7 (10.8)
75° 2,3 (2.9) 4.2 (4.2); 7.6 (7.5 9 (9): 10 (9.7); 11.8 (11.7)
10° 2.2;3.2(2.9); 5.1 (5.0); 7.6 (7.5); 8.5 (8.3); 10.2 (10.2); 11.3
13° 2.7 (3); 4; 6.6 (6.1); 7.8 (8.4); 10.4 (9.7); 13.2(13.2)
15° 32(3.2); 4.6 (4.8); 6.7 (7.1); 8.4 (8.9); 10.4 (10.6); 122 (124)
175 3.9 (4.2); 5.9 (6.1); 7.9 (8.1); 9.9 (10.1); 12 (12.2)
20° 22(2.3); 4.4 (4.4); 6.7 (6.9); 8.9 (9.2); 11.2 (11.4)
205 2.5(2.6); 5.1 (5.4); 7.6 (7.9); 10.2(10.5); 12.8 (13.2)
25° 2.7 (2.8); 5.9 (6.7); 9.1 (10.2)
2715% 3(334), 8
30° 37(3.7)
34° 2-22@4r23)

[368]
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Since the frequency range was not wider than 13 MHz, higher maxima had small
amplitudes or were not detected at all. For instance, for the incidence angles of 90° and
25° applied to the layer 0.5 mm thick it was only the first maximum that was obtained.
For angles of 13° and 15° weak maxima above 10 MHz were detected.

Theoretical curves shown in Figs. 6 and 7 enable to compare both the shapes of
experimental and theoretical diagrams and the positions of their maxima. Particular
maxima can be interpreted and associated with specific modes of Lamb waves travelling
through the layer.

Numerical comparison of positions of measured and calculated maxima are
presented in Tables 1 and 2. Good agreement can be seen, the differences do not usually
exceed 0.1-0.2 MHz. The best fit of results is found to be for the following parameters:

pacy =17+ 10° kg/m’s
pacr =83 10° kg/m’s
¢ =6.37-10° m/s
cri=3.11-10° m/s
Cip=032" 103 m/s
¢ =3.0810° m/s

the above values are close to those known for aluminium sheets.

} for the thickness of 0.5 mm

} for the thickness of 1 mm

6. Analysis of test results. Curves of velocity dispersion for Lamb waves

Measurement and calculation results shown in Tables 1, 2 and Figs. 6, 7 enable the
velocity dispersion curves of Lamb waves to be determined together with the parameters
of the layer under consideration (wave impedance, velocities ¢z, cr and thickness. Both
¢, and ¢y were found with the use of curve-fitting as presented in Sec. 5. The velocity
¢, can also be determined from the positions of maxima in the spectra of pulses cor-
responding to the perpendicular incidence. In this case the frequencies associated with
maxima of transmission coefficient can be calculated from the formula

n-cy.
2-h’
Given the thickness h, c,, readily follows from the above relationships. The transverse
wave velocities can be determined due to the fact that, in the case of Lamb mode, a
purely transverse wave propagates at 45° in the layer. Remembering (18) given in Sec. 2,
the angle can be obtained as a function of the frequency at which the Lamb mode is
generated. This condition, combined with the relationship between the location of trans-
mission maximum and the frequency leads to the velocity c. This can be seen in Figs. 8
and 9 where the maxima from Figs. 6 and 7 are shown for various incidence angles and
the condition (18) for Lamb modes is indicated. The incidence angles for which Lamb

S = n=0,123 (19)
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waves propagate in the layer are determined by the points of intersection of the solid and
dashed curves. Thus the velocities ¢r can be found from (18). They amount to about
3.1 x 10* m/s for both testpicces. However, accuracy of such a graphical method is
limited and depends on how densely the test points are located in the vicinity of angles
at which the condition (18) is expected to be satisticd. Nevertheless, this method can be
useful in the case of very thin layers, when other methods to determine cr fail.

The curves of Figs. 8 and 9 can be presented in a different manner. If, instead of the
angle 6, the magnitude ¢ = c,/sin 6 is measured along the vertical coordinate axis then,
according to the formula (17), the relationships between the phase velocities of particular
Lamb wave modes and the frequencies (i.c. the dispersion curves) will be obtained. The
test results and the theoretical curves from the formulae (13), (14) are shown in Figs. 10
and 11. The curves were obtained from the maxima of transmission cocfficients calcu-
lated with the use of program described in Sec. 3. The incidence angles 0°, 1°, 2°... up to
34° were taken to follow the changes in the locations of relevant peaks of transmission
coefficients in a sufficiently accurate manner. Then, symmetric (s) and antisymmetric
(a) modes were associated with appropriatc curves with the help of data given in [9] for
the dispersion curves for the Lamb wave valocities in aluminium. Good agreement is
found between the measurements and the theoretical results. The differences do not ex-
ceed 0.1+0.2 MHz, i.c., are within the accuracy of measurements.

It is common in the existing literature to represent the dispersion curves for the
velocity of Lamb waves as a functions of a product of the frequency and the thickness of
layer [5]. In this paper the results are given in the phase velocity vs. frequency form, since
it was the frequency range that followed from the parameters of applied ultrasonic probes.
Within this range more Lamb modes were generated in thicker layers than in thinner ones.
The applied representation made it possible to indicate which modes for a given thickness
can be shown with the specific transmission band of the probe used. When the largest
frequency of the probes is 10 MHz, the mode a, can only to be visible for an aluminium
layer thicker than 0.2 mm, whereas the modes s and @, can be observed even for thicke-
ness smaller than 0.1 mm provided the incidence angles were sufficiently large. However,
the pulse becomes too weak for large angles (o maintain the required accuracy of meas-
urements. For the applied frequency range of 0+13 MHz the thickness of aluminium
layers should not be smaller than 0.3 mm to obtain some segments of dispersion curves
for the modes ag, So and a;. For other materials with lower ultrasonic velocities the layers
can be as thin as 0.1 mm. Thinner layers must be tested with the use of probes with
broader bands, especially when higher frequencies are involved.

7. Accuracy and resolution of results

The above described method makes it possible to determine parameters of thin single
layers such as velocities of longitudinal and transverse acoustic waves. Phase velocity
dispersion curves can also be found for various Lamb modes. It thus becomes necessary
to evaluate the resolution and accuracy of the method.
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Since the interpretation of test measurements is based on the location of maxima in the
pulse spectra, the resolution depends on the spacing of neighbouring spectral lines. For
the pulse sampling parameters described in Sec. 5 the resolution was found to be
+0.1 MHz. When the maximum of the transmission coefficient was close to the ends of
the band of probe, its amplitude was comparatively small, so the error rcached 0.2-0.9
MHz.

For the incidence angles in the region of 30+34° the transmission spectrum maxima
were smeared out and it resulted in an accuracy of determining frequency to within 0.2 -
0.3 MHz. Thus the accuracy of measurements depended not only on the incidence angles
but also on the locations of maxima in the pulse spectra.

Maximum error in the velocity ¢, as a result of spacings of spectral lines can be
assessed with the use of the formula (19) which relates the velocity ¢, with the locations
of maxima and the thickness of the layer. Assuming f=10MHz, & ~0.5mm,
f= 0.1 MHz, relative error in the determination of frequency ammounted to 2 per cent.

Error in the velocity ¢y may be somewhat larger because indirect methods are here
applied — either the graphical one or by the curve-fitting procedure.

Main source of the measurement error is a limited resolution in the pulse sampling.
Resolution and accuracy can be enhanced by increase in the length of the sampled signal
and the density of sampling. Resolution of the frequency depends on the duration of
sampled signal number of samples and is given by Af = 1/N At = 1/T, where T is the
signal period, N denotes the number of samples and At is their time spacing. Increase in
the sampling density, i.c. decrease in At, leads to an increase in the accuracy of signal
sampling and in the maximum frequency of the Fourier transform spectrum.

Parameters of the signal sampling can be improved when a more powerful computer
is used and the calculation times can be longer.

8. Conclusions

Method is presented to investigate the velocity dispersion of ultrasonic waves in this
layers of material. Spectral analysis of pulses enables the velocity dispersion curves to be
determined for Lamb waves and the velocities of longitudinal and transverse waves in
the material to be measured. Other methods are known to be cumbersome when thin
layers of material are investigated. The obtained results show some possibilities to apply
the method to study more complex and practically important situations such as adhesive
connections and multilayered media. The author plans to further his research in this
direction.
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