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The method of monitoring parameters of a solid phase
of suspension comprises the steps of producing a Lamb
wave and gamma-radiation and passing them respec
tively through a test medium (2) along the wall of a
measuring vessel (1) and through the test medium (2)
placed therein, measuring the amplitude of the Lamb
wave and the intensity of gamma-radiation, while using,
as the test medium, separately a standard liquid and the
analyzed suspension to find the parameters of the solid
phase of suspension by way of the ratio of the measured
values. A device realizing this method comprises a mea

suring vessel (1), an emitting ultrasonic converter (4), a
receiving ultrasonic converter (7) which are mounted
on the wall of the measuring vessel (1) separated by
forming prisms (5 and 6), a pulse generator (3), amplifi
ers (8 and 18), a source (16) of gamma-radiation and a
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receiver (17) of gamma-radiation which are mounted on
the walls of the measuring vessel (1), a multivibrator (9),
a one-shot multivibrator (10), a delay line (11), a square
pulse generator (12), a gating unit (13), smoothing filters
(14, 19), an amplitude detector (15), and a data process
ing assembly (20) comprising units (21 and 22) for set
ting standard values, two subtraction circuits (23, 24)
and a dividing circuit (25).
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2
so that, in the given case, the quantity measured is the
amplitude of ultrasonic vibrations dying out when
passed through the test medium.
In the afore-mentioned device the test medium placed
in the measuring vessel passes ultrasonic vibrations at
several fixed frequencies, said vibrations being pro
duced by the use of the pulse generators and the emit

METHOD OF MONTORING PARAMETERS OF

SOLID PHASE OF SUSPENSION AND DEVICE
THEREFOR

TECHNICAL FIELD

This invention relates to methods of measuring char
ultrasonic converters. As stated above, the test
acteristics of comminuted materials in a liquid medium ting
medium
particles in the solid state of the
by ultrasonic methods and, in particular, to a method of 10 suspensionrepresents
taken for analysis from the production line,
monitoring parameters of a solid phase of suspension
said particles being immersed in clean water contained
and a device realizing this method.
in the measuring vessel.
BACKGROUND ART
The receiving ultrasonic converters convert ultra
There is a known method for monitoring parameters 15 sonic vibrations passed through the test medium into
of a solid phase of suspension (cf., G. A. Han electrical signals that characterize the amplitude of said
"Oprobovanie i kontrol tekhnologicheskikh protsessov ultrasonic vibrations and are amplified by the amplifier.
obogascheniya", 1979, Nedra Publ., Moscow, pp. The measured amplitudes of the amplifier output signals
47-49) which comprises the steps of preliminarily form are used to determine parameters of particles in the solid
ing a sample of suspension to be analyzed, obtaining a 20 phase of the analyzed suspension. The amplitudes of the
solid phase of the formed suspension sample, for exam amplifier output signals are measured at fixed time inter
ple, by drying, and measuring mass and subsequently vals after said particles in the solid phase begin to settle,
volume thereof. The sample volume is determined con the counting being started immediately after their im
sidering a change in the volume of the liquid displaced mersion in clean water contained in the measuring ves
as the dry material constituting the solid phase of the 25 sel. The obtained data is used to determine the size of
formed sample is immersed in a measuring vessel con solid particles and the density of the solid phase of the
taining the liquid. The density of particles in the solid analyzed suspension.
state of the analyzed suspension is determined by the
However, the prior art methods of monitoring pa
relation between the measured mass of the solid phase rameters of a solid phase of suspension, which have
of the formed suspension and the volume thereof.
been discussed above, and the device therefor are char
There is also known a method of monitoring parame 30 acterized by a long checking process inasmuch as pa
ters of a solid phase of suspension (cf.SU, A, 896,542) rameters of a solid state of suspension are measured as a
wherein ultrasonic vibrations are set up at several fixed function of precipitation over a long time in a series of
frequencies and applied to a test medium placed in a
performed on a stationary test medium at predeter
measuring vessel. The ultrasonic vibrations are affected tests
mined time intervals.
35
by the test medium whereby parameters of said vibra
Before checking, it is necessary to remove the solid
tions, more specifically, their amplitude change are phase
and dry it as a preparatory step. Such operations
monitored. In this case the text medium is a mixture of
involve
losses of suspended particles during preparation
particles in the solid state of the analyzed suspension and transfer
of samples, a disadvantage substantially
and liquid, for example, clean water. Thereafter, the decreasing checking
Moreover, accuracy in
40
amplitude of the ultrasonic vibrations passed through measuring parametersaccuracy.
of
a
solid
phase of suspension
the test medium is measured, the value thereof being with an ultrasonic wave passed throughout
a test me
used to determine the size of particles in the analyzed dium is appreciably decreased due to a varying
size of

suspension. Also, measurements are made of the time at solid-phase particles, which is also a limiting factor.
which particles of a definite size settle within the mea
45
suring vessel. The time value is used to determine the
density of particles of the analyzed suspension.
There is also known a device for accomplishing the
foregoing method of monitoring parameters of a solid
phase of suspension (SU, A, 896,542), which comprises
such series-connected components as a pulse generator
and an emitting ultrasonic converter, and also a receiv
ing ultrasonic converter connected to the input of an
amplifier designed to amplify an ultrasonic vibration

amplitude signal. The emitting ultrasonic converter and

DISCLOSURE OF THE INVENTION

50

the receiving ultrasonic converter are disposed on a 55
wall of a measuring vessel on different sides thereof and
are acoustically interconnected via the test medium.
The measuring vessel is filled with the test medium
representing a mixture of solid particles of the analyzed
suspension and clean water. The known device also 60
includes a data-processing assembly designed to deter
mine parameters of the analyzed suspension using the
results obtained in amplitude measurements. The re
ceived data is in turn used for computing parameters of
the solid phase of said suspension, said data-processing 65
assembly comprising a standard-amplitude setting unit
and a subtraction circuit. The input of the data-process
ing assembly is connected to the output of the amplifier

The object of this invention is to provide a method of
monitoring parameters of a solid phase of suspension
and a device realizing this method, which would permit
continuous monitoring of parameters of a solid phase of
suspension during the movement of a test medium with
out such preliminary steps as removal and preparation
of a solid phase of suspension with a view to improving
the accuracy of measurements and reducing the total
monitoring time.
There is provided a method of monitoring parameters
of a solid phase of suspension, comprising the steps of
forming and emitting an ultrasonic vibration, passing it
through a test medium placed in a measuring vessel,
subsequently measuring the amplitude of the ultrasonic
vibration passed through the test medium and using the
obtained amplitude values for determining parameters
of the test medium, in which, according to the inven
tion, a standard liquid of suspension is separately used as
the test medium, gamma radiation is additionally
formed and successively passed through said standard
liquid and suspension, a measurement is made of inten
sity of said gamma radiation passed through said stan
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dard liquid and suspension, a Lamb wave being used as

said ultrasonic vibration, said wave being propagated in
said standard liquid and suspension along a wall of the
measuring vessel whereupon a measurement is made of

the amplitude of the Lamb wave passed along said wall

of the measuring vessel over a fixed distance, while
parameters of the solid phase of the suspension are de
termined using the relation between the obtained values
of the Lamb wave amplitude and the intensity of said
gamma radiation.
It is preferable that the hereinproposed method of

5

sion and standard liquid are in flow, a factor decreasing

O

ultrasonic converter, and a data-processing assembly
connected to the output of the first amplifier, which,
according to the invention, comprises a multivibrator, a
one-shot multivibrator, a delay line, a square pulse
shaper, a gating unit, and a first smoothing filter, said

components being connected in series, an amplitude

detector having its input connected to the output of the
first amplifier and its output connected to a data in-out
of the gating unit, a gamma radiation source and a
gamma radiation receiver, which are disposed on oppo
site walls of the measuring vessel, a second amplifier
and a second smoothing filter whose input is connected
to the output of the gamma radiation receiver via the
second amplifier, the amplifiers used being logarithmic
amplifiers, acoustically interconnected receiving and
emitting ultrasonic converters being disposed on a wall
on the measuring vessel at a predetermined distance
from each other with forming prisms therebetween, the
data-processing assembly comprising two units for set
ting standard values of the Lamb wave amplitude and
the gamma radiation intensity, two substraction circuits
and a dividing circuit, the outputs of the standard-value
setting units being respectively connected to the inputs
of the subtraction circuits, the outputs of which are
connected to the inputs of the dividing circuit and
whose inputs are connected to the outputs of the
smoothing filters.
It is of advantage that the device should comprise an

the duration of the checking process and making the
obtained data more reliable.

Also, the test area will be free of gas pockets due to
the utilization of additional ultrasonic vibrations and
15

radiation is propagated.
There is also provided a device for accomplishing the
hereinproposed method of monitoring parameters of a

solid phase of suspension, comprising a measuring ves
sel, an emitting ultrasonic converter, a receiving ultra
sonic converter, said converters being disposed on a
wall of the measuring vessel, a pulse generator con
nected to the input of the emitting ultrasonic converter,
a first amplifier connected to the output of the receiving

of said suspension in measurements of the Lamb wave

amplitude and the gamma radiation intensity.
Furthermore, solid-phase parameters are checked in a
moving test medium, that is, while the analyzed suspen

monitoring parameters of a solid phase of suspension
should comprise the steps of additionally forming ultra
sonic vibrations and applying them to said standard

liquid and the analyzed suspension before said gamma

4.

of additional influencing factors, more specifically,
gamma radiation and additional ultrasonic vibrations,
an advantage appreciably decreasing the effect of gas
pockets and a varying size of particles of the solid phase

provision of a storing vessel with an additional emitting
converter and an additional pulse generator, a feature
enhancing accuracy in measuring parameters of a solid
phase of suspension.
BRIEF DESCRIPTION OF DRAWINGS

20

25

30

These, together with other objects and features of the
invention will become more readily apparent from the

following detailed description with reference to a spe
cific embodiment thereof, taken in conjunction with the
accompanying drawings, wherein:
FIG. 1 is a block diagram of a device for accomplish
ing a method of monitoring parameters of a solid phase
of suspension according to the invention; and
FIGS. 2a-2g are diagrams illustrating operation of
the device of FIG. 1 according to the invention.
BEST MODE OF CARRYING OUT THE
INVENTION

The method of monitoring parameters of a solid
phase of suspension forming the subject of the present
35

invention is accomplished as follows. A pump (not

shown in the drawing) is continuously operated to fill a
measuring vessel 1 (FIG. 1) with a test medium 2 which
is initially a standard liquid, for example, clean water.
Simultaneously an ultrasonic vibration is produced and
transformed into a Lamb wave, which is generated in a

wall of the measuring vessel 1, and an additional influ
encing factor (gamma radiation) is provided. The Lamb
45

50

additional pulse generator and an additional emitting

ultrasonic converter connected via its input to the out
put of the additional pulse generator whose input is 55
connected to the output of the one-shot multivibrator,
provision being also made for a storing vessel hydrauli
cally connected with the measuring vessel and having
connections for delivering and draining a test medium,
the additional emitting ultrasonic converter being ar
ranged within the storing vessel.
The invention makes it possible to reduce the time
required for checking parameters of a solid phase of
suspension and to enhance accuracy of their measure
ment due to: omission of such a preliminary step as
preparation of a test sample of said suspension; utiliza
tion of Lamb waves propagated in the test medium
along a wall of the measuring vessel; and employment

wave propagates at the interface between the measuring
vessel 1 and the test medium 2, that is, along the wall of
the measuring vessel 1, as shown with arrow "p', while
said gamma radiation is transmitted transversely
through the test medium 2, as shown with arrow "q".
After the Lamb wave covers a fixed distance "l' on
the wall of the measuring vessel 1, it is converted into an
ultrasonic vibration and then into an electrical signal
whose amplitude is amplified on a logarithmic scale,
which ends the process of obtaining a signal character
izing the amplitude of the Lamb wave affected by the
standard liquid. Thereafter the signals amplified on a
logarithmic scale are detected and a low-frequency
component is derived, which completes the process of
measuring the Lamb wave amplitude for the standard
liquid, the measured value being a standard amplitude
of the Lamb wave.

After the gamma radiation covers a fixed distance

"m' in the test medium 2, the glow originated by said
gamma radiation is converted into an electrical signal,
its amplitude being amplified on a logarithmic scale,
said signal characterizing the intensity of the gamma
radiation affected by the test medium 2, that is, by the
standard liquid. This signal is frequency-averaged,
which ends the process of measuring the gamma radia
tion intensity for the standard liquid, the measured

5

5,078,011

value being a standard intensity of the gamma radiation.
Next, the standard liquid is drained and the measuring
vessel is again filled with the test medium 2 which is
now a suspension whose solid phase consists of particles
measuring about 1 mm. The suspension possesses suffi
cient fluidity since its solid phase is mixed with a suit
able liquid. The above process of measuring the Lamb
wave amplitude and the gamma radiation intensity is
repeated this time for the suspension (hereinafter re
ferred to as "effective value').
The measured values of the Lamb wave amplitude
and the gamma radiation intensity for the standard liq
uid and the suspension are used to determine concentra
tion and density of the solid phase of said suspension by
calculating a logarithmic difference between the Lamb
wave amplitudes for the standard liquid and the suspen
sion and also a logarithmic difference between the
gamma radiation intensities for the standard liquid and
the suspension whereupon the relation between said
differences is determined. The ultrasonic vibration fre
quency range is preferably within 400 kHz-3.5 MHz.
The gamma radiation intensity varies within wide lim

6

and the gamma radiation receiver 17 is a scintillator
connected to a photomultiplier (not shown in FIG. 1).
The output of the amplifier 18 is connected to the input
of a second smoothing filter 19. The outputs of the
smoothing filters 14 and 19 are connected to the inputs

of a data-processing assembly 20 used to process the
measured values of the Lamb wave amplitude and the
gamma radiation intensity for the standard liquid and

10

the analyzed suspension, said values being represented
in an analog or digital form. The processing is aimed at
obtaining the required parameters of the solid phase of

the suspension, that is, its density and concentration.
The data-processing assembly 20 comprises a Lamb
wavestandard amplitude setting unit 21 and a gamma
15 radiation standard intensity setting unit 22. The output
of each of said units 21 and 22 is connected to one of the
inputs of subtraction circuits 23 and 24, respectively.
The other input of each of said subtraction circuits 23
and 24 acts as one of the inputs of the data-processing
assembly 20 connected, respectively, to the output of
the smoothing filter 14 and to the output of the smooth
ing filter 19. The output of each of said subtraction
its, a condition attainable by the use of any standard circuits 23 and 24 is connected to a respective input of
a dividing circuit 25 whose output serves as the output
sources thereof.
A detailed description of the proposed method for 25 of the device, providing a signal representative of the
monitoring parameters of a solid phase of suspension density of the solid phase of the suspension. A signal
will now be continued by reference to a preferred em representative of the concentration of the solid phase of
bodiment of the device therefore, which comprises the the suspension is derived from the output of the subtrac
measuring vessel 1 designed to accommodate the test tion circuit 23.
medium 2, that is, the standard liquid or the analyzed 30 The device forming the subject of the invention also
suspension. The device forming the subject of the pres incorporates an additional pulse generator 26 connected
ent invention also comprises a pulse generator 3 whose via its input to the output of the one-shot multivibrator
output is connected to an emitting ultrasonic converter 10 and via its output to the input of an additional ultra
4 disposed on a wall of the measuring vessel 1 via a sonic emitting converter 27 providing high-power ul
forming prism 5 intended for converting ultrasonic 35 trasonic vibrations for eliminating the effect of gas
vibrations coming from the output of the emitting ultra pockets in the test medium 2, a feature enhancing mea
sonic converter 4 into a Lamb wave propagating along suring accuracy. The additional ultrasonic converter 27
the wall of the measuring vessel 1 at the interface be is arranged within a storing vessel 28 hydraulically
linked with the measuring vessel 1 through a connec
tween said wall and the test medium 2, as shown with
arrow "p'. A receiving ultrasonic converter 7 is ar 40 tion 29 communicating via an adapter funnel 30 with the
ranged at a fixed distance "1" from the forming prism 5 storing vessel 28 which is a cylindrical structure in the
within an acoustic communication area by the use of preferred embodiment of the invention. The storing
another forming prism 6, the output of said converter vessel 28 has connections 31 and 32 for delivering and
being connected to the input of an amplifier8 serving to draining the test medium 2, respectively. The drain
amplify the signal characterizing the Lamb wave ampli 45 connection 32 is in communication with the cavity of
tude. The forming prism 6 and the receiving ultrasonic the storing vessel 28 via an outlet 33 provided in the
converter 7 are designed to conver the Lamb wave into wall of the storing vessel 28 above the additional emit
ultrasonic vibrations and into a corresponding electrical ting ultrasonic converter 27 and below an inlet 34 so
that the ultrasonic converter 27 is always found below
signal.
The device also includes sich series-connected com 50 a level 35 of the test medium 2 in the storing vessel 28.
The emitting ultrasonic converter 4 and the receiving
ponents as a multivibrator 9, a one-shot multivibrator
10, a delay line 11, a square pulse shaper 12, a gating unit ultrasonic converter 7 use known circuitry (cf. V. V.
23, and a first smoothing filter 14 designed to obtain a Malov, "Piezorezonansnye datchiki', 1978, Energy
signal representative of the Lamb wave amplitude. The publishers, Moscow, p. 37).
data input of the gating unit 13 is connected to the 55 The generator 3 and the additional pulse generator 26
output of an amplitude detector 15 having its input may be constructed in a known manner (for example, as
connected to the output of the amplifier 8, while the described in "Impulsnaya tekhnika' by Yu. A. Bram
input of the pulse generator 3 is connected to the output mer et al., Vischaya Shkola publishers, 1976, Moscow,
of the one-shot multivibrator 10. The hereinproposed p. 136). Refer to the same publication for the construc
device also comprehends a gamma radiation source 16 60 tion of the gating unit 15 (p. 305) and the smoothing
and a gamma radiation receiver 17 arranged oppositely filters 14 and 19 (p. 150).
The units 21, 22, the substraction circuits 23, 24 and
on different sides of the measuring vessel 1 (in a cross
section) and separated by a fixed distance "m" equal to the dividing circuit 25 are essentially similar to known
the width of the measuring vessel 1. The output of the components (cf. V. I. Korneychuk et al. "Vychislitel
gamma radiation receiver 17 is connected to the input of 65 nye ustroistva na mikroskhenakh', 1986, Technika
an amplifier 18 used to amplify the amplitude of the publishers, Kiev).
The gamma radiation source 16 is a stock-produced
signal characterizing the gamma radiation intensity.
The components 18 and 8 are logarithmic amplifiers, unit providing gamma radiation with intensity varying

7
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therefrom, that is, converts the pulse signal into a di
rect-current signal of the same amplitude (FIG.2g), said

within wide limits (cf. G. A. Khan, "Cheking and moni
toring of concentration processes", 1979, Nedra pub
lishers, Moscow).
Turning now to FIGS. 2a-2g there are shown volt

amplitude corresponding to that of the Lamb wave
passed along the wall of the measuring vessel 1.

age waveforms at different points of the circuitry illus
trating operation of the device in compliance with the
invention. In the drawing voltage U is plotted in the

The setting unit 21 is adjusted for a standard ampli
tude Sao of the signal obtained on passing the Lamb
wave as the standard liquid flows in the measuring

ordinate and time t on the abscissa. FIG. 2a shows the

output signal of the one-shot multi-vibrator 10; FIG.2b,
the output signal of the pulse generator 3; FIG.2c, the
output signal of the amplifier 8; FIG. 2d, the output
pulse of the amplitude detector 15; FIG.2e, the output
pulse of the shaper 12; FIG.2f the output signal of the
gating unit 13; and FIG. 2g, the output signal of the
smoothing filter 14.
The device for carrying out the proposed method of
monitoring parameters of a solid phase of suspension

operates in the following manner.
The test medium 2, which is a standard liquid in the
case under discussion, flows through the storing vessel
28 and the measuring vessel 1.
The multivibrator 9 furnishes square pulses which are
used to trigger (FIG. 2a) the pulse generator 3 (FIG. 1)

vessel 1.
10

a flash occurs in the scintillator of the receiver 17. The
15

20

vibrations of the test medium 2 with which it is in

35

cal current by the photomultiplier of the receiver 17.
amplitude of the signal derived from the output of the

receiver 17, while the smoothing filter 19 separates a
low-frequency component of the amplified signal.

The setting unit 22 sets the signal amplitude Socorre

sponding to the intensity of the recorded gamma radia
tion with the standard liquid present in the measuring
vessel 1, that is, to the standard intensity of the gamma
radiation.

The standard liquid is subsequently drained and the
measuring vessel 1 is filled with the suspension to be
analyzed. Thereafter the pulse generator 3 and the
gamma radiation source 16 are turned on and the above
operations are performed on the test medium 2 which is
now the suspension. The damping of the gamma radia

tion is governed solely by the concentration of the solid
phase of the suspension and by the density of its parti
cles and does not depend on the size of said particles. As
a result, measurements are made of the Lamb wave
amplitude and the gamma radiation intensity for the

suspension, that is, of the effective values of S and Sy.

ultrasonic converter 7. The receiving ultrasonic con
verter 7 converts the longitudinal ultrasonic vibrations
into an electrical signal. As the Lamb waves pass the
fixed distance "1" on the wall of the measuring vessel 1
containing the test medium 2, their damping is governed
solely by concentration of the solid phase of the suspen 45
sion and depends neither in the particle size nor on the
size spread.
Simultaneously a pulse from the one-shot multivibra
tor 10 is applied to the input of the delay line 11. From
the delay line 11 it comes to the shaper 12 generating a SO
square pulse (FIG.2e) which enables the gating unit 13.
Delay time to of the pulse delivered to the shaper 12
through the delay line 11 is dependent upon time T
(FIG.2c) during which the pulse furnished by the pulse
generator 3 is delivered from the emitting ultrasonic 55
converter 4 to the receiving ultrasonic converter 7.
Duration T of the square pulse generated by the shaper
12 (FIG. 2e) corresponds to the duration of the data
carrying portion of the received signal appearing at the
output of the amplifier 8 (FIG.2c) after the time T. In
this case T = 7.

The inputs of the subtraction circuit 23 accept signals
from the output of the unit 21 and the smoothing filter
14, that is So and S, the difference therebetween being
determined by said circuit. The computed difference
So-S corresponds to the concentration of the solid
phase in the analyzed medium and may be represented
in any form (analog or digital).
The substraction circuit (24) computes the difference
between Syo and Sy, which corresponds to the gamma
radiation intensity and depends both on the concentra
tion and density of the solid phase of the suspension,

that is, the computed difference is So-Sy.

The dividing circuit 25 computes the magnitude
-S
s = Syo
SAo - Sa-,

which corresponds to the density of particles in the
solid phase of the analyzed suspension.
To eliminate the effect of gas pockets on the results
obtained in measuring the magnitude S, the pulses from
the one-shot multivibrator 10 are used to trigger the
additional generator 26, thereby inducing high-power
ultrasonic vibrations whose dynamic effects (acoustic
flow and radiation pressure) are utilized to degas the
test medium 2. Stated differently, the gas phase (gas

The signal received by the receiving ultrasonic con
verter 7 is amplified on a logarithmic scale by the ampli

fier 8 (FIG.2c) and detected by the amplitude detector
15 from which the signal (FIG. 2d) is applied to the
gating unit 13 which passes only the data-carrying por
tion of the received signal (FIG.2f), while the smooth
ing filter 14 separates a low-frequency component

resultant glow is intensified and converted into electri
The amplifier 18 is used to find the logarithm of the

by means of the one-shot multivibrator 10. The pulse
generator 3 induces a series of high-frequency electrical 25
oscillations at a fixed frequency (FIG. 2b). (FIG. 2
illustrates conversion of one pulse).
The emitting ultrasonic converter 4, for example, of
piezoelectric type converts an electrical signal derived
from the output of the generator 3 into elastic ultrasonic 30

contact. Said ultrasonic vibrations are transformed by
the forming prism 5 into Lamb waves propagating
along the wall of the measuring vessel 1 containing the
test medium 2. After covering the fixed distance "1" on
the wall of the measuring vessel 1, the Lamb waves
come to the other forming prism 6 which transforms
then into longitudinal ultrasonic vibrations, said vibra
tions being subsequently transmitted to the receiving

The gamma radiation source 16 sets up gamma radia
tion propagated through the walls of the measuring
vessel 1 and the test medium 2, that is, through the
standard liquid. Under the effect of the gamma radiation

65

pockets and bubbles) are removed from the test medium

2 contained in the storing vessel 28. The effect of the gas

medium upon the gamma radiation intensity is, thus,
prevented.

5,078,011
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into a Lamb wave and vice versa, as well as the gamma

The constant level 35 of the test medium 2 over the

radiation source 16 and the gamma radiation receiver 17
incorporating a scintillator and a photomultiplier. Fur
thermore, such components of the device as the multivi
brator 9, the one-shot multivibrator 10, the delay line
vessel 1 with minimum errors. Therefore, the amount of 11, the square pulse shaper 12, the gating unit 13, the
the test medium 2 supplied to the storing vessel 28 amplitude detector 15, the smoothing filters 14, 19 and
through the connection 31 exceeds that drained through the amplifiers 8, 18 provide for matched operation of
the connection 32. The excessive amount is discharged the emitting and receiving ultrasonic converters 4, 7 of
through the connection 32, that is, the constant level 35 10 the device and its gamma radiation source 16 and re
of the suspension or standard liquid is maintained in the ceiver 17 in accordance with the operations comprised
in the proposed method of monitoring density of the
storing vessel 28.

additional emitting ultrasonic converter 27 and its stable
flow through the measuring vessel 1 are the necessary
conditions for adequate degassing of the test medium 2
and measurements of its parameters in the measuring 5

To decrease variation of the level of the test medium

2 in the storing vessel 28, it is fed thereto through the
connection 31 which is disposed above the connection

15

solid phase of the suspension. The preferred circuitry of
the data-processing assembly 20 with the logarithmic
amplifiers 8 and 18 makes it possible to compute both

density of the solid phase of the analyzed suspension
and its concentration (the output signal of the unit 23).
All the positive features mentioned above permit de
cles of the solid phase, while its excessive amount is creasing the duration of a parameter monitoring process
discharged through the connection 32. Such an arrange 20 and enhancing measuring accuracy. The accuracy of
ment of the connection 32 provides for minimum varia measurements may also be improved if, before transmit
ting gamma radiation and a Lamb wave through the test
tions of the level of the test medium 2 when it is drained.
medium 2, according to the present method of monitor
EXAMPLE 1
ing parameters of a solid phase of suspension, said test
The parameters of a solid phase of suspension were 25 medium 2 is additionally subjected to a high-power
checked in compliance with the method forming the ultrasonic vibrations, which is done by incorporating, in
subject of the present invention. The output pulses of the circuitry of the device, an additional pulse generator
the generator 3 had the following parameters: duration, 26 and an additional emitting ultrasonic converter 27
5us; amplitude, 180 V; recurrence rate, 1000 Hz. The arranged within the storing vessel 28, hydraulically
gamma radiation source 16 was one having cobalt iso- 30 linked with the measuring vessel 1, below the level 35 of
tope Co60 as an active element. The analyzed suspension the test medium 2. This procedure eliminates gas pock
was ferromagnetite. The density of the solid phase of ets in the test medium 2 which might cause errors in
the suspension corresponding to the measured value of measurements of intensity of gamma radiation transmit
the output signal of the dividing circuit 25 (4.1 V) was ted through the test medium 2.
35
found to be 3.2 g/cm3.
INDUSTRIAL APPLICABILITY
EXAMPLE 2
This invention can be used in ore-mining, chemical
The parameters of the output pulses of the generator and construction industries for measuring concentra
3 were similar to those given in Example 1 above. The tions and density of particles in a solid phase of gas-con
gamma radiation source 16 was one having caesium 40 taining suspensions, which is required to effect further
isotope Cs137 as an active element. The analyzed suspen control over the concentration process of, for example,
sion was copper-containing ore. The density of the solid ore rocks.
We claim:
phase of the suspension corresponding to the measured
1. A device for monitoring parameters of a solid
value of the output signal of the dividing circuit 25 (3.5
45 phase of suspension, comprising a measuring vessel, an
V) was found to be 2.9 g/cm3.
As is apparent from the above description of the emitting ultrasonic converter mounted on a wall of the
proposed method for monitoring density of a solid measuring vessel for passing Lamb waves along said
phase of suspension and the device therefor, an advan wall, a receiving ultrasonic converter mounted on said
tage of the present invention is that it eliminates a pre wall of the measuring vessel a fixed distance from the
liminary step of preparing a sample of suspension to be 50 emitting ultrasonic converter, a generator of Lamb
analyzed, that is, there is no need to separate and dry the waves, connected to an input of the emitting ultrasonic
solid phase inasmuch as the checking process is effected converter, an amplifier of an ultrasonic vibration signal,
continuously in the flowing test medium 2, for example, connected to an output of the receiving ultrasonic con
in the flowing suspension or standard liquid. This ad verter, and a data processing assembly electrically con
vantage is attributed to the utilization of a new factor 55 nected with the amplifier and including in sequence a
affecting a test medium, that is, gamma radiation whose multivibrator, a one-shot multivibrator, a delay line, a
intensity is governed solely by the concentration and square pulse shaper, a gating unit, and a smoothing
density of a solid phase of suspension and depends nei filter, all connected in series, an amplitude detector
ther on a particle size spread nor on the effect of gas having an output connected to a data input of the gating
bubbles occurring in the test medium 2. The use of a 60 unit, a gamma-radiation source and a gamma-radiation
Lamb wave as an ultrasonic wave propagating on the receiver mounted on the walls of the measuring vessel
wall of the measuring vessel permits checking density of opposite each other, a gamma-radiation signal amplifier
the solid phase of the suspension at the interface be and another smoothing filter with an input connected
tween the wall and the test medium, a factor making via the gamma-radiation signal amplifier to the output
measurements less dependent on a particle size spread 65 of the gamma-radiation receiver, and wherein the am
and on the effect of gas bubbles. The device forming the plifiers are logarithmic amplifiers, while the receiving
subject of the present invention comprises special form ultrasonic converter and the emitting ultrasonic con
ing prisms 5 and 6 transforming ultrasonic vibrations verter are acoustically coupled to each other and
32. The incoming test medium 2 is set in rotary motion
about the centre of the storing vessel 28 with minimum
oscillations of its surface without segregation of parti
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mounted on the wall of the measuring vessel via form

ing prisms at a fixed distance from each other, and the

data processing assembly further comprises a setting
unit for setting a standard value of intensity of gamma
radiation, a further setting unit for setting a standard
Lamb wave amplitude two substraction circuits, and a
dividing circuit, outputs of the setting units being con
nected respectively to outputs of substraction circuits
having their outputs connected to inputs of the dividing
circuit and their inputs to outputs of the smoothing

12

2. A device as claimed in claim 1, characterized by an
additional pulse generator and an additional emitting
ultrasonic converter having its input connected to an
output of the additional pulse generator, the additional
pulse generator having an input connected to the output
of the one-shot multivibrator, and, wherein a storing
vessel is hydraulically connected to the measuring ves
sel and has connections for feeding and draining the test
medium, the storing vessel housing therein an additional
10

filters.
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emitting ultrasonic converter.

