50 Mioceysiecokuii 30ipnux "HAYKOBI HOTATKH". Jlyyek, 2017. Bunyck Ne 60

UDC 631.361.22
E.B. Berezhenko, V.M. Baranovsky
Ternopil Ivan Puluj National Technical University
TECHNOLOGY OF HARVESTING OF ROOT CROPS

The development of energy-saving technologies for agricultural crops production is a strategic and priority direction
for further balanced development of the agro-industrial complex in Ukraine. In this aspect, an important task of scientific
research is the development of the concept of a significant reduction in energy demands, which is spent during the
technological process of harvesting the main mass of the tops of root crops. On the basis of the identification of technological
processes and structural models of existing devices for harvesting tops of root crops, a new technology for harvesting the main
mass of the tops of root crops and a device for its implementation is proposed — an improved energy saving module of root
harvesters. The energy saving method, in contrast to the existing technology of stacking the cut and crushed tops with a screw
conveyor on the collected field into a roll, involves the stacking the tops between rows of the root crops. Reducing energy
demands is achieved by eliminating the operation of moving the tops with a screw conveyor.
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€.b. bepexenko, B.M. bapanoBcbkuii
TEXHOJIOI'TA 3BUPAHHS THMYKU KOPEHEIIJIOAIB

Po3pooka enepzozbepicarouux mexnon02iii UPOOHUUMEA CilbCHLKO2OCNO0APCLKUX KYIAbmyp € cmpameiunum i
npiopumemHuM HANPAMKOM ROOAILUIOZ0 30AAHCOBAHO20 PO3GUMKY AZPONPOMUCI06020 Komniaekcy Ykpainu. B yvomy
achnekmi 6aj)caueumM 3a60AHHAM HAYKOBGUX 0OCTIOMNCEHb € PO3POOKA KOHUEnuii 3HAYHO20 3MEHWEHHA 3ampam eHepeil, AKi
GUMPAUAIOMbCA NI0 YAC MEXHOJ02IYH020 Rnpoyecy 30UPAHHA OCHOB6HO20 Macugy 2uuku Kopeuennodie. Ha ocnoei
idenmupixayii mexnonoziunux npoyecie i CMpyKmypHux mooesneil iCHylouux npucmpoie ona 30Upants ZU4KU KOPeHennooie
3anpoOnoOHOBAHO HOBY MEXHOJ02il0 30UPAHHA OCHOBHO20 MACUBY ZUYKU KOPeHennodie i nmpucmpii 0na ilozo peanizauii -
600CKOHANEHUIl eHepzo30epizarouuil mModyns KopeHne3oupanvhux mauwiut. Enepzosbepizarouuit cnocio, na eiominy 6io
icHy0u0i mexnonozii yknadanusa 3pi3anoi i noopioHenol zuuKu WHEKOsUM MPAHCHOPMEPOM HA 3i0panuill none & 6aok,
nepeoodauac yKnaoanHus SUYKU 8 MINCPAOOA KOPEHEnnodie. 3IMEeHUIeHHA UMpPam enepzii 00CAZacmbCa WiaXom YCyHEeHH
onepauyii nepemiugeHHa 2UUKU WHEKOBUM KOHBEEPOM.

Kiwuogi ciioBa: moodyins, pomopHuil 2uukopi3, Hanpasisiouull KaHa, OUIUWIbHULL OUCK, (hapmyx, eHepeo3ampamu.

E.b. Bepesxenko, B.H. bapanosckuii
TEXHOJIOI'YSA YBOPKHU BOTBbBI KOPHEIIVIOAOB

Pazpabomka 3nepzocoepezaouiux mexHon02uil NPoOU3600CMEA  CENbCKOXO3AUCMEEHHLIX KYAbMyp A6AAEMCA
cmpamezuieckum U NPUOPUMEMHLIM HANPAGTCHUEM OQIbHEele20 COANAHCUPOCAHHO20 PA36UMUA AZPONDOMBIULIEHHO20
Komnaexca Ykpaunvli. B 3mom acnexme eajcnoii 3adaueil HayuHBIX UCCE006AHUN AGNACMCA PA3PAOOMKA KOHUEnyuu
3HAYUMENBbHO20 YMEHbULEHUIO 3ampam IHePIUU, KOMOopble PAcXooylomca 60 6pPeMs MeXHON0ZUYeCK020 npouecca yoopKu
0CcHO6H020 Mmaccusa 6omevl Kophuennodos. Ha ocnose udenmuurayuu mexmonozuueckux npoueccogé u CmMpyKmypHbiX
Moodeneli cyuwiecmeyouux ycmpoicme 01 yoopKku 60mevt KOPHENA0008 NPeON0IHCeHA HOBAA MEXHOI02UA YOOPKU OCHOBHO20
Mmaccuea 60mewvl KOPHENI0006 U YCMPOIICIEO O €20 Peanu3ayuu — yco8epuieHCMe08aHHblil IHEP2ocOepezaouull Mooyb
KOpHEyOOpoUHbIX MawiuH. IHep2ocoepezaruuil cnocod, 6 omauiue om Cyuwiecmeylouieii mexHoa02ul YKiaoku cpe3anHoll u
U3MENbUCHHOU OOMEbl WIHEKO6bIM MPAHCNOPMEPOM HA COOPAHHBLIL Noje 6 640K, npedycmampueaen yKiaoKy 60mevl 6
Medcoypadba KOPHENi0006. YmeHnvuienue zampam IHepuu 00CMUACMCA NYMeEM YCMPAHEHUA ONnepayuu nepemeujeHus
00mebl WIHEKO6HIM KOHEEHEePOM.

Kniouesvie cnosa: mooyib, pomopmubulii O0meopes, HANPAGIAIOWUL KAHAN, OelumenvHvlil OUcK, Gapmyx,
9Hep2o3ampamul.

Formulation of the problem. The root crops of sugar, fodder beet and root chicory are important
technical crops of agricultural production. Sugar beet is the primary source for obtaining raw materials,
from which sugar is produced as a strategic food product, which is in great demand in the world market
and other important minor products of its processing. The root crops of fodder beet and tops are valuable
components of the feed ration of farm animals. Fodder beet, in the feeds of the autumn-winter period, is
the main type of juicy feed stuff that has a large amount of carbohydrate nutrients, especially useful for
dairy cattle. Introduction in the diet of dairy cows of fodder beet helps to increase feed intake by 8...11%,
increase the milk production of animals by 10%, assimilation of organic substances by 5...8% [1].

The roots of chicory are used in the pharmaceutical, coffee, alcohol and confectionery industries.
The value of chicory is determined by the content of various kinds of saccharin’s in root crops that is
inulin, fructose, glucose, various kinds of acids and vitamins useful for the organism and rare in natural
products, vitamins, and also trace nutrients including iron, copper, zinc, chromium. The products of two
processing plants in Ukraine, which are loaded at 15...25% of the production capacity, are exported to
France, Belgium, Hungary, Russia, the Republic of Belarus, the United States. Despite the growing
demand for raw processing products of root chicory, the acreage of this strategically important
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agricultural crop in Ukraine is annually reduced by 20...30% due to unsatisfactory provision of harvesting
tools for root crops, such as harvesting of the tops and digging of root crops [2].

Analysis of recent research and publications. Analysis of well-known scientific works (3-6)
showed that the existing technologies for harvesting the leaves are energy-consuming. The increase in
energy costs occurs at the stage of transportation of the cut-off haul by a transverse screw conveyor.
Significant cost reduction is achieved by eliminating this intermediate operation and laying the cut tops
not in the cleaned field, but in between.

Setting goals. The purpose of the work is to reduce the energy costs of the technological process of
harvesting the main body of root crops. The achievement of the goal is realized on the basis of the
improvement of the technology and design of the module for harvesting the leaves.

Statement of the main material. In addition, the tops of sugar, fodder beet and root chicory are
also one of the sources nutrient return to the soil after spreading the severed tops to the harvested field.
Due to increase in energy prices in recent years, both in the world and in Ukraine in particular, as energy
resources began to use biological fuel, which is produced from high-performance energy crops. One of
the most advanced alternative sources of energy today is a solid biological mass of organic origin
including vegetable, which is an environmentally friendly renewable energy source. The raw material for
the production of such energy is agricultural and food products. The most important varieties of this fuel
are biodiesel and bioethanol.

For the production of bioethanol, any raw materials containing a significant amount of sugar or
materials that can be reformed to sugar, for example starch or cellulose, is used. Common sugar crops that
are used as raw materials for bioethanol production are sugar and fodder beet, root chicory, sugar cane,
sugar sorghum etc.

A special place in this list belongs to root crops, which for their agrobiological properties have a
sufficiently high and stable energy potential among agricultural crops. With proper cultivation techniques,
they can provide yields of up to 100 t/ha, and sometimes much more. Modern varieties and hybrids of
root crops with a high yield potential give a large yield of clean energy and biogas. After the processing
of root crops, energy carriers are obtained in the form of sugar, bioethanol or biogas, fig. 1 [7].
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Fig. 1. Potential yield of bioethanol per 1 hectare of crops

An important criterion of obtaining benign raw materials for the processing and food industries of
the agro-industrial complex is timely harvesting of root crops in in accordance with established
agricultural quality indicators. Both late and early harvesting of root crops result in significant losses of
many types of structural natural components, or a decrease in the quality of raw materials for its
processing [8]. The sustainable development of the world agro-industrial complex is impossible without
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the development of new progressive approaches to the creation of effective technologies and technical
means for harvesting crops.

The mechanized harvesting of sugar root crops, fodder beet and root chicory is one of the most
labor intensive and energy-consuming operations in the general context of crop production and processing
raw materials not only in Ukraine but also in highly developed countries of the world community.

The choice of perspective layout schemes and the development of new designs of working bodies
and technical means for harvesting the tops should in general be based on the world experience of
reducing energy resources, considering the special aspects of domestic agrotechnical, technical and
economic, ecological and other production requirements.

On the basis of the research of technological processes that realize the cutting of the tops of root
crops and technological schemes of top harvesters and technical equipment of domestic and foreign
production, it can be stated that at the modern stage the top harvesters compete harvesting of the tops
without gauging capitulum of root crops [8].

The presence of a wide variety of layout schemes for the top harvesting mechanisms is directly
related to both the top harvesting techniques (Fig. 2) or the use of tops (the use of haulm for food or as
organic fertilizer by spreading it onto a harvested field) and with technological operations that realize
Every single technology of its harvesting.
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Fig. 2. Technology and operations of harvesting the root crops

Considering the specific biological characteristics of the tops of root crops (significant yields),
mechanized harvesting of the tops can provide for five main adjacent technological operations: cutting the
main mass of the tops, transporting the cut tops with forming into the roll or spreading it onto the
harvested field, cutting off the deads of the tops from the capitulum of root crops, loading into the
transport.

At this stage, cutting the main mass of tops is carried out without gauging capitulum of root crops,
or by method of non- retaining cutting of the chisel blade with the use of working bodies of the rotor type
(rotary top cutter) with a horizontal axis rotation of the rotor. Subsequently depending on the technology
of harvesting the tops, the cut tops with the knives of the rotary top cutter used for appointment:

- for forming the roll of cut tops, a screw conveyor is used, which detrain the tops on the harvested
field;

- for the spreading the cut tops onto the harvested field, a rotary top thrower is used which is
installed at the similar end point of the screw conveyor;
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- for loading the cut tops into the vehicle (when using the tops for feed) use a loading slat conveyor.

The first stage of single-phase harvesting of root crops, which is mainly used in the countries of the
European Union and in most cases in Ukraine and the Russian Federation, is a two-stage harvesting tops
by top harvester modules in composition of self-mobile hopper combine harvester: the first stage is the
cutting the main mass of tops; second stage is the cutting the deads of tops from the capitulum of root
crops

At the first stage, such operations are performed, Fig. 3a:

- cutting of the main mass of the tops with knives of the rotary top cutter withits with its
simultaneous grinding;

- feeding the milled tops by the motion path to screw conveyor;

- transportation of milled tops with spiral by spiral turns of the screw conveyor

- delivering the tops by spiral turns through the discharge ring of the screw conveyor into the roll or
spreading the tops to the harvested field by rotary top thrower which is installed behind the discharge ring
of the screw conveyor.

ROTARY TOP A TRANSPORTATION
CUTTER OF MILLED TOPS

S sCREW 0
Q| convevor B

Fig. 3. The operations of harvesting the main mass of the tops:
a - the existing technology; b - advanced technology

In the second consecutive stage, the deads of the tops from the capitulum of root crops are trimmed
with various designs cutters which are made as a “passive passive-feeler chisel”

The disadvantage of this method of harvesting the tops are high energy costs for additional
transport operations by the screw conveyor and spreading the milled tops by a rotary tops thrower.

Therefore, the development of new designs of technical means for harvesting tops of root crops
should be based on world experience in reducing energy resources, taking into account the peculiarities of
domestic agrotechnical, technical-economic, ecological and other production requirements.

The working hypothesis is based on the solution of the scientific task of reducing energy costs
during the harvesting the main mass of tops, which provides for the elimination intermediate link in the
design-layout scheme of the module for harvesting the tops in the form of transport element made in the
form of a screw conveyor and installed in the guide channel.

Considering the world trend of a single-phase method of harvesting root crops by modern self-
mobile vehicles, which provide for the block-modular principle of their construction, we proposed an
improved method of harvesting the main body of root crops.

The method of harvesting involves three adjacent operations, Fig. 3b:

- cutting the main mass of the tops with chisel and with its simultaneous grinding;

- transportation of the milled tops in the guiding channels of the arcuated shell;

- stacking the milled tops between the rows of root crops to the area of the dividing plates.
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Herewith the cutting of the main mass of tops and spreading the milled tops between the rows of
root crops is carried out by one working body. To implement the method, we proposed an improved
module for harvesting the main mass of root crops tops, Fig. 4.

The top harvesting module consists of a base 1, on which the support wheels 2 are sequentially
installed, rotary top cutter 3 with a horizontal axis of rotation and an arcuated shell 4 is located at the rear
and above the top part of the rotary top cutter.

The rotary top cutter is made in the form of a horizontal shaft 5 on which the sections 6 are
mounted. Each section is made in the form of a roller 7, on which the chisel 8 are fixed. Each roller with a
T-shaped chisels is located above a row of root crops 9. The rotary top cutter is installed in supports 10,
that are mounted on base of the module. On each roller between the chisel are installed dividing plates,
which are located between the rows relative to two adjacent rows of root crops. On the inner surface 12 of
the arcuate shell guide channels 13 for transporting the milled tops, which have an input 14 and an output
15 throat, are installed. The hinged baffle is installed behind the output throat of each guide channel, and
the output throat of each guide channel and hinged baffle is located between adjacent dividing plates. The
horizontal shaft rotates at an angular velocity w, the direction of movement is opposite to the direction of
movement of the module for harvesting the tops of root crops.

View A

- |

Fig. 4. The constructive scheme of the improved module for harvesting the tops, side view:
1 - base; 2- support wheel; 3 — rotary top cutter; 4 — arcuated shell; 5 — horizontal shaft of
top cutter; 6 — section; 7 — roller; 8 — chisel; 9 — row of root crops; 10 — support;
11 —dividing plate; 12 — inner surface of arcuated shell; 13 — guide channel; 14, 15 — input
and output throat of guide channel; 16 — hinged baffle

During movement of the harvesting module along rows, the chisels due to rotating the rotary cutter
3, cut the main mass of the tops and feed it along the path of movement to the input throat 14 of the guide
channel 13. Due to T-shaped form air flow created by the rotation of the chisels, the cut and milled tops
are transported along the guide channel 13 to its output throat 15, and then transported to the hinged
baffle 16, where the milled tops are spreading between the rows to the location of dividing plates.

Conclusions. Thus, by eliminating the intermediate operation of transporting the cut and milled
tops with a screw conveyor and then delivering it onto the harvested field the energy consumption for the
implementation of the technological process for harvesting the main mass of the root crops tops is
significantly reduced.

Therefore, a promising direction is the subsequent carrying out of in-depth theoretical and
experimental studies to justify the rational parameters and operating modes of the improved top harvester
module.

Complex evaluation of the parameters and operating modes of the module are prerequisites for the
subsequent intensification of the energy consumption of the harvesting process for the main mass of root
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crops tops, or optimization of the constructive-kinematic parameters and working conditions of the root
harvester as a whole.
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