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Abstract
Method of automatic control of ore suspension solid phase parameters, which comprise the forming 
of gamma rays and low-frequency volume ultrasonic waves in the ore material suspension flow, 
measurement of the intensity of gamma radiation and low frequency volume ultrasonic waves, is 
presented.
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The invention relates to acoustic measurements 
and can be used for automatic control of the main 
characteristics of the ore solids in suspension, in 
particular the concentration of solids, its size distri-
bution and the useful component disclosure degree. 
The closest technical solution, which is selected as a 
prototype, is a method of automatic control of the ore 
suspension solid phase parameters [1]. The disadvan-
tage of this method is that the Love waves intensity in 
the measuring chamber wall, which contacts with the

controlled medium flow varies according to condi-
tion of the metal film on the measuring chamber wall, 
which is in constant contact with the ore suspension 
abrasive medium. Wear and removing of the metal 
film leads to ambiguity of measured values, which 
are determined according to the parameters of the ore 
suspension solid phase. Thus, the known method re-
quires constant monitoring and determining the state 
of metal film on the wall of the measuring chamber, 
and is impossible in the existing production. This fact
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leads to errors and, consequently, reduces the stability 
and reliability of measurement results. The object of 
the invention is to improve a method of ore suspen-
sion parameters automatic control by increasing the 
stability and reliability of measurement results [2-4].

The problem is solved by the method of automatic 
control of the ore suspension solid phase parameters, 
which comprise the forming of ore suspension ma-
terial flow and the reference fluid in the measuring 
chamber, periodic influence of ultrasonic vibrations 
on suspension flow, formation of high frequency 
volume ultrasonic waves in the ore suspension flow, 
intensity measurement of high frequency volume                  
ultrasonic waves, which have passed a fixed distance 
in the presence of reference liquid and ore suspen-
sion flow in the measuring chamber in the periods of 
ultrasonic oscillations influence on suspension flow, 
and in case of its absence, and calculation of meas-
ured values ratios, according to which the parameters 
of ore suspension solid phase are determined [5-9]. 
According to the invention, gamma radiation and low 
frequency volume ultrasonic waves in the flow of ore 
material slurry are formed, the intensity of gamma ra-
diation and low-frequency volume ultrasonic waves 
is measured. 

The method is implemented as follows [10-11]. 
Firstly, the reference liquid (water) is fed into the 
measuring chamber. Gamma radiation in the measu- 
ring chamber is formed, and passes a fixed distance 
in it. The obtained result is attenuation of the gamma 
radiation intensity. This result is reference (basic). In 
operation condition, the ore material suspension flow 
in the measuring chamber is formed. Gamma radia-
tion, which passes a fixed distance in the measure-
ment chamber in the presence of ore material suspen-
sion flow, is formed. The attenuation coefficient of 
gamma radiation, which passed a fixed distance in ore 
suspension material flow, is determined by expression

(1 ) W W S SW Wµ ρ µ ρ µ= − +

where μw and μs are the mass attenuation coeffi-
cients of water and suspension ore material respec-
tively;pw and ps are the density of water and suspen-
sion ore material particles respectively; W is the vo- 
lume fraction of ore particles in suspension.

The intensity of gamma radiation, which passed 
a distance l in ore suspension material flow, can be 
presented as follows

(1)
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where I0 – is the intensity of gamma radiation in 
the absence of ore material slurry in measurement 
chamber.

If water is present in the measuring chamber, the 
intensity of gamma radiation will be determined by 
the formula

( )*
0 W WexpI I lρ µ= − (3)

Considering (2) and (3), the intensity of gamma 
radiation can be represented as

(4)

This value does not depend on the particle size of 
solid phase i.e. ore slurry material, and is determined 
only by the slurry solid phase concentration and its 
particles density. According to the proposed method, 
the value Sr for the gamma radiation is formed

*
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where A – is the proportionality coefficient.
This expression shows that the density of the con-

trolled medium, which depends on the ore suspension 
solid phase concentration and its particle density is 
determined by logarithm of intensity ratio of the gam-
ma radiation in the presence of water flow and ore 
suspension in measuring chamber. Similarly, the val-
ue S1 is determined for high frequency and S2 for low 
frequency volume ultrasonic waves, which passed a 
fixed distance through the flow of water and ore sus-
pension. Accordingly, the value S1 is determined by
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(6)

where vol - is the intensity of high frequency vo- 
lume ultrasound waves, which have passed a fixed 
distance z through the flow of water; and >< )(1 zIv

- for 
ore suspension flow. Thus, the value S1 is determined 
by the logarithm of intensity ratio of high frequency 
volume ultrasound waves, which have passed a fixed 
distance z through the flow of water and ore suspen-
sion.

For this

,

.
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where
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ℵ= ∫ F(r) – is the function

 
of the solid phase particle size distribution in the ore 
suspension r; rm – is the maximum solid phase par-
ticle size in the ore suspension; σ (v1r) – is the cross 
section of high frequency volume ultrasonic wave             
attenuation of frequency v on the particle of size r. 
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The value σ (v,r) for any frequency volume ultra- 

sonic waves is determined by the sum of the absorp-
tion cross-sections σs (v ,r) and scattering σc (v ,r) of 
ultrasound

( )( , ) ( , ) ,c sv r v r rσ σ σ ν= + (8)

In high frequency region (v1≥5�106) the ultrasound 
attenuation is caused mainly by scattering of ultra-
sonic waves on the solid phase particles: σ1 (v,r)≈ σc 
(v1 ,r). Therefore, the signal, which is generated at fre-
quency v1 ≥ 5�106 Hz will be determined by the size 
and concentration of ore slurry solid phase particles. 
Thus, value S1 depends on the ore suspension solid 
phase particle size and its concentration W

1 1
0

( , ) ( )
mrWzS v r F r drσ=

ℵ ∫ (9)

In the low-frequency region v2 ≥ 5�105 Hz the ul-
trasound attenuation is caused by viscous inertial ef-
fects: σ (v2,r)≈ σs (v2 ,r). Therefore, the signal, which is 
generated at a frequency v2 ≥ 5�105 Hz will be propor-
tional to the concentration of the ore suspension solid 
phase and independent of its particle size.

Accordingly, the value S2  is determined by the ex-
pression
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For this
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Thus the value S2 depends on the concentration W 
of ore suspension solid phase and does not depend on 
its particle size:

2 2
0
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If we divide (6) by (10), we can obtain a value S, 
which depends on the ore suspension particle size

1

2

SS
S

= (13).

Measurement of the useful component content can 
be reduced to the determination of specific weight (den-

sity) of solid phase particles, which are located in 
the ore suspension. In the measuring chamber sec-
tion, where the value S is determined, the flow of 
enriched material suspension is periodically exposed 
to high intensity ultrasonic waves. Due to the radia-
tion pressure and acoustic flows, there is a displace-
ment of ore suspension solid phase particles from the 
trajectory of their normal movement in the flow in 
the direction of high-intensity ultrasonic oscillations                                             
influence. Displacement of ore suspension solid phase 
particles leads to their redistribution by size and con-
centration in the high intensity ultrasonic oscillations 
influence zone. The value of this redistribution for the 
same particle size is determined only by the mineral 
composition (the ratio of the useful component and 
gangue) and specific weight (density) of each compo-
nent. For solid phase particles of the same size, which 
are crushed to a particle size of useful component                                                                                               
inclusions, the value of the displacement is propor-
tional only to their specific weight. Thus, the change 
value of S parameter under the high intensity ultra-
sonic oscillations influence depends on the useful 
component content in the ore suspension solid phase 
fractions of various size. According to the proposed 
method the value  Sr is determined as

B
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where Sв – is the measured value S in the presence 
of high intensity ultrasonic oscillations influence; S0 - 
is the measured value S in the absence of this influence;  
k1 - is the proportionality coefficient. 

To obtain a signal which depends on the useful 
component content of ore suspension solid phase 
fractions of corresponding size, i.e. disclosure of use-
ful component, the ratio of Sк is calculated

r
K S

S
kS γ

2= (15)

All or only certain size classes of the crushed ma-
terial i.e. a certain solid phase size fraction can be 
displaced in the measurement zone by increasing the 
intensity of ultrasonic oscillations from zero to a cer-
tain value and with ore suspension constant flow rate.
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Thus, the value SК, which is calculated at a certain 
ultrasonic oscillations intensity in the ore suspension 
flow determines the density of solid phase particles or

useful component concentration in ore suspension 
solid phase fractions of appropriate size. 
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Conclusions
Since all calculations are made on the basis of 

measurements relative to characteristics of the refe- 
rence material, the obtained results are protected from 
various disturbing factors, which reduce the accuracy 
of measurement parameters of ore suspension solid 
phase. 

Thus a method of ore suspension parameters au-
tomatic control allows to increase the stability and 
reliability of measurement results of ore suspension 
solid phase.

      References
1.	 Patent 27086 Ukraine, МPК G 01 N 29/02. 

Sposib avtomatychnoho kontrolyu parametriv 
tverdoyi fazy pulpy [The automated con-
trol method of pulp solid phase parameters]. 
№200708421; Appl. 23.07.07; Publ.10.10.07, 
Bul.№16.

2.	 Golyamina I.P. Ultrazvuk: Malenkaya entsik-
lopediya [Ultrasound: Little encyclopedia]. 
Moscow: Soviet Encyclopedia, 1979. 

3.	 Rosenberg L. D. (1967). Fizika i tekhnika 
moshchnogo ultrazvuka. Istochniki moshchno-
go ultrazvuka [Physics and techniques of pow-
erful ultrasound Powerful ultrasonic source]. 
Moscow: SCIENCE.

4.	 Grinman, I., Blyakh, G. (1967). Kontrol i reg-
ulirovaniye granulometricheskogo sostava 
produktov izmelcheniya [Control and regula-
tion of ground product particle size distribu-
tion]. Alma Ata: Nauka.

5.	 Bergman L. (1957). Ultrazvuk i yego prime-
neniye v nauke i tekhnike [Ultrasound and its 

     application in science and technology], Mos-
cow, Foreign literature publishing.

6.	 Landau L.D., Lifshits Ye.M. (1954). Teore- 
ticheskaya fizika. Mekhanika sploshnykh sred 
[Theoretical physics. Continuum Mechanics], 
Moscow:GITTL.

7.	 Kozin V.Z., Tikhonov O.N. (1990). Opro-
bovaniye, kontrol i avtomatizatsiya obogatitel-
nykh protsessov [Testing, monitoring and               
automation of enrichment processes], Mos-
cow: Nedra.

8.	 Protsuto V.S. (1987). Avtomatizirovannyye sis-
temy upravleniya tekhnologicheskimi protses-
sami obogatitelnykh fabrik [Automated pro-
cess control systems of concentrating plants]. 
Moscow: Nedra,.

9.	 Morkun V., Morkun N., Pikilnyak A. (2015). 
Adaptive control system of ore beneficiation 
process based on Kaczmarz projection algo-
rithm, Metallurgical and Mining Industry, 
No2, pp.35-38.

10.	 Morkun V., Morkun N., Tron V. (2015). For-
malization and frequency analysis of robust 
control of ore beneficiation technological pro-
cesses under parametric uncertainty, Metallur-
gical and Mining Industry, No 5, p.p. 7-11.

11.	 Morkun V., Morkun N., Pikilnyak A. (2014). 
Simulation of the Lamb waves propagation on 
the plate which contacts with gas containing 
iron ore pulp in Waveform Revealer toolbox. 
Metallurgical and Mining Industry, No5, p.p. 
16-19.


