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Abstract

The work is devoted to theoretical basis of ultrasonic testing of mineral disclosure degree,
solid phase concentration and particle size distribution of crushed material in the pulp flow
on the basis of Lamb waves parameters measurements considering the influence of
dispersion and dissipation effects.
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In [1-11] and other various methods and
devices of ultrasonic testing, which have been used
in the automation of technological processes were
described. The known methods of pulp parameters
ultrasonic testing allow to define two main
characteristics — the density and the particle size
distribution [7].

In [12] a method of determining solid
phase concentration and the crushed material
particle content of particle size several classes
based on the ratio of the Lamb waves signals,
which characterizes the particle size distribution of
the controlled medium (Fig. 1) is described.
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The value of the signal S; is determined by
the concentration of the solid phase and its particle
size distribution, the signal S, is proportional to the
volume fraction of the solid in the pulp. The S
value depends only on the solid particles size
distribution, and hence uniquely determine the
concentration of the solid phase particle size
control class.
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Figure 1. The measurement of pulp solid phase particle
size distribution:

1 —controlled environment;
receiver
container

2, 3 -transmitter and
of ultrasonic oscillations; 4 —measuring

Wave solutions for classical elastic
medium are the simplest and therefore the most
illustrative. However, the behavior of real media is
much more complex and this is due to the presence
of interrelated processes of dissipation and

dispersion of waves [13]. The presence of
dispersion leads to a distortion of the wave packet
during its propagation. This distortion the stronger

the more spaced apart the velocities of Ct(l) and

Ct(z), as well as the greater the distance from the

source [14].
The solution of the dispersion relation

det[R(k, a))] =0 are the two complex-valued

functions ka(w) and kg(w). In this case, to calculate
the phase and group velocities, we use only real
parts of the wave numbers
C, (@) =0/%k(w)
; 2
C, (a)) = ; @
Rk'(w)

The wvelocity data depending on the
physical frequency is shown in Fig. 2a and Fig. 2b,
where the velocities for the first wave mode are
shown in solid lines, and the second — in dashed.
The dependences of the speed on frequency
indicates that there is a wave dispersion. The
presence of dispersion leads to a distortion of the
wave consisting of harmonics with different
frequencies.

The presence of dissipation for each wave
mode is determined by conditions

ok, (0)>0, pk,(»)>0, 3)

This also leads to a change in the
amplitude of the wave packets according to the
distance (Fig. 2c) [14].

In Mode shape v2 and Waveform Revealer
toolboxes [15] in MATLAB the simulation of
Lamb wave propagation in a dispersion medium
was performed under the following conditions: the
1st- mode wave with a frequency f;=1000 kHz,
d=1mm, f=1MHz, clcs =2,8379. The dispersion
curves, the displacement vector, the stress graphs

Oy Oy 10y Oy o @S Well as the parameters
of the antisymmetric Lamb wave are shown in Fig.

3-5.
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Figure 4. The displacement vector of the antisymmetric Lamb wave
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Figure 5. The stress graphs O
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Conclusions

Thus, the above-described ultrasonic
testing method allows us to determine the mineral
disclosure degree, the solid phase concentration
and the particle size distribution of the crushed
material in the pulp flow based on the
measurements of the Lamb waves parameters
considering the influence of the dispersion and
dissipation effects.
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