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An analysis of the design features and technological processes of the functioning of working bodies
intended for One of the main areas of use of renewable energy sources in Ukraine is biomass energy. The
bioenergy industry in Ukraine has the greatest development potential. This is due to the peculiarities of the
climate, the potential of the agricultural sector and the availability of the necessary labor force. The greatest
energy potential in Ukraine is possessed by such types of biomass as agricultural crops. Among the promising
crops for green energy, both in the world and in Ukraine, energy willow is distinguished. Willow plantations
are established in an area of sufficient moisture with a high level of groundwater.

The article is devoted to the problem of harvesting and saving means of drying crushed willow mass
for further use. In today's conditions, the problem of energy resources arises in the winter period. The
production of solid types of biofuels - granules and briquettes - has gained the greatest development in
Ukraine. The main raw materials for the production of solid biofuels are woodworking industry waste
(sawdust, chips), straw of grain and leguminous crops, sunflower husks, etc. The production of such raw
materials is unstable and seasonal, which negatively affects the efficiency of solid biofuel production plants.

Energy willow is the main energy bioculture grown in agriculture. Willow is a fast-growing tree, the
crushed mass of which is used to produce energy, and it is also an environmentally friendly raw material for
the production of fuel pellets and briquettes suitable for burning in boilers.

Based on comprehensive scientific research, taking into account biological, agrotechnical,
technological and economic features, elements of the technology for growing energy willow in different
agroclimatic zones of Ukraine have been developed. As a result, a technology for growing energy willow has
been developed for the first time, which ensures a yield of biological raw materials of 40-70 t/ha and its use.

Given the high importance of using energy willow as a solid biofuel, its harvesting and processing are
of great importance in the technology.
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Eq. 11. Fig. 4. Ref. 13.

1. Problem formulation

One of the important factors in growing energy willow plantations is appropriate support for producers
from the state. The concept of sustainable development, developed by European countries, provides for the
rational use of natural resources. This issue has become particularly relevant for both Ukraine and other
countries that are faced with the problems of providing industry and the population with energy resources,
which involves the energy security of the state, in particular, reducing dependence on gas supplies. The reason
for this state of affairs is the depletion of natural resources, in particular gas, oil, coal [1].

To solve this problem, bioenergy is being actively introduced and developed, which, in addition to the
energy received, leads to a reduction in the negative impact on the environment. Currently, special combines
are used for cutting and processing wood mass on energy plantations [2].

The flow method of harvesting energy crops is the most common with large-scale harvesting of energy
crop biomass. This method allows you to reduce the costs of planning, management, etc. per unit of production
- fuel chips. Currently, great attention when harvesting energy crops is paid to flattening the stem for
subsequent drying and grinding [3].
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2. Analysis of recent research and publications

A number of studies and publications are devoted to the analysis of technological processes of
flattening, as well as the designs of machines for harvesting and harvesting bioenergy crops [3, 5-9].

In the work [3] it is noted that when drying crops in natural conditions, uneven drying of individual
parts of plants is observed. Leaves dry 2-3 times faster than stems, which is especially negative when
harvesting energy crops. For example, with stem humidity within 40-45%, leaves have a humidity of about
16%. Rough and juicy stems dry slowly, and the leaf part dries out and easily falls off with further mechanical
action, which leads to an unacceptable increase in crop losses, including its most valuable part - leaves. To
ensure uniform drying of all parts of plants, the drying rate of stems should be approximately equal to the rate
of moisture loss by leaves. This can be achieved by flattening the plant mass.

In works [5-7], the designs of mowers with different types of cutting devices were considered and their
efficiency was assessed in terms of agrotechnical, operational-technological, energy and economic indicators.

The flattening rollers can be with a metal or polyurethane surface and have a different surface shape -
smooth or ribbed. For example, the KUHN flattening system consists of two polyurethane rollers with a
QUADROFLEX profile, which is formed by successively placed protrusions and depressions on the surface
of the rollers, which form ribs in the form of a broken line [8].

When the rollers rotate, the protrusions on one of them enter the depressions on the other, and the ribs
of the roller surfaces converge from the edges to the center, performing flattening of plants in both the
longitudinal and transverse directions. In this case, in addition to the gentle flattening of plant stems, the natural
wax coating is removed (macerated) from their surface, which also accelerates moisture release [8].

In the work [9] it is noted that for flattening plant mass, a drum-type working body is also used - a drum
with flails with a rotation frequency of 600 - 2000 rpm. The flails are made of steel or synthetic materials, with a
round or rectangular cross-section, 150 - 200 mm long, of various configurations: V-shaped, finger, hammer,
which can be attached to the drum rigidly or hingedly. Flattening of the beveled plant mass, together with the
removal of the natural wax coating from their surface, occurs due to impact, pulling it along the inner surface of
the casing of the flattening device or pulling it between the fingers placed in the working area of the flails.

3. The purpose of the article

The purpose of the research is The purpose of the research is to improve the efficiency of the unit for
flattening raw materials by intensifying the process of harvesting bioenergy crops.

4. Results of the researches

The task of mechanical processing of reeds for fiber is to destroy the wood of the stem and separate it
from the fiber. This process includes the processes of flattening. Flattening of the plant mass is carried out
simultaneously with mowing grass in favorable weather for drying biomass. The flattening rollers of the
mower-flatter should not grind the plant mass. Grinding of the plant mass by flattening rollers leads to losses
of leaf and stem parts. The completeness of flattening of the material should be at least 90% [4, 10].

Flattening is the process of passing the plant mass between two parallel, horizontally placed one above
the other cylindrical rollers with counter-rotation, which compress the plant mass with a certain force,
destroying the covering tissue of the stems (skin) with the formation of transverse breaks and longitudinal
cracks on it, through which the stems quickly lose moisture.

The increase in the difference in stiffness between fiber and wood is achieved by pre-drying the reed
from a moisture content of 12 - 13% to a moisture content of 6 - 8%. When the moisture content changes in
this range, the flexibility and strength of the fiber decrease slightly, and the stiffness of the reed increases
sharply, which increases the effectiveness of the crushing effects [11, 12].

With the transshipment method of harvesting energy willow, the biomass collected by combines is
unloaded on the go into a transport trailer and taken to the edge of the field, where it is placed in field piles for
temporary storage (Fig. 1).

© ©

Fig. 1. Harvesting energy willow with a self-propelled harvester.
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Currently, there are several schemes of compactors (Fig. 2), which to one degree or another correspond
to the specific features of the machine designs.

Fig. 2. Schemes of flattening devices with different narrowing coefficients of plant raw materials:

1 —receiving beater; 2 — upper flattening roller; 3 — plant biomaterial; 4 — conveyor plate; 5 — lower
flattening roller; 6 — conveyor; 7 — upper flattening roller; 8 — upper feeding conveyor; 9 — feeding roller
with retractable fingers; 10 — lower feeding conveyor.

The most important parameter for the process of compacting rollers - the angle o of the mass layer
capture (Fig. 3) can be determined depending on the diameter D of the rollers, the thickness H of the mass

layer entering the rollers, and the thickness of the mass layer compacted by the rollers [11, 13].
b2

Fig. 3. Scheme for calculating the diameter of the flattening rollers.

The thickness of the layer of mass entering the rollers is calculated:

H__hZE_QCOSa (1)
2 2 2 .
H—-h=D-(1-cosa) 2
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The diameter of the rollers is calculated using the formula:

_ H-h
1-cosB’

()

where 3 — the wedge angle.

Considering the interaction of the roller with the layer of incoming mass (Fig. 3), it is seen that it
comes from the side of the rollers, taking into account the reaction R and the friction force T. Their resultant
force F can be directed towards the rollers when ¢ > [3; vertically when ¢ = B; away from the rollers when
¢ < B. The rollers capture and pull the mass when ¢ > 3, when ¢ = § the mass slips and when ¢ < it is repelled.
The point of application and the magnitude of the resultant force F are not constant, they change in the process
of mass advancement depending on the ratio of forces. In steady motion, the force F is applied closer to the
middle of the contact arc ab. Since the angle ¢ between the reaction R and the resultant F is equal to the angle
of friction, then in a steady process of mass movement in the rollers always ¢ > .

The friction force is calculated:

T=Rf 4)

where the friction coefficient f = zg ¢, respectively:
Rf -cos f>R-sing, (5)
f >1t98, tgp >t9B, o> p. (6)

Let's calculate the diameter of the rollers D:
H-h
D=———.

-t (7)

J1+tg°p
The upper roller is made with special ridges, with a diameter of 150 - 300 mm, which increases their
adhesion to the captured mass several times.
The speed of the flattening roller v, should ensure unhindered tightening of the captured mass with a

speed o,
The required speed of the flattening rollers, which ensures unhindered flow of the mass of a given
thickness H, can be obtained from the expression:

Dv

=" 8
Cs D+h-H ®
v, D
v D+h-H' ©)

mp

The permissible thickness of the feed mass layer is calculated:

H:h+D-(1—U”“j. (10)

Uy
To ensure reliable transfer of mass to the lower compacting roller and prevent mass from being drawn
into the gap between the conveyor and the roller, the following is adopted:

U{f

=1,25...1,35. (12)
U,

To select a scheme for a machine for harvesting energy crops by flattening, we select a trailed machine
with disk cutting working bodies, a roller flattening device, a conveyor for feeding the collected material into

the vehicle. The composition and operation of the unit for harvesting energy crops by flattening are shown in
(Fig. 4).
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Machine for harvesting energy crops by flattening (Fig. 4). consists of an energy carrier 1 (tractor), a
header 4 with rotary working cutting elements 9, the header is attached to the energy carrier by a hitch 2, the
header is equipped with receiving rollers 5 to direct the mass to the conditioner, and conditioner rollers 6 to
flatten the crop, an inclined conveyor 7 is installed to transport the flattened mass to the trailer 8, which feeds

the mass into the vehicle, a tractor trailer 8 is attached to the header frame, which transports the flattened mass
to the place of drying and processing.
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Fig. 4. Scheme of a trailed unit for harvesting energy crops by flattening:
1 —tractor; 2 —header trailed device; 3 —energy crop; 4 —header; 5—receiving rollers; 6 — flattening
device; 7 — conveyor; 8 — trailer; 9 — cutting device.

5. Conclusions

The use of mechanized technologies in harvesting bioenergy crops is currently relevant when using
renewable energy sources.

A scheme of a flattening device using two types of feed rollers is proposed. The interaction of feed
and flattening rollers with a corrugated coating will increase the efficiency of the unit and the quality of
flattening of the cut material, which will lead to a reduction in costs by eliminating the forced drying operation.
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TEHAEHIII 3ACTOCYBAHHS HOBUX TEXHOJIOT'TI I MAIIIVH JIJI1 3SBUPAHHSI
BIOHEPTETUYHUX KYJIBTYP

Cmamms npucesauena npod.iemi 30Upants 8poAHCa ma eKoOHoOMii 3aco6ié cyuinHa noopibHenoi macu
6epoU 0J1s1 NOOATLULO2O BUKOPUCTIAHHSL.

B ymosax cboco0enns sunuxae npooiema enepeemudnux pecypcie y sumosuii nepioo. Haiibinouio2o
PpOo36UmMKY 6 Ykpaini Habyn0 6upobHUYmMeo meepoux eudie Oionanusa zpamyn i Opuxemis. Ilepesasicro
CUPOBUHOIO 0/ 8UPOOHUYMEA MEep0o2o bionaiuea € 8idxoou 0epegoobpobHOI npomuciosocmi (mupca,
mpicKa), conoma 3epHoux i 3epHOO0O08UX KYIbMYp, COHAUWHUKO8A JTy3ea mowjo. Bupobnuymeo makoi
CUPOBUHU € HECTNADINLHUM | MAE CE30HHULL XapaKmep, Wo He2amueHo 6Nnaueac Ha eQekmueHicms pobomu
3a600i8 i3 8UPOOHUYMBA MBEPA020 DIONAIUBA.

Enepeemuuna eepba A6714€mbCsi OCHOBHOIO eHepeemudnol OIOKYIbMYypoIo, AKA SUPOWYEMbCA 8
cinbebkomy 2ocnodapemsi. Bepba ye weuokopocne depeso, noopidneHa maca siKoi 6UKOPUCTNOBYIOMbCSL 0TSl
BUPOOHUYMEA eHepeil, a MAaKOiC Ye eKOJO2IUHO YUCA CUPOBUHA Ol SUPOOHUYMEA NATIUGHUX 2PAHYI A
bpukemis, npUOAMHUX 00 CNANIOBAHHS 8 KOMIAX.

Ha ochosi KOMN1eKCHUX HayKo8ux OOCNIONCeHb 3 YPAXYEAHHAM OION02IYHUX, A2POMEXHIYHUX,
MEXHONO2IYHUX ™A EKOHOMIYHUX 0coOaugocmell po3pooneni eneMeHmu MexHoN02l  BUpOWy8aHHs.
eHepeemuyHol 8epou 8 YMOBAX PI3HUX ASPOKIIMAMUYHUX 30H YKpainu. B pe3ynomami énepuie pospodiena
MEXHOJI02Is, BUPOUYBAHHS eHepeemUuuHOi 6epou, saKa 3abe3neuye ypoxcatinicme 6ionoziunoi cuposunu 40-70
m/2a ma ii BUKOPUCMAHHSL.

Bpaxosyiouu sucoxe snauenns 6UKOpUCmanHs enepeemudHoi eepou, K meepoozo 0ionaiuea eenuxe
SHAUEHHsl 8 MEeXHOA02IL 3aumac it 30upanis ma nepepooxa.

Kniouosi cnosa: Gionanueo, emepeemuyna eepba, mexnonoeis, 30upanus, nepepooxa, nalOWeHHs,
azpezam, eqeKmueHicme.
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