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Abstract—Theoretical and experimental studies of the granulation process of mineral fertilizers were
considered in order to identify a mathematical model of the relationship between the vibration noise
spectrum of the installation and the fluidized bed distribution of granule mass by diameter, as the main
indicator of the quality of the granulation product. A method of current (inertial-free) control of granule
mass distribution by diameter in optimal time has been developed. The current control of the distribution
based on the analysis of the noise of the installation allows you to optimize this process in terms of the
quality of the output product and minimize the cycle time of its production.

Index Terms—Granulation quality; pseudo-reinforced layer; vibration spectrum; distribution of granule

mass; identification; optimization.

I. INTRODUCTION

Fertilizer production is always an actual task of
the national economy. A dehydration devices with
fluidized layer are the most effective [1]. The
disadvantage of the granulation process (creation of
granules of a given size from liquid and small
fraction — centers of growth of the diameter of the
granules) is a significant delay in determining the
main indicator of product quality - distribution of
masses of granules by diameters. The narrower this
distribution (dispersion) relative to the desired
diameter, the better the product.

The existing approach consists in periodic partial
discharge of the manufactured product and
construction of histograms of distribution of masses
m of granules by diameter D using a grid system.
This leads to a significant delay in the evaluation

m(D) and, as a result, in slowing down the process.

Therefore, the task of developing a method of
current (inertial-free) distribution control m(D) for

the optimal time 7 is actual: for small T the distribution
m(D) is not optimal D < D, for much — too, due

to the destruction of large-diameter granules [1].

opt

II. STATEMENT OF PROBLEM AND ALGORITHM
OF THEIR SOLUTION

In order to attainment of the delivered goal, it is
necessary to conduct an active experiment on the

experimental installation, which on a large scale
reflects the processes in industrial installations, with
the aim of identifying correlations between the
known (as a result of the active experiment)
histogram  distribution m (D) and the vibration
spectrum of the installation, which arise as a result of
the impact of the formed granules on the walls or a
special screen of the chamber with a fluidized layer.

The experiment was carried out for three
correspondingly selected compositions of granules
(small, medium and large fractions) in a mode close
to the working one (by temperature, humidity,
pressure drop above and below the fluidized layer).
The natural noise background was recorded for the
loaded unit. Experiments were repeated several
times in order to evaluate the reproducibility of
noise spectra for four cases: empty unit, nominally
loaded with small, medium and large granules.

During the experiment, using the visual
observation of the amplitude spectrum of the noise
was determined:

o the noise of the empty installation is in the (0—
300) Hz with peaks near 25 Hz and 50 Hz;

e noises of 8 kHz and more are not reproduced
and are almost independent from particle size noises

o in the range (1-7) kHz have a clearly defined
peak 4, , which the frequency f, depends on the

equivalent diameter D, of the loaded mixture of
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granules, and its sharpness depends from the satter
of the diameters of this mixture.
As an example, Fig. 1 shows a histogram and

distribution m(D) and the corresponding spectrum
of vibrations (Fig. 2).
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Fig. 1. Histogram and distribution of mass of granules by
diameter
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Fig. 2. Granules vibrations spectrum

Indirect indicators — the period T~ of the peak
A of the spectrum T -10*=4.09 ¢, spread

m

o, -10* = 0.338 c, the ratio { of the amplitudes
A, of all kth harmonics in the (2-4) kHz band
except 4, to A, obtained from six experiments for a
mixture with an equivalent diameter D, = 2.52 mm,
a spread of diameters ¢, =0.29 D, o,,=0.05
mm, a spread of D,
relationship o, /D, =0.115

=) 4,/4, =4.6.

Similar results were obtained for the other two
mixtures. Graphical dependences T + G, on

6y, =0.05mm and

D,tc, and {fo, on D, *5, are presented

in Figs 3 and 4 respectively.

As you can see, even within the range of
arguments and functions, it is possible guaranteed to
assert about the existence of a linear relationship

between direct and indirect indicators of the quality
of the granulation product. In order to further specify
this dependence, we will use the methods of
confluent analysis [2].
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Fig. 3. Dependence of the periods of the spectral
component of the maximum amplitude 7° " on the

diameter D,
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Fig. 4. Linear regression between scatters in the spectrum
€ and o, in particle diameters

Based on the physics of the process, before
specifying the structure of the regression

dependence 7" (D,) (Fig. 3), it should be taken into
account that this dependence must pass through the
origin of the coordinates 7" (D, ). Indeed, if D, =
goes to zero, then the frequency f, of vibration
noise goes to infinity, and 7", like f, ', will also go
to zero. Therefore, we will approximate 7" (D, ) by
one-parameter model

T (k)=B,D,(k)+e (k). €))

Similarly and { (o, /D,), because if 5, =0,
thenand £ =0

C(k)=B.(0p/D)+ e (K)C. (@

LSM-estimates [31,[32 of parameters f,,, :
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B =" , A3)
S0 (1)
13 (e}
C(k) D(k)
A k=1 De (k) (4)

Estimates (3), (4) were obtained based on the
experimental data, which are shown in Table I.

Numerical values: [31 =1.54-107", [32 =340,

c; =0.28-10", o, =205,
So, 7" =1.54-10"*-D,, £=340-22
D(f

But denominators, as sums of squares of

relatively exact values, will be overestimated by

and, accordingly, 13010. If the
D,

denominators in expressions (3), (4) were exact, and

the errors in the multipliers were mutually

uncorrelated Gaussian noises, then the estimates

[31,[32 would be unbiased and effective. The latter

2
values 13c
De

can be allowed. Therefore, LSM-estimates [31,[32

will be understated [3].
The uncertainty of these values does not make it

‘;_D(k)zs;g(k)+g4(k). (6)
LSM-estimates ﬁl_l ,ﬁ;l :
YT ()D.(K)
Bl = ——— (7)
k:](T (k))
> (k)2 (k)
py =i L ®)

A -1 ~
Numerical ~ values: (Bl’l) =B, =1.55-107",

TR B
(Bz ) =B, =350.
Therefore, the exact value of the coefficients f3,
and 3,

indicators

the relationship of direct and indirect
be B, e[1.54..1.55]-107",

B, €[340..350]. As a working option, we will
take the average values B, and f,, according to

will

the measured parameters of the vibration spectrum
of the installation, we will monitor the quality of the
produced mixture of granules in the fluidized layer
installation online:

possible to estimate the deviation of the estimates D (t)= 10° () 9)
[31,[32. However, taking into account the one- 1.545
parameter of the MNC-estimation problem, to G, 1 z A,
determine the areas of their possible displacement, D (f )=% P (f ) (10)
we will repeat the LSM-estimates for inverse models ¢ "
D, (k)=B,'T" (k)+&,(k), Q)
TABLE 1. EXPERIMENTAL DATA
1 2 3 4 5 6 7 8 9 10 11 12 13
r 2.1 25 | 2.1 4 47 | 416 | 434 | 3.9 3.86 3.7 3 2.6 34
D, 1.69 2.52 2.05
o
86.2 | 757 | 69 | 2731322 |265| 358 | 353 | 26.7 | 247 90 98 82
Cpi
D(k) 0.258 0.115 0.29
D, (k)

When D,(¢) and its distribution approaches to
desired one, the finished product with a quasi-

optimal distribution m (D) is unloaded in the

minimum time. If the time is extended, the large
granules are destroyed, that is, an undesirable
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process occurs from the point of view of product REFERENCES
quality, time and energy consumption. . .
It zhould be noted%ﬁat the VilI))I'O-aCOU.StiC process (1] Yu,‘ N‘,Khvasu,lkbm’ N. K. KOh,ut_a’ Granulation and
of pellets hitting on surface with a vibro-sensor has a Jiring in a fl l.”dlzed. layer, Kyiv: Naukova dumka,
"tidal" character and the most accurate values of the 1988, 190 p. [in Russian] )
spectrum are reached at the peak of the wave. It is  [2] M. Ya. Ostroverkhov, A. M. Silvestrov, K. Kh.
not difficult to take this into account when Zelenskyi, Research methods of electrotechnical
implementing the proposed method. complexes and systems: a textbook. Kyiv: Talcom,
2019, 300 p. [in Ukranian]

IIl. - CONCLUSION [3] V. M. Sineglazov and A. M. Silvestrov, Theory of

To implement the proposed method, it is necessary identification: a textbook. Kyiv: NAU, 2015, 452 p.
to conduct a similar experiment for each industrial [in Ukranian]
installation and, having obtained the necessary Received September 28, 2022

dependencies (9), (10), optimize the process.
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A. M. CiasBectpoB, M. 5. OctpoBepxoB, JI. 0. Cninyn. BusiBjileHH NpPUXOBaHOI 3aKOHOMIpHOCTI Mik
BiOpourymamu i po3moaijioMm Mac rpaHyJa 3a AiaMeTpoM B YCTAHOBII I'PaHY./IIOBaHHA MiHA00pUB

Po3risiHyTO TEOpeTHKO-eKCIepUMEHTANbHI JIOCTIKEHHsI TPOIeCy TPaHyNIOBaHHS MiHEpaNbHUX JO0OpHUB 3 METOIO
BUSIBJICHHST MaTeMaTUYHOI MOJENI B3a€MO3B’SI3Ky CHEKTPY BiOpOIIYMIiB YCTaHOBKH 3 TICEBJO3PIIKEHUM IIApOM i
PO3IIOALTY Mac TPaHyII 3a JiaMeTPOM, SIK TOJIOBHHM ITOKa3HUKOM SIKOCTI MPOJYKTY rpaHyioBaHHs. Po3pobieHo meron
moroyHoro (0e3 IHEePIHHOro) KOHTPOIIO PO3MOMITY Mac TpaHyl 3a IiaMeTpOM 3a ONTHUMalbHHK dac. IloTouHuit
KOHTPOJIb PO3IOJITy Ha OCHOBI aHalli3y IIyMiB YCTAaHOBKHM JIO3BOJISIE ONTHMI3YBAaTH Liei MpOLEC 3a SKICTIO BUX1ITHOTO
MPOAYKTY 1 MiHIMI3yBaTH 4ac HUKITY HOro BUPOOIEHHS.

KiarouoBi ciaoBa: SKICTh TpaHYIIOBaHHS; IICEBIO3PIMHKEHUI MIap; CHEKTp BIiOpalliif; po3momia Mac TpaHyl;
iICHTU(IKAIISA; ONTHMI3aIlis.

CinbBecTpoB AHTOH MukonaiioBud. J[okTop TexHiuHUX Hayk. [Tpodecop.

Kadenpa teopernunoi enekrporexHiku, HamioHanpHul TeXHIYHUN yHiBepcuTeT YKpainu «KUIBCHKHIA MOMITEXHIYHUMA
incrutyt imeHi Iropst Cikopcbkoroy», Kui, Ykpaina.

Ocgita: KuiBchkuii mosiTexHivynuii incturyt, Kuis, Ykpaina, (1969).

HamnpsiMm HayKoBOi JisUTbHOCTI: Teopis iAeHTU(IKalii JMHAMIYHAX 00’ €KTIB.

Kinpkicts mybmikarii: 260.

E-mail: silvestrovanton@gmail.com



A.M. Silvestrov, L.Yu. Spinul, A.A. Serdiuk Detection of a Hidden Regularity Between Vibration Noise
and the Distribution of Granule Masses by Diameter in at Fertilizer Granulation Plant 43

OctpoBepxoB Mukoiia SIkosuu. JlokTop TexHigHUX Hayk. [Ipodecop.

Kadenpa teopernunoi enekrporexHiku, HamioHanpHUI TeXHIYHUN yHiBepcuTeT YKpainu «KUIBCHKHIA MOMITEXHIYHUHA
incrutyt imeHi Iropst Cikopcbkoroy», Kui, YkpaiHa.

Ocgita: KuiBchbkuii moiTexHivynuid incTutyT, Kuis, Ykpaina, (1985).

HamnpsiMm HaykoBOi AisiibHOCTI: MeTou KepyBaHHS B3a€EMO3B’SI3aHUMH €IEKTPOMEXaHIYHUMHU CUCTEMaMH B yMOBaX
HEBU3HAYCHOCTI MaTeMaTHYHOI MOZIETi 00'€KTY.

Kinpkicts myomikarii: 200.

E-mail: n.ostroverkhov@hotmail.com

Cuinya Jliopmuna FOpiisna. Kannunar texniyanx Hayk. JloneHT.

Kadenpa teopernunoi enekrporexHiku, HamioHanpHul TeXHIYHUN yHiBepcuTeT YKpainu «KUIBCHKHIA MOMITEXHIYHUMA
incrutyt imeHi Iropst Cikopcbkoroy», Kui, Ykpaina.

Ocgita: KuiBchbkuii mosiTexHivynuii incturyt, Kuis, Ykpaina, (1989).

HamnpsiMm HaykoBOi JisUTBHOCTI: Teopis iAeHTU(IKalii JTUHAMIYHAX 00’ €KTIB.

Kinpkicts myomikarii: 100.

E-mail: spinul20@gmail.com



