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ABSTRACT

One of the most energy-intensive operations used in feed technology for livestock is
grinding. Therefore, scientific research aimed at minimizing the consumption of energy resources by
technological machines — crushers and increasing the energy efficiency of the process in general is an
important task. When grinding grain with a moisture content index above the basic condition, there is a low
efficiency of the method of crushing by impact due to the increased plasticity of the material and an increase
in the value of the marginal deformation that the grain can perceive before fracture. Partial solution of this
problem is possible by combining the method of cutting and impact, which formed the basis of a technical
solution implemented in the scientific laboratory of the Vinnytsia National Agrarian University.

In previous scientific research, the authors developed and analyzed a mathematical model of energy
consumption by a crusher drive. As a result of theoretical studies, the analytical and graphical dependence
of the energy consumption by the drive from the angular velocity of the crusher rotor shaft was obtained.

The aim of this article is to verify the reliability of a mathematical model by conducting experimental
tests and comparing the results of experimental researches with theoretical researches.

The experimental part of the work was performed in the laboratories of the department of processes
and processing equipment and food industries of the Vinnytsia National Agrarian University and the
specialized laboratory of «Ovchatsky» MPD, SE «Ukrspirt», using the experimental-industrial model of the
vibration disc-type crusher. The EMF-1:1 electronic wattmeter recorded energy consumption, as well as
wireless tachometer UNI-T UT372 the rotation frequency of the drive shaft (rotor).

Verification of the mathematical model has shown a high level of its adequacy, and it can be used in
the designing of a vibrating disc crusher of this type.

PE3IOME

OdHiero i3 HalbinbWw eHep2oeMHUX onepauil, Wo 3acmoco8yrombCs 8 MEXHOI02l npuaomyeaHHs
Kopmig Ornsi meapuHHuymea € rnoopibHeHHs. Tomy, Haykoei OOCIIOXEHHS CrpsIMO8aHi Ha MiHiMi3aujo
CrIOXUBAHHSI €HepeemuYHUX PEeCcypcie MEexXHOM02IYHUMU MawuHaMmu — Opobapkamu ma nid8UUeHHSs
eHepzaoehekmusHOCMI NMPouecy 8 UirloMy € akmyarsbHor 3adayvero. [pu nodpibHeHHI 3epHa i3 MOKa3HUKOM
gorozoemicmy euuwie 6a3ucHol KoHOUUIT criocmepiecaembCsl HU3bKa eghekmueHicmb criocoby rnoopibHeHHSs
yOGapoM, Wo 3ymMosreHo nidsuUeHo nnacmuyHicmo mamepiany ma 36inbWeHHsIM 3Ha4YeHHs1 epaHUuyHol
Oecpopmauii, siKy 3epHO Moxe crpulimamu 00 pyliHyeaHHs. Yacmkoee eupiwieHHs OaHoi rpobriemu
moxrnugee rnpu KombiHyeaHHi criocoby pisaHHSI ma ydapy, WO i 11592510 8 OCHO8Y MEXHIHHO20 PilleHHS
pearnizoeaHo20 y Haykoeili nabopamopii BiIHHUUbKO20 HayioHabHO20 agpapHo20 yHieepcumemy.

B nonepedHix docnidxeHHsx asmopamu 6ysio po3pobrieHO ma npoaHasi3oeaHo MamemMamuydHy
moderib CrioxxusaHHs1 eHepail npueodom dpobapku.

B pesynbmami meopemuyHux docidxeHb byrno ompumMaHO aHaimu4Hy ma epaidHy 3anexHicmb
crioxueaHHs1 eHepaii npugsodom 8i0 Kymoegoi weudkocmi gasny pomopa Opobapku. Memoro daHoi cmammi €
rnepegipka GocmogipHOCMi  MameMamuyHoi  MOOesi  WIsIXOM  1POBEeOEHHST  eKcriepuMeHmarbHUX
sunpobosysaHb ma ropieHsIHHA pe3yibmamie eKcriepuMmeHmanbHuUx 00Cnio)eHb i3 meopemuyHuUMU.

EkcnepumeHmanbHy 4YacmuHy pobomu eukoHaHO Ha b6a3i nabopamopil kagedpu npouecie ma
obnadHaHHsi riepepobHUX ma Xxap4yoeux eupobHuume BiHHUUbKO20 HauiOHarbHO20 azpapHo20
yHieepcumemy i crieuianizoeaHoi nabopamopii «Ogeuaubkozo MINO» A «Ykpcrnupmy» 3 8UKOpUCMaHHAM
eKcriepumMeHmarbHO-MpPOMUCII08020 3pa3ska 8ibpoduckosoi dpobapku. EnekmpoHHum eammempom EMF-1:1

111



Vol. 55, No.2 /2018 INMATEH — icultutal

ikcysanu nokasHUKU CroxXueaHHs eHepeii, a 6e3npogiOHUM maxomempom UNI-T UT372 wyacmomy
obepmaHHs npueodHoe2o 8ana (pomopa). Bepugbikauis Mamemamu4yHoi Mmodeni nokasana eucoKul pieeHb it
adekgamHoOCmMi, ma 80Ha MOXe 6ymu eukopucmaHa rpu fnpoekmyeaHHi eibpauiltiHoi duckogoi dpobapku
GaHoeo murly.

INTRODUCTION

Today the hammer crushers (Yanovych V.P., Honcharuk T.V., Honcharuk 1.V., Kovalova K.V., 2018)
are usually used in livestock farms and feed mills for grain grinding. In this technological machines, the
destruction of the material occurs as a result of the successive stages of the process: applying a distributed
load to the area of the hinged-hanging hammer (Kudinov Ye.S., Bojko I.G., 2010), the appearance of
deformations in the material and the internal tension, the achievement of the limit values of internal tension
and deformations, the breaking of the bonds of atoms and molecules among themselves (Toneva P., Epple
P., Breuer M., 2011; Nanka O.V., 2015).

In the process of crushing mainly fragile and plastic fractures occur. For a fragile fracture, a slight
deformation of the material is characteristic, and after the destruction there is no residual deformation. The
impact energy is used to overcome the forces of adhesion of body particles, that is, the formation of a new
surface. During the destruction of plastic materials energy is spent on the break of structural bonds and on
significant plastic deformation. The energy expended on deformation turns into heat.

The material strength and its extreme deformation is determined by the structural and mechanical
characteristics of the grain and depends on the variety, size, density, moisture content, temperature,
etc. (Hvozdiev O.V., Shpyhanovych T.O., Yalpachyk O.V., 2011). If moisture content of the material
increases, then the fragility and strength of the material decrease, while the plasticity and absolute
deformation, which the grain can withstand before the beginning of destruction, increase.

Grinding brittle materials requires significantly less energy than plastic. The fragility and plasticity of a
material depends on its physical condition, therefore it is advisable to grind the material in a fragile state.

As experience shows, fodder grain with moisture content, which exceeds the basic conditions, is used
mainly for the production of feed. This is due to the material aspects (market value of raw grain is much
lower) and the production capacity of a particular enterprise.

It therefore becomes apparent that the profitability and competitiveness of the livestock sector depend
on the energy-efficient nature of this technological operation implementation, and the reduction of energy
costs in the process is an important task.

In order to reduce costs, it is very promising to use machines for grinding grain proposed by
Sergeev N.S. (Sergeev S.N., 2008), Yanovych V.P. (Yanovych V.P., 2017), Nanka O.V. (Nanka O.V, Boyko
I.G., 2012). The principle of these machines is based on the combination of cutting and impact action on the
material. The advantage of such a combination is the local excessive stress of the surface microwaves in the
places of loads application. In the cutting process, the knife blade is wedged into the product and at the
contact surface a specific pressure is created that is sufficient for the destruction of the body.

Using the infrastructure of the laboratory of the process and processing equipment and food industry
of Vinnytsia National Agrarian University, a vibration disc crusher was developed (Fig. 1) (Palamarchuk I.P.,
Yanovych V.P., Kupchuk I.M., Solomko I.V., 2013). In this crusher, the electric motor 5 transmits to the
eccentric shaft 7 (through the coupling 6) a rotary movement. The counterweight 8 is set to the eccentric
shaft 7. The eccentric shaft 7 is equipped with a rotor 9 with discs 10.

The rotational movement of the eccentric shaft and counterweight leads to the imbalance of the rotor 9
and the discs 10 (Palamarchuk I.P., Yanovych V.P., Kupchuk I.M., Solomko I.V., 2013; Palamarchuk I.P.,
Yanovych V.P., Kupchuk I.M., 2015).

The material is continuously fed through the feeding throat 2 and is crushed as a result of the rotating
and oscillating motion of the discs 10. With reduced particle size, the crushed material under the action of
centrifugal forces and oscillatory movement of the screen is sieved. The particles equal to or smaller than the
diameter of the sieve holes 4 are discharged through the neck for unloading 3; the residue should be re-
grinded (Palamarchuk I.P., Yanovych V.P., Kupchuk I.M., Solomko 1.V., 2013; Palamarchuk I.P., Yanovych
V.P., Kupchuk I.M., 2015).

This combination of methods of action (impact and cutting) makes it possible to grind raw materials
with high moisture content and reduce energy costs for this technological operation (Palamarchuk I.P.,
Yanovych V.P., Kupchuk .M., 2015; Yanovych V.P., Kupchuk I.M., Kovalchuk O.S., 2016).
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The results of theoretical research of energy consumption on the crusher drive showed a reduction in
consumption compared to existing crushers (Yanovych V.P., Kupchuk I.M., Kovalchuk O.S., 2016). However,
the use of these mathematical models for the design of crushers requires their verification.
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Fig 1 - Vibration disc crusher (kinematic scheme):
1 - frame; 2, 3 - neck for loading and unloading; 4 - sieve; 5 — electric motor; 6 — coupling;
7 — eccentric shaft; 8 - counterweight; 9 - rotor; 10 — discs.

The aim of the article is to check the adequacy of the mathematical model of energy consumption for
driving a crusher by comparing the results of theoretical and experimental research.

MATERIALS AND METHODS

The results of theoretical research on energy consumption by crusher drive are presented in the
previous article (Yanovych V.P., Kupchuk I.M., Kovalchuk O.S., 2016) in the form of analytical (1) and
graphical dependence (Fig. 2).
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Fig. 2 - Energy consumption by crusher drive (theoretical study)
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where M _-— mass of frame, kg; m, — mass of material, kg; M,; — mass of support frame, kg; mb — mass

of bearing units, kg; M, — rotor weight, kg; mc— mass of couplings, kg; M;; — mass of impact
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discs, kg; M., — weight of counterweight, kg; M., — mass of eccentric shaft, kg; My — mass of

intermediate discs, kg; M,,, — a mass of eccentric variation mechanisms, kg; Mg, — Mass of support discs,

kg; m mass of disc axles, kg; dbearing — bearing diameter, m; Y.m — efficiency of the electric motor;

axles

Ororor — ular velocity, s™; @y — di ular velocity, s™; - u iSsi io;
rotor angular velocity, s; @y, — discs angular velocity, s™; KU — torque transmission ratio

rotor

e — eccentricity of the shaft, m; | — length from the counterweight mass centre to the rotation axis of the rotor,

m; I —length from disc to rotor, m; Iy, — disc radius, m; g — acceleration of gravity, m/s’; a, a, -

o - : 2 2 _
dissipation coefficients relative to the axes OX and OZ; K , kz — frequency of system free oscillations
relative to the axis OX and OZ, Hz; t —time, s; U — coefficient of friction in bearings.

Taking into account the permissible errors of the measuring equipment, a critical value of the
discrepancy between the experimental and theoretical research was taken by 15% (Yanovych V.P.,
Kupchuk 1.M., 2017). Exceeding this boundary indicates the unreliability of the mathematical model and the
inability to use it when designing a crusher of this type. Processing and analysis of the research results were
carried out in the Microsoft Excel software environment (Kupchuk .M., 2017).

The experimental research was carried out in the laboratories of the department of processes and
equipment for the processing and production of food products in Vinnytsia National Agrarian University and
the specialized laboratory "OVECHATSKY MTD" of the SE «Ukrspirt» (Yanovych V.P., Kupchuk I.M., 2017)
using the experimental model of a vibrating disc crusher (Palamarchuk I.P., Yanovych V.P., Kupchuk I.M.,
Solomko 1.V., 2013) (Fig. 3).

To manage and change rotation frequencies of the motor shaft, the AOSN-20-220-75 autotransformer
was used (Figure 4) (Kupchuk 1.M., 2017; Yanovych V.P., Kupchuk I.M., 2017). It contains mobile current-
collecting contact in the form of graphite roller and allows you to smoothly change voltage from zero to
maximum. Also, the winding of the above mentioned autotransformer has several terminals, which can
generate various characteristics of the current at the output.

. ) . . ) Fig. 4 - Laboratory autotransformer
Fig. 3 - Vibrating disc crusher (experimental model): AOSN-20-220-75:

1 - frame; 2, 3 — neck for loading and unloading;

. ; 1 - external casing; 2 - voltage regulators;
4 — rotor; 5 — electric motor; 6 — coupling.

3 -cells.
To record the angular velocity values of the drive shaft, the UNI-T UT372 wireless tachometer was

used (Fig. 5). The operating principle and operating rules for the tachometer are described in the technical
documentation (Kupchuk I.M., 2017; Yanovych V.P., Kupchuk I.M., 2017).
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Fig. 5 - Tachometer UNI-TUT372: Fig.6 - Electronic wattmeter EMF-1
1 - laser indication; 2 - digital indicator; 3 - control panel 1 - wattmeter housing; 2 - control panel; 3 - display

To determine the energy consumption to drive the crusher, the EMF-1 electronic wattmeter was used
(Figure 6).

RESULTS

Given the technological condition of material destruction by crusher discs (linear velocity of the edge
of the impact disc) (Yanovych V.P., Honcharuk T.V., Honcharuk 1.V., Kovalova K.V., 2018; Sergeev S.N.,
2008), the experiment was carried out at an angular velocity of the rotor w = 100...150 s™.
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Fig. 7 - Energy consumption by crusher drive (experimental research)
As it can be seen from the results of experimental studies of electric motor consumed power (Figure
7), with increasing rotor angular velocity w=100...150 rad/s, power consumption N increases almost

proportionally N= 650...765 W. To compare the results of experimental and theoretical research (Table 1),
we show them in the form of graphical dependencies (Fig. 8).
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Table 1

Energy consumption by crusher drive (experimental and theoretical research results)

w Ny Ng Divergence

[s™] i W] +/- %
100 635 650 15 2,31
110 685 670 -15 -2,24
120 710 690 -20 -2,90
130 780 700 -80 -11,43
140 800 730 -70 -9,59
150 840 765 -75 -9,80
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CONCLUSIONS

Comparing the theoretical and experimental research revealed a discrepancy, which is 2.24...11.43 %
for the operational regime. Since this discrepancy is lower than the critical one (15%), the mathematical
model (1) can be considered verified and it can be used in the construction of vibrating disc crushers of this

type.
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