maximum eating feed animals is fractional composition of feed
ingredients used to prepare the mixture.

Research conducted using combine in the cooking process feed
mixture, which consisted of roughage, showed that the most intensive
grinding processes occur when working on dry alfalfa hay, and the use of
its straw fractional composition increases.

Key words: technological scheme, feed, high energy feed
mixture, cosmoproletar unit
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Abstract. Development of highly efficient processes of harvesting
root crops requires application of the integrated scientific approach to
solving the problems of further improvement of conveying and cleaning
systems of root crop harvesting machinery to improve their performance
values. The problems set are solved on the basis of further improvement
of methodology and techniques for optimization of technological
parameters of the process of separating impurities from root crops, as
well as design and kinematic parameters and operation modes of
systems for conveying and cleaning root crop piles. Theoretical studies
of functioning of the process of intensification of separation of impurities
from root crops were conducted by simulating the process of moving a
root crop pile through the tools of the conveying and cleaning system
using material balance equations and the concept of “input-output” of the
complex dynamic material system. Providing that system function ability
was ensured mathematical models were developed describing the
process of intensification of separation of impurities from root crops.

Key words: root crops, impurities, conveyor, separator,
cleaner, feeding of root crop pile, separation factor
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Introduction. Study of technological parameters ensuring
minimization of process parameters of separation of impurities from root
crops is a topical scientific problem in terms of further improvement of
quality of raw root crop products.

Formulation of problem. In order to separate the impurities that
are in different states compared to root crops different modes of
mechanical interaction between working surfaces of cleaners and
components of impurities having different physical and mechanical
properties are applied.

Analysis of recent research results. In this respect, the
excessive amount of impurities in root crops (over 8...10%) characterizes
guality of raw materials, and excessive damage (over 10...15%) and loss
(over 1,5%) of root crops — the bulk quantity of raw materials for
processing, which in both cases reduces values of quality and quantity of
their derivatives [1, pp. 97-99].

Development and implementation of new highly efficient processes
of harvesting root crops requires application of the integrated scientific
approach to solving the problems of further improvement of conveying
and cleaning systems of root crop harvesting machinery [2, pp. 244-245].

The basis for further formation of the scientific worldview of
engineers developing root crop harvesting machines, i.e. further
development of the general concept of rational outlines of modern
machines, is analysis of international experience in gradual improvement
of process of harvesting root crops, layout and operation of the main
tools of conveying and technological systems for lifting, cleaning and
loading root crops.

The results of analytical researches of the process of cleaning of
root crops are presented in the works [1, pp. 188-189, 199; 3, pp. 382-
384; 4, pp. 170-172; 5, pp. 222-224]. Generally, the key results of
scientific representations are based on study of individual processes of
harvesting root crops only, such as feeding of a pile of root crops (RP)
during their lifting, separation of impurities, during movement of a RP
through individual tools of a harvesting machine, etc. This particular
absence of generic models of functioning of complex dynamic conveying
and cleaning systems and a root crop harvesting machine in general has
determined conduct of these researches.

Purpose of research is improvement of the methodology and
techniques for parameters optimization and operation modes of
conveying and cleaning systems of machinery.

Results of research. The main principles of the evolution of
machinery and equipment designed for harvesting root crops are closely
linked to the main general aspects of development of harvesting
technologies and methods, as well as improvement of basic processes of
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harvesting root crops, especially such as lifting and cleaning of the lifted

RP from components of impurities, Fig. 1.
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Fig. 1. Block diagram of the basic cleaning processes and methods
of cleaning of the RP.

A root crop pile lifted by lifters is a multicomponent and multi-
structural process environment or a process able object. Depending on
conditions of root crop machinery operation, the average percentage of
root crops and the total impurities in a root crop pile lifted ranges quite
significantly — 50...70%, the total impurities — 30 to 50% [6, pp. 55-56].
Impurities that are of soil and plant origin, in the RP lifted by lifters are
free and “bound” compared to root crops: free soil (loose soil, soil clumps
of different diameters — 20 to 100 mm and different moisture — 13 to 28%
[7, pp. 151-152] and plant (lost haulm, weeds) impurities, “bound” soil
(tare soil on the surface of root crops) and plant (haulm residues on the
root crop heads) impurities.

In order to intensify the process of separating impurities from root
crops, or to increase quality values of cleaning of the RP, we have
developed an improved inventive conveying and cleaning system (CCS)
[8, pp. 1-4], which improves process quality of root crop harvesting
machinery in general.

In terms of the systemic approach to analysis of subjects of
researches it was suggested that theoretical treatment of complex
cleaning systems and tools handling the input flow of process bulk
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material should be modeled based on material balance equations and
the concept of “input-output” of the dynamic system [1, p. 188].

To simulate the process of separation of impurities from root crops
while the RP moving through the CCS tools a functional diagram of the
operation process that presented in Fig. 2 was examined.

Fig. 2. Functional diagram of the operation process of the CCS:
1 — feeding drag conveyor; 2 — finger separator; 3 — combined cleaner.

This the RP lifted by lifters of the root crop harvesting machine and
consisting of components of root crops and impurities (free soil and plant
impurities, tare soil, haulm residues on the heads of root crops) are fed
to the feeding drag conveyor (1) (Fig. 2), where partial preliminary
screening of free impurities through the gaps between the bars of the
conveyor is performed. Then, the conveyor (1) moves components of the
RP to the finger separator (2) that separates tare soil, and a part of
impurities is swept outside the separator. The unscreened RP from the
lower step of the separator is fed to the combined cleaner (3), which
finally cleans root crops from free soil and plant impurities, tare soil and
haulm residues on the heads of root crops, and cleaned root-crops are
moved by augers and screws of the hollow cylinder of the combined
cleaner to the next process systems — the hopper or the loading
conveyor of the root crop harvesting machine.
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For analytical analysis of movement of the RP (process bulk
material) through the feeding conveyor, the finger separator and the
combined cleaner let us denote feeding of the RP lifted by lifters during
time t, to the feeding conveyor by W,(t,), feeding by the feeding

conveyor during t, to the cleaning separator by W, (t,), feeding by the
cleaning separator during t, to the combined cleaner by Wy(t,) and the

process federate of the combined cleaner during t; by W(t, ).

Then analytical modeling of the operation process of the complex
CCS in terms of preserving its function ability can be written as a
condition:

Wo (1, ) 2Wqo (tg )2W, (T, )2W,(t;), (1)
where: t, t;, t, — time of stay of the RP on the working surfaces of the
combined cleaner, the finger separator, the feeding conveyor;

t, — time of moving of the RP lifted by lifters of the root crop

harvesting machine to the feeding conveyor.

Taking into account the relevant separation factors of free
impurities on the way of moving through the CCS tools and in
accordance with accepted assumptions it can written that feeding of the
lifted RP to the feeding conveyor W, (t,) during t,,, feeding by the

feeding conveyor W, (t,) during t, to cleaning separator, feeding by the
cleaning separator Wy(t,) during t, to the combined cleaner and the

feed rate of the combined cleaner will be:
Wi (t7 ) =W (b Ko (8 )i Wa (8, ) = W7 (7 DK, (8, ) =W (b ke (E K, (&, )5 (2)
W (tq ) =W (1, Jkq(tg ) =W (tye ko 6 )k, (8, ki () 3)
Wo (s ) =Wo (g Ko (to ) = Wi (b ke (t . (& kg (8 Ko s ). (@)
where: W, (t,,) — feeding of the RP lifted by lifters of the root crop

harvesting machine during t,, ;

ke (te), K, (t,), Kq(ty), ko(t,) — the impurity separation factor on
the way of moving of the RP lifted by lifters to the feeding conveyor, the
free impurity separation factor for the feeding drag conveyor, the free
impurity separation factor for the separator, the overall impurity

separation factor for the combined cleaner;
ty, — the time of moving of the lifter of the root crop harvesting

machine or time of lifting of root crops by the lifter.
Then according to dependencies (2)—(4) the condition (1) of the
efficient functioning of the CCS will takes the form

Wo (£ Ko (ts )= Wiy (tg Jkq (g )2 W, (1, DK, (t, ) 2 Wi (ty Jko(t:): (5)
I(z (tz )kq (tq Iko (to )]2 = I(z (tz )[kq (tq )]2 Z [kz (tz )]2 >1. (6)
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Impurity separation factors k. (t), k,(t,), ky(t;), ko (t,), taking into
consideration the amount of impurities, which is separated from root
crops on the way of moving the lifted RP to the conveyor (—w,(t,)), on
the working surfaces of the feeding conveyor (—w,(t,)), the finger
separator (—w,(t, )), the combined cleaner (-w,(t,)) can be written as:

_WIY(tM )_Wn(tM)_ Wn(tM) )
T (R T )
W(t)-w, ) - wilt).
TN T ) o
k( )_WQ( ) ( ) —1— Wq(tq).
e WQ( ) WQ(tq),
Wolty)-wi,) . w,(t,)
)L W)

The time of stay of the RP on the working surfaces of the CCS, and
the time of lifting of root crops by the lifter of the root crop harvesting
machine can be written as:

t,=dS,/adV,; t,=dS,/dV,; t,=dS,/dV,; t, =dS,/dV, (8)
where: S, S, S,, Sy — respectively, the way of moving of the RP by

the working surfaces of the combined cleaner, the finger separator, the
feeding drag conveyor, from the lifter of the root crop harvesting machine
to the feeding drag conveyor, m;

Vo Vq: V,; Vy — the velocity of moving of the RP by the working

surfaces of the combined cleaner, the finger separator, the feeding
conveyor; on the way from the lifter of the root crop harvesting machine
to the feeding conveyor, m/s.

Plugging the values of components of the corresponding factors of
separation of the RP and the time the RP stayed on the working surfaces
of the CCS from (7), (8) into the dependencies (5) and (6) we obtain:

dS W
Wo| B[4 Yo loyy | @afy Yoy
dv, I W, avy | W,
: 9)
W, ds, 1 W W, dS,, 1 W
dv W, dv,, W,
W W 2 W ? 2
B Py DL R N P S N I D2 I TR To)
W, W, W, W, W, W,
Let us denote components: S, =L,, where L, — length of the auger
shaft of the combined cleaner; S, =L,, where L, — length of the carrying
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run of the feeding conveyor; S, =H, =L,sina4,, where H, — height of

movement of the RP from its point of contact with the carrying run of the
finger separator to the working surface of the combined cleaner, L, —

length of the carrying run of the finger separator; a« — a finger separator
angle in relation to horizon (deg.), 4, — a factor for proportionality of

height of movement H, of the RP relative to length L of the carrying

Toa)o kVo _ To kVo d(ﬁo
27 2w

axial movement of auger screws (m/s), k, — a factor for a decrease in V,

relative to V,,, T, — a step of the auger (m), @, =dg, /dt — an angular
velocity of the auger (rad/s), ¢, — a rotation angle of the auger, deg.;

run; V, =V, ky, = , Where V,  — a theoretical velocity of

V,=J20H, =20 sina4,, where ¢ — gravitational acceleration, m/s?
V, =V ok, =0,Rk, =Rk, % where V,, — a theoretical velocity of the

carrying run of the feeding conveyor (m/s), k,, — a factor for a decrease
in V, relative to V,_,, R, — the radius of the driving sprocket of the
feeding conveyor (m), @, =de, /dt — an angular velocity of the driving
sprocket (rad/s), ¢, — a rotation angle of the driving sprocket, deg.

In addition, let us denote the wi(t, )/W(t;) as a symbolic operator or
as a transfer function w:(t; )/W,(t,)=W.(s;).

Plugging the values of components into the dependencies (7), (9),

(10) and according to (1) we obtain the terminal condition for efficient
functioning of the CCS

wl e ) Jomat ol o e

) , (11)
szl:d(glz_lfvm )(dé?j }(1‘% } ( Y J(l wn)
fe e a2

[l_Wz (Sz )][]'_Wq (Sq )Il_Wo(So )]2 2[:I'_sz (Sz ][1_Wq (Sq )] 2 [l_Wz (Sz )]2 >1. (13)
The resulting dependencies are the mathematical models
describing the functional process of separation of impurities from root

crops by the CCS expressed in the parametric (11) and the operator
(12), (13) format.
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Conclusions. Based on examination of the material balance of
input and output flows of the RP mathematical models were developed
for intensification of the process of separating impurities from root crops,
which characterize the relationship of movement of impurity components
and root crops on the working surfaces of the CCS. General solution of
the models using, for example, the direct and inverse Laplace transform,
will optimize design and kinematic parameters and operation modes of
conveying and technological systems and root crop harvesting
machinery in general.
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MATEMATUYHA MOAENb ®YHKLUIOHYBAHHA
TPAHCMOPTHO-OYNCHOI CUCTEMU

B. M. bapaHoecbkku, M. P. lNaHbkie, H. B. [lomaneHko

AHoTauia. Po3pobka  8UCOKOEEKMUBHUX  MEeXHOJI02IYHUX
npouecie 36bupaHHs KopeHerinodie nepedbayae iHMezaposaHul Haykosul
nioxi0 00  eupiweHHs1 3as0aHb  Mo0asibWo2o0  yOOCKOHAalrEeHHs
mpaHCropmHO-O4YUCHUX cucmeM KopeHe3buparsbHUX MauwuH 3 Memoro
nidsuUWEeHHs iX rokasHukie skocmi pobomu. [locmaerneHi 3ag0aHHs
supiwytombcsi Ha nidcmasi rnodasibWo2o yOOCKOHasrieHHs1 MemoooJsioail i
MemoOuKU ornmumi3auii mexHos102i4HUX MOKa3HUKig ripouecy 8iddirneHHs
OOMiWoOK  8I0  KopeHerisiodie | KOHCMPYKMUBHO-KIHEMamu4HUX
napamempie i pexumie pobomu poboyux opaaHie mpaHCcriopmHo-
OYUCHUX cucmeM 80poxy KopeHersiodie. Teopemu4yHi OOCIIOXEHHS
YHKUIOHYB8aHHS MEeXHOJI02i4HO20 rpouyecy iHmeHcudgikauii eiddirneHHs
OoMIWOoK 8i0 KopeHernnodie rnpoeedeHO WIIAXOM MOOE08aHHS Mpoyecy
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rnepemiweHHs1  8opoxy  KopeHennodie no  poboyux  opzaaHax
MmpaHCcriopmHoO-O4UCHOI  cucmeMu 3  8UKOPUCMAHHSM  PIBHSIHb

MamepianbHo20 banaHcy | noHAMMSs  «8xi0-euxi0»  CKriaOHoI
MamepianbHoi  QuHamiyHoi cucmemu. 3 ymosu  3abe3rneqyeHHs
mexHos102iYHoCmi YHKUIOHY8aHHS cucmemu po3pobrieHo

MamemMamuyHi Modoesni, SKi xapakmepu3yroms rpouec iHmeHcugikauil
8i00ineHHs1 OMIUWOK 8i0 KopeHernodie.

KniouoBi cnoBa: kopeHenniodu, OomiwkKu, mpaHcropmep,
2ipka, o4uwyead, mnodaya 6OpPOXy KopeHersiodie, KoegpiyiecHm
cenapauir

MATEMATUYECKAA MOAEJIb ®YHKUMOHUPOBAHUA
TPAHCMNOPTHO-OYUCTUTENBbHOWU CUCTEMbI
B. H. bapaHoeckuu, M. P. lNaHbkue, H. B. [lomaneHkKo

AHHOTaUMA. Paspabomka 8bICOKO3(OHEKMUBHbIX
mexHoJsioau4ecKkux rpouyeccos ybopKu KopHernodos rpedriosiazaem
UHMe2pupoB8aHHbIU  Hay4HbIl  nModxod 00  peweHus  3aday
rnocriedyrou,eco ycoeepuieHcmeogaHusi mpaHcriopmHo-
oyucmumersbHbIX ~CUCMEM  KOPHEYBOPOYHbIX MaWwuH C  Uerslbio
rnoebIWEeHUs UX rlokasamersneu Kadecmea pabombl. [locmaerneHHble
3ada4qu pewaromcs Ha OCHO8aHUU rocriedyroweao
ycosepweHcmeogaHuss Memooosiocuu U MemoOUKU ornmumusayuu
mexHOos102u4ecKUX rokasamersieu rnpouyecca omaoerieHus rpumeceu om
KOpHernodo8 U KOHCMPYKMUBHO-KUHEMamU4YecKux rnapamempos u
pexumos pabombi paboyux opaaHO8 MpPaHCroPMHO-oHUCMUMErbHbIX
cucmemMm 8opoxa KopHersiodos. Teopemuyeckue  uccrie0o8aHUus
YHKUUOHUPOBAHUSI MEXHOI02UYECKO20 rpouecca UHMmMeHcugbukayuu
omodesieHUss npumeced  om  KOpHersio0o8 rnpogedeHo  rymem
ModesiuposaHusi rpouecca rnepemMew,eHUss 8opoxa KOpHennodo8 o
paboyux oOpeaHax MPaHCIOPMHO-o4YUCMUMernbHOU CcucmeMbl C
ucrionib308aHuUeM ypasHeHUU MamepuanbHo20 banaHca U MOHAMUS
«8X00-8bIX00» CJIOXKHOU MamepuarnbHol OuHamudeckolu cucmembl. C
ycrogusi  obecriedeHUsi  MexHosioeaudHoCmuU  QhyHKUUOHUPOBAaHUS
cucmembl  pa3pabomaHO Mamemamudeckue MoOesiu, Komophble
xapakmepu3syrom rpouecc UHmMeHcugukayuu omaoersneHus rpumecel om

KOpPHennooos.
KnioueBble crnoBa: KopHenso00bl, npumMecu, mpaHcropmep,
20pKa, oyucmumersb, nodaya eopoxa KOpHernooos,

koaghpuyueHm cenapayuu
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