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EVALUATION OF FRICTIONAL PROPERTIES OF COMPONENTS OF ANIMAL FEED
I. Dudarev, S. Uminsky, A.Yakovenko, V. Chuchuy, M. Korolkova
Odessa State Agrarian University

In general, grinding increases digestibility by increasing the size of the plane for enzymatic
action. If roughage is crushed to a delicate grinding, the digestibility of fiber decreases, and continuous
consumption increases due to an increase in the speed of passage. Through the delicate grinding of the
feed, the character of rumen fermentation is still changing. Grinding is considered a mandatory part of
feed processing and is an effective method for improving the digestibility of feed for industrial livestock
and poultry. Its task and function is to improve the efficiency of the use of materials and improve the
quality of processing of feed products. The milling process is an important procedure for improving the
quality of feed during feed processing, and is another important tool for the healthy use of feed. The size
of the crushed particles goes in the direction - to be determined depending on the type of raw material,
like animal feeding, the stage of lifting and technological requirements. Very large or very small particle
size contains defects and cannot guarantee a better manufacturing position and use.
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Formulation of the problem. Feed processing usually means changing the physical (and
sometimes chemical) nature of feed products to optimize animal use and improve mixing and dietary
stability. The main components of any diet - roughage and grain - are feeds that are likely to be processed.
However, in some cases, secondary components of the diet (supplements) are processed into granules to
facilitate mixing and maintain the stability of the diet. The process of grinding in the preparation of feed
accounts for up to 60% of all energy costs, which, in turn, is 50% of the total economic costs of feed
preparation [ 1-2]. Thus, in connection with the development of small farms that do not have large energy
capacity, there is a need to develop energy-saving, small and highly efficient equipment. All types of
feed (roughage, legumes, green mass, corn cobs, root tubers, etc.) Before feeding corn and its components
to animals, perform the process of grinding. Different types of component shredders are used for this
purpose [2]. The process of all preparation of components in need of grinding has common features in
the implementation of the required grinding with the calculation of the frictional characteristics of each
component to be processed.

Analysis of recent research and publications. Grinding of corn and its components is a process of
mechanical separation of solid particles using external forces that far exceed the power of molecular
adhesion. Grinding of cereals, legumes, oilseeds, as well as chalk, salt, roughage, roots, etc. As a result
of grinding reduces the energy consumption of animals for chewing feed, improves the absorption of
nutrients by the animal and increases the looseness of feed, which allows any other feed mix and improve
the circumstances of mechanization of dosing and distribution processes. Various grain mills are used to
make fodder for different species of animals. The modulus of grinding corn and its components for cattle
requires a size of 1.8-2.6 mm. such crushed components (as well as any other origin) is digested by the
gastric juice of the animal and has the ability to be completely absorbed. If the grinding is very small, the
dust particles stick together and form lumps in the stomach, as a result of which gastric juice penetrates
inside, and as a result, ragweed is not absorbed. There are different methods of grinding feed. These
methods are most often used, such as free-impact crushing (with the introduction of a hammer mill),
crushing (on a roller flattening machine), chipping or grinding. Any of the methods of grinding is
applicable to specific types of feed depending on their physical and mechanical properties and the
purpose of grinding [1]. According to the analysis of previous studies [2], the efficiency of shredders for
grinding corn and its components in the lead is influenced by the appropriate points:

- Humidity of the crushed forage;

- Frequency of rotation of grinding working bodies;

- The degree of grinding of feed;

- Grinding time;

- Frictional features of the processing product.
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The purpose of the article. Analysis of the influence of frictional features of the processing
component of feed to ensure a quality and necessary process of grinding the product for use in the recipe.

Presenting main material. Frictional properties, which are characterized by the angles of natural
slope a and external friction @, coefficients of resistance of internal f and external shear p, are indicators
necessary for the evaluation of the process. The evaluation was performed for crushed rods and grits due
to the significant difference in their structural, which is necessary to determine the reliable values of the
required parameters used in calculating the geometry and design of the working bodies of the disk
shredder, its capacity and energy consumption for grinding. At the first stage of the study, the dependence
of the angles of the natural slope was determined a A, ak and external friction @A ¢k crushed rods and
grits from moisture W product, which varies within (8 ... 20) £ 0.5% with a constant step of 2%.
Determination of the angle of natural slope a as a grain was carried out by the standard method. The
angle of the natural slope of the grit is characterized by a slightly larger value, due to its smaller particle
size distribution and, accordingly, larger contact surface, as well as the fact that the crushed rods, having
a cylindrical shape, with a certain orientation, some of them roll, capturing parts of the product. As you
grow W from 8 to 20% there is an increase ok from 41 to 490, and aA, grows in the range of 28 ... 430,
ie the range of variation of the angle a is for rods and grits, respectively, 8 and 15 °. Given the different
nature of change aA,i ak for practical calculations of gravitational transport of the investigated products
it is expedient to accept ak within 450, a aA =35...370, which is close to the value for corn grits [2]. A
similar nature of the change in the angle of external friction is also established ¢, grits and cores on steel
which value in the investigated range its changes also make accordingly for a grain and crushed cores
38...440 and 30...380.
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Fig. 1. Dependence of the angle of natural slope of crushed rods aA, and groats ak. In the
second stage.
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Hhe dependence of the coefficients of external friction on steel is determined, pA, pk and internal
fA, fk groats and crushed cores from humidity W and normal load P per layer of product, varying in the
range of 0.5 ... 6.0 kPa. To determine the confidence intervals for the evaluation of the studied parameters,
a series of studies with 10 experiments were performed W =14 % and P =3 KPa (Table 1) .
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Table 1. Initial data for the calculation of confidence intervals.
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S x| |32 |3 |32 |« |& | & S e |8
1 052 4 034 9 063 25 078 0
2 049 1 033 16 057 1 081 9
3 048 4 037 0 054 16 075 9
4 051 1 039 4 060 4 080 4
5 047 050 |9 039 037 |4 058 058 |0 079 | 078 1
6 049 1 038 1 056 4 076 4

7 052 4 039 4 059 1 082 16
8 050 0 035 4 056 4 075 9
9 052 4 037 0 058 0 080 4
10 | 051 1 038 1 060 4 077 1
> 501 29 369 43 581 59 783 57

Preliminary verification of the obtained variation series showed that there were no gross errors.
The general analysis of dependences (fig. 2 ... 5) allows to draw a conclusion that both for the crushed
cores, and for a grain the value of coefficient of internal friction exceeds value of coefficient of external
friction irrespective of relics of humidity W and normal. The load P on the test material is consistent with
the available data for different types of roughage. It is established that with the growth of relics W and P
there is an increase in the values of the coefficients p k and pA the coefficient is characterized by larger
values LK .
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Fig. 2. Dependence of the coefficients of resistance to external shear on the grain of the grain p x
and crushed rods pA from product moisture.
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Fig. 3. Dependence of the coefficients of resistance to external shear on the steel of the grain pk
and crushed rods pA from normal load.
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Fig. 4. Dependence of coefficients of resistance to internal shift of a grain fk and crushed rods fA
from the humidity of the product.

With increasing humidity from 8 to 20% of the value p x grew from 0,31 to 0,59, and value pA
from 0.24 to 0.43, ie the scope of their variation was 0.28 and 0.19, respectively, with an identical law of
change. With an increase in normal pressure P in the range of 0.5 ... 6.0 kPa there was a slight change in
the coefficients, which was pk - 0,06 and for pA - 0,10, which is confirmed by research data. A similar
dependence on humidity and normal load and the coefficient of internal friction f'is determined, however,
with a larger value compared to fk, was characterized coefficient fA . This dependence is explained by
the structure of the rods having on their surface a layer of scales with elastic properties, which when
moving the rods relative to each other are engaged, in connection with which there is an increase.
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Fig. 5. The dependence of the coefficients of resistance to the internal shear of the grain fk and
crushed rods fA from normal load.

With increasing humidity from 8 to 20% of the value fA increases from 0.48 to 0.92 and the value
fk - from 0.33 to 0.72, ie the scope of their change was 0.44 and 0.39, respectively. With an increase in
normal pressure P in the range of 0.5 ... 6.0 kPa was observed less, compared with W, the change in the
studied coefficients, which is for fA - 0,15 and for fk - 0,11. Thus, the performed experimental studies to
determine the coefficients of external and internal friction of crushed rods and grits, taking into account
their dependence on the parameters W and P, allow us to recommend for practical purposes the following
values: pk =0,45...0,50; pA =0,33...0,38; fk =0,5...0,6; fA =0,7...0,8.

Conclusions. For crushed rods and grits the regularities of change of angles of natural slope and
external friction from humidity, coefficients of resistance to internal and external shift from humidity
and loading are established, recommendations on a choice of their values for practical calculations are
given and empirical recommendations are received.
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OILIEHKA ®PUKIIMOHHBIX CBOMCTB KOMIIOHEHTOB KOPMOB JJI5s1
ZKUBOTHbBIX
Hynapes U., Ymuncokuii C., SIkoBenko A., Uyuyii B., Koponpkosa M.

B yenom uzmenvuenue ygenuuugaem yceosemocms u3-3a HApAWUSAHUs pazmepos nioCKOCmu 0
Gepmenmamusnozo 8ozoeticmeus. B cnyuae eciu epyovie Kopma usmenbuarom 00 0eIUKamuo20 nomod,
VCBOAEMOCMb KAeMYAMKU CHUMCAeMCs, d CHhiowiHoe ynompeOienue pacmem U3-3a HApawjueaHusl
ckopocmu  npoxodcoenus. CK803b O0eNUKAMHO20 USMENbYCHUS KOPMA euje MEHAemcs Xapaxkmep
gepmenmayuu pyoya. Hzmenvuenus cuumaemcs o0053amenvbHOU 4Yacmvio 00pabOmMKU KOpMO8 U
0eticmBeHHOU MemOoOUKOL COBEPULEHCIBOBAHUS YCBOAEMOCU KOPMOSG Ol NPOMBIULIEHHOU CKOMA U
nmuysl. E2o 3a0aua u ¢ynkyus - nogvicume s¢hghexmusnocms npumeHeHus Mamepuailos u Yiyyuums
Kayecmeo 00pabomku KOpMo8vlx npooykmos. I[lpoyecc uzmenvuenus - 3nauumas npoyeoypa OJisl
VAYYUEHUsl Kauecmea KOpMAa 60 8pemMs 00paboOmKu KOpMO8, a ewe 0OUH U3 8AINCHLIX cpedcma OJisl
300p08020 NpUMeHeHUs KOPpMO8. Pazmep uzmenvbyeHHblX yacmuy uoem no HanpasieHuio - Onpeoeisims 6
3a8ucumMocmu  Om MUna Coipbs, HA HNOOOOUU KOPMIEHUS HCUBOMHBIX, CMAOUU noovema u
mexHono2uyeckux mpebosanuti. OueHv OONBLUWION UMY OYEHb HEeDONBLUION pa3Mep H4acmuy COOepHCUm
Ooeghekmbl U He UMeem B03MONCHOCMb 2APAHMUPOBAMb JyHuLee NPOU3B00CMEEHHOe NOJI0MHCEHUE U
UCNONb306AHUSL.

KaioueBsle ciioBa: kopm, o6pabomxka, usmenvuerue, 3a6UcUmMoCcny, QpuKyusl.

OLIHKA ®PIKIIMHUX BJJACTUBOCTE KOMIIOHEHTIB KOPMIB JIJISI TBAPUH
Hynapes 1., YMuncekuii C., SIxoBenko A., Hyuyii B., Koponskosa M.

B yinomy noopionenns napowyye 3ac60108aHicme uepes HapoOWwy8anHs po3mMipie NiIoWUuHU O
Gepmenmamusnoco enaugy. Y pasi sakuo epydi Kopmu noOpiOHIOIMb 00 OeliKamHo20 NoMmeny,
3aC60106aHICNb  KNIMKOBUHU 3HUNCYEMbCSA, A CYYIIbHE BXHCUBAHHA 3POCMAE Yepe3 HAPOWY8aHHs
weuoxkocmi npoxooddcenns. Kpizv Oenikamnoco NOOpIiOHeHHs KOpMY we 3MIHIOEMbC Xapaxkmep
gepmenmayii pyoys. I[loopionennsn esaxicaemuvcs 0008'93K068010 YACMUHOK 00POOKU KOPMIB | 0i€80I0
MEMOOUKOI0 600CKOHANCHHSL 3AC60I06AHOCIE KOPMI6E 0118 NpoMuciosoi xyoobu i nmuyi. Hoeo 3a6danns
i @yukyis - 30ibwumu eexmusHicms 3aCmocy8aHHs mamepianie i 3pooumu Kpawe aKicms 00pooOKu
Kopmoeux moeapis. Ilpoyec noopibnenHs - 3Hauywa npoyedypa 0Jia NOLINUEeHHs AKOCMI KOPpMY nio 4ac
00pobKU KOpMIS, a we 00UH 3 BANCIUBUX 3Ac00i8 05l 300P06020 3ACMOCYB8AHHS KOpMie. Benuuuna
NOOPIOHEHUX YACTMUHOK Ti0e NO HANPAMKY - BUSHAYAMU 8 3ANeHCHOCI 8I0 MUNY CUPOBUHU, HA NOOOOI
200V8AHHs MEAPUH, CMAOii NIOUOMY [ mexXHONI02iuHUX eumoe. [yace genuuesHuil abo i 0yice HeGenUKUll
PO3MIp 4acmuHOK Micmumb Oeekmu i He MAE MONCIUBICMb 2apanmyeamu Kpawe 6upooOHuue
cmanosuuje ma 6UKOPUCAHH.

Knrouoegi cnosa: xopm, 06podxa, noopiOHeHH s, 3a71eHCHICIb, PPUKYIA.
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