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THE RESULTS OF THE ANALYSIS OF STUDIES OF STRUCTURAL AND OPERATIONAL
PARAMETERS OF IMPACT CRUSHERS FOR THE PRODUCTION OF FARM ANIMAL FEED

Sapa V.Yu. — Candidate of Technical Sciences, Acting Associate Professor, Kostanay Regional
University named after A. Baitursynov.

The article discusses the issues of improving the design and operating parameters of impact crushers
for the production of farm animal feed. Based on the analysis of the grinding process, the calculation of the
speed and geometric parameters of the crusher was made. As a result of experiments with an impact
crusher, the basic regression equation was obtained, which is necessary to analyze the influence of the
factors under consideration on the specific productivity of the crusher. The significance of the coefficients of
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the model is estimated according to the Student's criterion. The resulting model was tested for adequacy

according to Fisher's theory. The model is adequate. To analyze the influence of factors on the specific

characteristics of the crusher, response surfaces were constructed. When processing the results of the study

using the MathCAD computer program, the maximum value of the specific productivity from the influence of

all the factors under consideration was obtained, as well as their optimal values in this regression equation.
Key words: crushing; particle; feed; productivity; research; speed; analysis.

PE3YNIbTATbl AHANTU3A UCCIIEOOBAHUN 5
KOHCTPYKTUBHO-PEXXMMHbIX MAPAMETPOB IPOBWUJTOK YOAPHOIO NEUCTBUSA
AnAa NPOU3BOACTBA KOPMOB CEJIbCKOXO3AUCTBEHHBIX XKUBOTHbIX

Cana B.FO. — K.m.H., u.0. accouyuuposaHHo2o rnpogheccopa, KocmaHalickuli peauoHarsnbHbIl
yHugepcumem umeHu A. balimypcbiHoga.

B cmambe paccmMompeHbl 80MPOChl CO8EPUIEHCMBOBAHUST KOHCMPYKMUBHO-PEXUMHbIX Napamempos
Opoburiok ydapHoeo delicmeusi Ornsl rpou3sodcmea KOPMO8 CEefIbCKOXO35UCMBEHHbIX XUBOMHbIX. Ha
OCHOBaHUU aHasu3a MmexHOJ/102U4eCK0o20 rpouecca usmMmesnibyeHus bbii npous3eedeH pacyem CKOPOCMHbIX U
eeoMmempuyeckux napamempos Opobusnku. B pesynbmame npoeedeHusi onbimog ¢ dpobusnkol ydapHoO20
Oeticmeusi 6bI/10 0/1y4EeHO OCHOBHOE ypasHeHue pezspeccuu, Heobxodumoe Ons aHanusa enusHUs
paccmampueaemMbix  ¢hakmopos Ha  yOesnbHyro  rpou3sodumesibHocmb — Opobunku.  3Hayumocms
KoaghghuyueHmos modesniu oueHeHa coenacHo Kpumepuss CmbtodeHma. [lonyyeHHass modenibs 6bina
nposepeHa Ha adeksamHocmb o meopuu Q@uwepa. Modenb adekeamHa. [ns aHanusa 6/usHUS
hakmopos Ha KOHKpemHbie Xapakmepucmuku Opobusiku bbinu MocmpoeHb! nogepxHocmu omkiuka. lpu
obpabomke pe3ynbmamos uccsiedoeaHusi ¢ MOMoWbK KomrbromepHol npoepammbi MathCAD, 6binno
Mofly4eHo  MaKkcuMmaslbHoe  3HadyeHue  ydenbHOU  npou3godumesisHocmu  om  G/IUSIHUSI  8Cex
paccmampusaeMbix hakmopos, a makxe Ux ornmumarsibHble 3Ha4yeHUs1 8 0aHHOM ypasHEHUU peepeccuu.

Kntouesblie crnioga: dpobrieHue; Yacmuuya; KOpM; Mpou3eooumeribHoCmb; uccriedogaHue; CKopocmb;
aHarnus.

AYblJl WWAPYALUbIbIFbl XKAHYAPJNAPbBIHbIH XKEMLWUONTEPIH ©HAOIPYTE
OCEP ETETIH ¥CATKbIWTAPAObIH KOHCTPYKTUBTIK-PEXXMMAIK MAPAMETPIEPIH
3EPTTEY[OI TANOAY HOTUXXENEPI

Cana B.IO. — m. r. K., KaybiMOacmbipbiriraH rnpogeccopObiH MiHOemiH amkapywsbl, A. batimypcbiHo8
ambiHOarbl KocmaHal ©Hipsik yHusepcumemi.

Makanada aybin wapyalwblinblfbl XaHyaprapbiHa Xem-wen eHdipyze acep ememiH ycamkbiuumapObiH
KOHCmMpykmusmi-pexxumOik napamemprepid xemindipy macenenepi KapacmbipbliraH. YHmMakmayObiH
MmexHono2usAsbIK NPoyeciH manday HeaisiH0e ycamKbiWmbiH XbldamOblfbl MEH 2e0MempusifibiK rnapa-
memprniepi ecenmerndi. COKKbl apekemiH ycamkbiwreH maxipube xypeaidy HemuxeciHOe Kapacmbipblribii
ombipraH hakmopnapObiH ycamkbimblH MEHWIKmi eHimoinigiHe ecepiH manday ywiH Kaxemmi Heaisei
pezpeccusi meHOeyi anbiHObl. Modernb kKoaghghuyueHmmepiHiH MaHbI30bibIFbl cmyOeHm KpumepuliHe
colikec baranaHaobl. AnbiHFaH Moderib uwiep meopusiCbiHbIH colikecmiziHe mekcepindi. Modesnbs 6apabap.
®akmopriapObiH yYHMaKmarbiWmblH Hakmbl cunammamarsnapbiHa acepiH manday ywiH xayan bemmepi
canbiHObl. 3epmmey HomuxernepiH MathCAD komnbromepriik 6ardaprnamacbiMeH eHOey Ke3iHOe bapribik
KapacmbipbiiiraH ¢hakmopriapObiH 9CEPIHEH HaKmMbl ©HIMOINiKmiH Makcumarnobl MoHi, coHOal-aK bepineeH
pezpeccusi meHOeyiHOeai oniapObiH oOHmMalinbl MeHOepPI asibiHObI.

Tyningi cesdep: ycakmay; benwek; xem; eHiMAinik; 3epmmey; XblidamObiK; manday.

Introduction. Creating a solid food base is one of the most difficult tasks in providing an animal with
the necessary amount of protein. A special place in the diet of animals is occupied by cereals, which are
characterized by a high content of protein and minerals. Wheat grains are most effectively used as animal
feed, contains a large amount of protein and amino acids, and the digestibility of organic matter by animals is
high. The inclusion of wheat in the diets of dairy cows leads to an increase in milk yields and an
improvement in the composition of milk, and the diets of fattening pigs improve the quality of meat and the
formation of dense granular adipose tissue. Wheat is included in the mixed diets of calves, reducing the
norms of drinking whole milk. Cereals have a great potential for expanding the feed base of livestock. Wheat
is a very valuable feed, but the machines for its preparation are characterized by high energy intensity, most
of which is spent on shredders.

Improving the design of the working parameters of wheat grain crushers is a complex, but important
and urgent task, the solution of which is facilitated by the study of the influence of various factors that
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increase the efficiency of the crushing process [1, pp. 58-62, 2, pp. 13-20, 3, pp. 11-18, 4, pp. 39-38, 5, pp.
61-67, 6, pp. 75-83, 7, pp. 66-75, 8, pp. 83-91].

Materials and methods of research. The analysis of the studies of V.P. Goryachkin, V.A. Eliseev,
A.l. Zavrazhnov, S.V. Melnikov, K.G. Murzagaliev, F.G. Plokhova, A. Reiners, G. Ebergardt and others gave
valuable recommendations for improving machines and their workflow when grinding feed. As a result of the
analysis of studies, the most significant disadvantages of existing shredders have been identified — high
energy consumption and over-grinding of finished raw materials.

Based on the analysis of the grinding process, the calculation of the speed and geometric parameters
of the crusher was made. The higher the speed of the rotor, the higher the circumferential speed of the
knives, which leads to more energy transferred to the material upon impact, but at the same time increases
power losses and reduces the efficiency of the machine. A non-central blow, whose vertical velocity is less
than the circumferential velocity of the knife, the blow falls on the edge of the material, significantly reducing
the impact, since the material fails to fully enter the knife strike zone. The amount of energy transferred to
the material upon impact, and if the material simply bounces off the working element without breaking,
negatively affects performance.

The linear speed of the knife required for the destruction of the material can be determined by the
formula:

2
vp=7.7-s( % J , m/s, (1)
Yo di
where V, — the linear speed of the knife at which the destruction of the material occurs;
0, — the ultimate strength of the material, Pa;
Yo — density, kg/m®;
di — the diameter of the destroyed part of the material, m.

The diameter of the machine body is determined by the formula:
g 80Vs  m, 2)

Cmen-(1+K,)
where n — rotor speed, min ™

K, — coefficient depending on the type of material being processed.

Calculation of feed crusher productivity. When constructing the mathematical model, the following
assumptions were made: the materials in the working chamber are arranged in the form of hollow cylinders
with the same density; all particles of the material move at the same speed and in the same direction;
aerodynamic processes are not taken into account.

m-d® K,

— = P /h, (3)
nzY

Q=13500-

where K, — strength factor;
n — rotor speed, min ;
Z — number of knives per tier, pcs;
Y — number of tiers with knives, pcs.

A study of the operation of the impact crusher showed that the productivity of the crusher depends on
how the material is fed into the crusher. As more material is fed into the crusher, the amount of material held
on the surface formed by the moving rotor blades increases, which ultimately leads to the accumulation of
material with a density close to the bulk, the bulk of which is deposited on the surface of the rotor and formed
from above. This material under the influence of gravity penetrates into the area of action of the knife to a
certain depth, is destroyed and crushed by the knife.

The power that is spent on grinding the material is determined by the formula:

2
N2=%(1—K1)-(1—K2)-h-KpZ-Y-w. (4)
where d — the diameter of the machine body, m;

K, — material cutting resistance coefficient;

h — working body width;

o = 1n/30 — angular rotation speed, s

K> — coefficient that takes into account the ratio of the values of the angular frequency of rotation of
the rotor and the angular frequency of rotation of the material.

Figure 1 shows a scheme of the crusher. 1 — loading hopper; 2 — bilo; 3 — grate; 4 — hatch; 5 —
bearings; 6 — unloading funnel; 7 — housing.
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i

Figure 1 — The scheme of the crusher.

Research results and analysis. When conducting experiments with an impact crusher, the basic
regression equation was obtained:

Y (X;Xp,X5 =2.9-0.25-x,-1.875-x, —1.1-x,40.2 - X, - X, + 0.65 - X, - X, + 0.375-x3 +0.275-x%  (5)

When checking the adequacy of the model (5), it was taken into account that one experiment in the
scheme was repeated three times. The sum of squares is not equal to SzHea,J,, because there was only one
experiment, it was calculated using equation (2.98) [9, p. 127] For this model, SzHean_ =0.04.

The adequacy of the model (5) was checked by the F-criterion of Fischer's theory. The calculated

value of the criterion F was determined by equation (2.95) [9, p. 126]. For this model F""= 1.3. The

reliability of the model was checked by equation (2.98) depending on the selected significance level a
(Appendix IV). 1.3 < 3.63 (tabular value) [9, p. 127]. The condition is met, the model is adequate.

The experimental results obtained were processed using the MathCAD computer program. The
measure of the experimental reaction is the specific crushing capacity.

To analyze the influence of factors on the specific characteristics of the crusher, the response
surfaces shown in Figures 2-4 were constructed. In the resulting regression equation, two factors alternately
fit into the optimum (zero level), and the remaining two factors varied from minimum to maximum. The
MathCAD program was used to find the maximum value of the function for each response surface.

Analyzing the response surface shown in Figure 2, the maximum value of specific productivity (Ymax =
5.6 kg / kW s) was obtained with a diameter of the destructible part of the material 0.035 m and a drum
rotation speed of 8.3 s™.

Y.kgrshw

Figure 2 — The dependence of the specific productivity Y on the diameter
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of the destroyed part of the material x; and the speed of the drum x..

Analysis of the dependence of specific productivity on the diameter of the destroyed part of the
material and the number of knives on the rotor tier (see Figure 3) allows us to conclude that the maximum
value of specific productivity (Ymax = 4.5 kg / kKW s) is achieved when the diameter of the destroyed part of
the material is 0.035 m and the number of knives on the rotor tier is 5.

Y. kg/kws

Figure 3 — The dependence of the specific productivity Y on the diameter
of the destroyed part of the material x; and the number of knives on the rotor tier xs.

On the response surface (see Figure 4), it can be seen that the optimal value of specific productivity
(Ymax = 1.2 kg / KW s) is achieved at a drum speed of 8.3 s™ and the number of knives on the rotor tier is 5.

Y korkws | ‘ I

40| P\

Figure 4 — The dependence of the specific productivity Y on the speed
of the drum x, and the number of knives on the rotor tier xs.

Conclusions. When processing the results of the study using the MathCAD computer program, the

maximum value of the specific productivity from the influence of all factors was obtained when substituting
the values of factors in the encoded version.
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1
Maximize (y,X;,X,,X; }=| —1

-1
Y (X4Xp,X5 =2.9-0.25-x,-1.875 - X, =1.1:X,+0.2 - X, - X, + 0.65 - X, - X5 + 0.375 - x5 + 0,275 - X3

y (X1!X2,X3 )—> 7.625 kg / kW:-s

The maximum value of specific productivity (Ymax = 7.6 kg / kW s) was achieved with a diameter of the
destructible part of the material of 0.035 m, a drum speed of 8.3 s and the number of knives on the rotor tier
equal to 5.
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