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PROCESS ANALYSIS OF GRAIN HULLING PROCESS
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Cereals are an important source of energy and contain almost all substances necessary for the normal
functioning of the human body, animals and birds. The anatomical structure of the grain has an outer shell
that can be removed from the surface without destroying the starch core in many technological processes.
One of the ways to improve the quality of the final product is to actively treat the surface of the wheat grain
to remove the husks during its preparation for grinding. For this, peeling machines of various designs,
shelling machines and machines with friction rotary knives are used. The grain is processed under the
influence of impact and friction pulses in the working area of the machine, with different abrasive properties
of the grain surface, external frictional forces are applied to the grain from the sides of the beater, which arise
when the layers are moved along the surface of the beater. Grain is used for the production of starch,
molasses and alcohol, and processed grain products include flour, pasta, cereals, bread and animal
feed.Cereals are characterized by the fact that they are the main source of easily digestible carbohydrates, the
main energy component of food. Bread made from wheat flour weighing 500 g, and which is made from
flour of the highest grade, provides about 64% of the daily need for essential acids. The quality of the final
product depends significantly on the grain preparation and processing processes. Peeling machines are used
as one of the main machines for this. The transport movement of grain in the machine determines the time
the grain stays in the working zone, which is achieved by placing different shaped bulls at an angle to the
rotor axis, equipping the working zone with races, placing the roller at an angle to the horizontal plane and
changing the rotation speed. The main disadvantages of such machines are the low efficiency of the peeling
process and uneven surface treatment of individual grains in the cut state.
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PROBLEM

The importance and necessity of removing flower, fruit and seed shells from grain (raw materials for cereals,
compound feed, flour) is determined by the requirements for obtaining a product that meets modern quality
standards. At compound fodder, flour and grain mills, technological preparation and surface treatment is
carried out with the help of peeling machines, which are part of the technological production line.

ANALYSIS OF THE LATEST RESEARCH

Analysis of existing plans for preparing grain for processing allows us to conclude that the number and
location of husking machines is not clearly defined today. This is due to insufficient efficiency of husking
machines when husking grain and high specific energy intensity of the husking process [1,3,4].

The scheme of the technological process of grinding rye grain into flour is similar to the scheme of wheat
grinding. Grain husking is carried out by different machines:

- peeling machines: work on the principle of repeated impact; - bull machines: the grain is thrown with great
force onto the working surface of the rolling machine, where the shell is removed;

- peeling stands or drum machines that work on the principle of compression and friction. In this type of
machine, the kernel is first compressed between two working surfaces (fixed and movable), which leads to
the removal of the flower sheath;

- This means that the core repeatedly hits the abrasive disc rotating at high speed, causing friction between
the core and the surface of the disc;

The use of certain types of machines is associated not only with the technical difficulties of the operation, but
also with the need to take into account the physical characteristics and anatomy of the nucleus. For example,
impact hulling equipment is suitable only for hulling barley and oats.

During grain processing in the working area of the husking machine, there are changes in the structural and
mechanical parameters of the grain:

- hardness and strength decrease;
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- resistance during grain grinding and energy consumption for grinding decreases;

- there is an active penetration of moisture into the internal structural parts of the grain, which causes a
reduction in the time of soaking the grain and the process of its dehumidification by almost two times
compared to untreated grain, and the quality of the flour at the same time acquires improved indicators [2,3].

The principle of operation and design of the machine for the surface treatment of dry and wet barley grains
during their processing into groats and fodder showed the possibility of using a machine with knives of
continuous friction [1,4].

The strength of the hull when loaded along the longitudinal axis of the barley grain is 1.44...2 times higher
than along the transverse axis. Along the transverse axis, it is 2.06 times higher than along the longitudinal
axis. This is explained by the interweaving of three fibrous layers of the cortex and tubular layers in the
transverse axis. The seed coat, which has a more uniform structure, is attached to the inner parts of the grain
mainly by gluing, which is a necessary condition for their separation [2,4]. Since the technical task of the
peeling process is to separate the integument, change data is necessary to show parameters of the preparation
and the peeling process.

RESEARCH RESULTS

The functional and parametric scheme of the grain hulling process provides an opportunity to analyze the
hulling process in the hulling machine (Fig. 1), and a preliminary study of the movement of the grain made it
possible to identify the following three zones that differ in the steady state along the length of the hulling
rotor of the machine:

| - distribution;

Il - preparation;

111 - dense peeling and unloading.

During the transportation of grain from the loading hole to unloading in the zone, an increase in pressure and
the compaction coefficient between grains is observed, this leads to the transition of grain into a flow with a
high-density structure, instead of a split one. And its value is determined by the speed in the field of gravity
and the action of centrifugal forces in contact with the rotor blades, which move the product from the base of
the rotor to the surface zone, where compaction occurs. The value of compaction and its thickness in the
outer compacted layer increase in the transition zone, reaching their maximum values in the zone of intense
peeling. In the first zone, the filling factor becomes 0.1-0.3, in the preparation zone it is 0.6-0.8 and reaches a
maximum value close to 1 in the unloading zone [5,6,9]. The state of pressure between the grains changes
from the minimum in the preparation zone of the machine, and in the unloading zone to the value at which
the texture of the coating is partially separated. The peeling process due to the action and occurrence of
internal friction in the elastic- stressed grain layer, is determined by the system of micro-contacts of grain
surfaces during their relative movement, and the appearance of instantaneous local pressure in the grain
shells at the contact areas under the action of the pressure force causes a change in the shape of the shells at
the stage of active elastic deformations, and during the increase of stresses, both micro and and macro
destruction in the structural connections with the grain core in areas that have the lowest strength. Due to the
occurrence of unforeseeable counter-contacts for different areas of the surface of the grain, with each other
and with the working bodies of the machine, their surface loads are formed, this happens with repeated
repetition, which is the basis for the occurrence of irreversible processes of micro-cutting and destruction of
the shell tissues.
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Fig. 1. Functional and parametric diagram of grain hulling.

That is, the grain husking process can be imagined as a wear system that occurs during the sliding of moving
grains in their relative motion and the effect of external friction on the structural elements of the husking
machine. A necessary condition for the process of shell separation is the development of normal forces,
which carry out the preparatory phase of grain processing due to the force closing of the shells in the
touching zones, and the occurrence of tangential stress. For such a system of contacts between grains, and
taking into account the design of the machine to achieve the maximum peeling effect, a necessary condition
is the formation shifts in the tangential direction, this is achieved by installing movable and immovable
destructive and braking surfaces in the design of the machine and strengthening the effect of movement and
mixing of grain layers in its working part, as well as the formation of devices for activating relative shifts in
grain flows, as well as individual grains [7,10].

CONCLUSIONS

The analysis of the considered forces made it possible to establish that their joint action creates conditions
for directed radial-axial movement of grain and determines the process of processing grain with the working
surfaces of the husking blades.
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AHAJII3 ITPOLOECY NPOLECCY JYIIEHHS 3EPHA

I. dynapes, C. Ymuncekuit ,I.Mockantok, H. Maciuu
Oodecbkuil Oeporcagnutl azpapHuil yHigepcumem

3epHOBI € BaXJIMBUM JDKEPEIIOM €Heprii i MICTATh Maibke BCi pEYOBWHH, HEOOXiMHI IS HOPMAIBHOTO
(yHKITIOHYBaHHS OpraHi3My JIFOJIWHH, TBAPHUH 1 MITUIll. AHaTOMIYHA Oy/10Ba 3e€pHA MA€E 30BHIIIHIO 00OJIOHKY,
sgKa MOXe OyTH BUAaJcHa 3 MOBEpXHiI 0e3 pyHHYBaHHS KPOXMAaJbHOTO sipa B 0araThbOX TEXHOJOTTUHHX
npornecax. OnHUM 13 cOCOOiIB MiABUIICHHS SKOCTI KiHIIEBOTO MPOJYKTY € akTHBHA 00poOKa MoBEepXHi 3epHa
MIICHUI U1l BUIAICHHS 000JIOHOK IpH 1 MATOTOBKH 10 TIOMey. J[Is Iboro BUKOPUCTOBYIOTh JTYIIMIIBHI
MAaIlIMHY Pi3HUX KOHCTPYKIiH, IUTOOMBAIILHI MAIIMHKA Ta MAIIMHU 3 QPUKLIHHIMHU POTALIHHUMH HOXKaMHU.
3epHO 0OpOOISIETHCS MMiJ BIUIMBOM IMIYJBCIB yAapy i TepTs B poOouiil 30HI MallMHU, 3 PI3HUMH
a0bpa3VBHMMH BJIACTHBOCTSIMH TIOBEPXHI 3€pHa, /IO 3€PHA NMPHUKIATAIOTHCS 30BHIIIHI CHJIHM TepTS 3 OOKIB
OiTepa, fKi BHHMKAIOTh NPU IEPEMilllEHHI IIapiB Mo NOBEpxHi Oirepa. 3epHO BUKOPUCTOBYETHCS LIS
BHUPOOHHUIITBA KPOXMAJO, MEIISICH 1 CIIUPTY, a IPOILYKTH NepepoOKH 3epHa BKIIOYAIOTh OOPOIITHO, MaKapOHHI
BUPOOH, KPYTIH, XJTI0 i KOMOIKOPMHU.

3naKu, XapakTepi3yloThCs TiM, [0 BOHH € OCHOBHUM JDKEPEIIOM JIETKO3aCBOIOBAHUX BYTJIEBO/IIB, TOJIOBHOTO
SHEepreTUYHOro KOMITOHEHTa ki. XJi0 BHTOTOBJICHHH 3 MIIEHMYHOro OopomHa Baror 500 T, Ta sKuit
BUT'OTOBJICHO 3 OOpOINHA BHUIIOIO TaTyHKY, 3a0e3meuye Onu3bko 64% 1000Boi moTpeOu B He3aMiHHHMX
KucnoTax. SIKiCTh KiHIIEBOI MPOMYKINi CYTTEBO 3aJIKUTHh BiJl MPOIIECIB IMIATOTOBKH Ta MepepoOKH 3epHa.
OnHi€ro 3 OCHOBHUX MAlIHMH JIJIsl IbOTO BUKOPUCTOBYIOThH JTYNIMJIbHI MaliiHA. TpaHCIOPTHUH pyX 3epHA B
MallliHI BH3HA4Yae 4yac repeOyBaHHsS 3epHa B poOOdYiil 30HI, IO JOCATAETHCS PO3MIMICHHSM OMYIB Pi3HOI
dbopMu i KyTOM II0 OCi pOoTOpa, OONaAHAHHAM pPOOOUYOI 30HH MEeperoHaMH, PO3MIIICHHSM BalbIl ITiJ
KyTOM JI0 TOPH30HTAIBHOI IUIOIIMHU i 3MIHOI IIBUIKOCTI oOepTaHHS. OCHOBHMMH HEJONIKaMH TaKHX
MAIlIMH € HU3bKa e()eKTUBHICTh MPOIIECY JYIIEHHs Ta HEPIBHOMIPHICTH OOPOOKH TIOBEPXHI OKPEMHUX 3€pPEH Y
3pi3aHOMY CTaHi.

Kuarouogi ciioBa: zepro, 00010HKY, mepmsi, PYUHYBAHHS, JTYUJCHHSL.
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