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Summary. Fodder beet pulp is harvested separately using the principle of cutting it at the root. The
agrophysical characteristics of root crops (location of their heads relative to the soil surface) greatly affect the
process of separating the remains of the pulp from the heads. At the same time, it is advisable to carry out the
technological process of collecting scallions in a combined (two-stage) way. It combines the cutting of the main
mass of the gorse and the subsequent removal of the remains of the gorse from the heads of root crops with cutters
of the «passive copier-passive knife» type. The aim of the research is to increase the functional indicators of the
gorse-harvesting modules by developing improved working bodies for cutting the gorse. The article provides a
description of the technological process of the improved cutter for the remnants of hemlock and the results of
comparative experimental studies of three designs of cutters.
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Statement of the problem. Reconstruction of the production potential of Ukraine in the
post-war period is impossible without sustainable development of the agro-industrial complex.
The livestock sector is an important link in ensuring the country's food security. In this context,
fodder beet root crops are one of the types of juicy fodder for dairy cattle. Fodder beet pulp is
one of the sources of renewal of soil fertility after it has been incorporated into the soil
environment [1].

The problem of improving of haulm-cleaning modules technical level, cutting haulm
quality indicators are their assessment critieria, remains particularly relevant in terms of further
development of root crops technique [2].

Haulm harvesting is one of the most labor-intensive operations in the technological
process of fodder beet production. Modern directions for the development of single-phase
propelled root crops machines provide block-modular principle of their construction. Two-stage
method of haulm harvesting is the first stage of single-phase technology of harvesting root
crops — cutting the main body of haulm by rotary haulm cutter followed by cutting the remnants
of haulm by a «passive copier-passive knife» re-cutter [3, 4, 5].

Since the first development and application of technical devices and facilities for
mechanical harvesting of root crops extensive experience in the establishment of relevant
working bodies and machines has been gained in the world practice. Agrobiological and
mechanical properties of root crops and haulm of fodder beets, their location relative to the
surface of the soil largely influence the work conditions modules of harvesting haulm. These
indicators accordingly regulate construction features of working bodies for harvesting the main
array of haulm and cutting off its remnant from root crops heads [6, 7, §].

Corresponding author: Viktor Baranovsky; e-mail: baranovskyVm@UKI.Net ... ..........c.oc e eeoes oo eee e e 99


https://doi.org/10.33108/visnyk_tntu
https://doi.org/10.33108/visnyk_tntu2023.0
https://doi.org/10.33108/visnyk_tntu2023.01.099

The results of the study of the cutter of the remains of root crops haulm

Reduction of root crops yield during the harvesting is caused by their losses during
digging up and haulm harvesting. This is due to significant number of root crops knocked out
from the soil (1.5...2.0%) and damaged root crops (15...20%), of these by chipping surface of
heads cutting — up to 10%. At the same time the wastes of cutted root crops heads with haulm
to the total mass are within 5...8%, and the pollution of root crops thresh by remnants of haulm
amounts to 3...5% [9, 10, 11, 12, 13].

Obtained indicators of operating machines for haulm cleaning or their harvesting
modules are unsatisfactory. They do not correspond to the established parameters in accordance
with the agrotechnical requirements on the basis of their imperfection constructive and technical
decisions the main working bodies — rotary haulm cutters and of haulm remnants re-cutters of
root crops heads.

There are a lot of design and layout schemes for cutting and harvesting haulm and
working bodies of beet harvesting machines: from haulm cutting rotors to fodder root re-cutters.
This is related to both the harvesting technologies and agro-technical requirements for haulm
cleaning and roots vegetables quality indicators [14, 15].

There are many ways of mechanical haulm removal of root crops such as cutting,
beating down, tear off. Cutting and knocking down of haulm are the most common ones.

Based on the study of technological processes of cutting haulm and constructive-
technological schemes of haulm harvesting modules and haulm harvesting machines of
domestic and foreign production one can be stated the following. At present haulm-cutting
devices typically cut haulm only on the principle "on the root". In such case main body haulm
harvesting occurs without copying the heads of root crops and and haulm remnants cutting —
with copying of root crops heads by differernt mechanisms [16, 17, 18, 19].

Therefore improvement of structural and layout schemes and working bodies of
machines for haulm harvesting or haulm harvesting modules and substantiation parameters of
their working bodies should be carried out taking into account the specific properties of this
process. This is particularly important and actually in providing the necessary quality indicators
of work according to the agrotechnical requirements [20, 21].

Statement of the problem. Objective of work is to increase technological process
indicators of haulm harvesting of fodder beet root crops through the development and
substantiation of working parameters of haulm harvesting machines.

Materials and methods. One of the ways to increase the efficiency of the technological
process of harvesting root crops, which is a complex scientific and technical task, is the search for
new structural schemes of working bodies and improved root harvesting modules created on their
basis, which are component systems of modern self-propelled root harvesting machines, Fig. 1.

Figure 1. General diagram of a self-propelled bunker harvester
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Mostly, the structural and layout schemes of self-propelled bunker harvesters and root
harvesting machines of the world's leading companies are of the same type and have a similar
structure, Fig. 1.

On the frame chassis, which rests on the support wheels, in front of the steered wheels
of the machine, a chaff collecting module is attached to implement a two-stage method of chaff
collection and a module for digging root crops, in the space between the bases of the chassis —
a cleaning and transportation module dug pile of root crops and the module for accumulating
cleaned root crops from impurities, which, as a rule, is made in the form of a hopper-
accumulator of root crops and an unloading conveyor, and behind the hopper-accumulator — a
power module, or an engine. The cabin with the machine's control bodies and working bodies
is installed above the front steerable wheels of the machine [22].

Devices that carry out haulm cutting on the root by the cutting method are divided into
machines for single-phase haulm cleaning method and machines for the two-phase method of
haulm harvesting, which in turn are divided according to the type of job. Cutting, during which
haulm cleaning is the result of knife blade cutting, is applied both for the bulk haulm harvesting and
its remnants while cutting heads of root crops. And the knives, which can be active or passive, carry
out haulm cutting without anti-cutting elements or counter movement of knives. Primarily it is
caused by root crops properties, fodder beet haulm and harvesting or using haulm technology —
using haulm for fodder or as an organic fertilizer by spreading it on a harvested field [23, 24]. At
the same time, mechanized harvesting of a chicory root crop involves performing two consecutive
and related technological operations or stages [25], they are cutting off the main array of the plant
and trimming the remains of the branch from the heads of the roots crops [26].

Based on the study of technological processes that implement the cutting of the tops of root
crops and technological schemes of haulm harvesters and technical means of domestic and foreign
production [27], it can be stated that at the present stage, haulm harvesters cut the main mass of
haulm only according to the principle «on the vine», which perform haulm harvesting without
copying the heads of root crops [28]. Depending on the further use of the cut plant, there are two
ways of harvesting the majority of the plant: loading the plant that has been cut by the disk working
bodies (Fig. 2) or using it for animal feed; and spreading the plant which has been cut and chopped
by rotary cutter knives on the surface of the field as siderates or fertilizers [29, 30].
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Figure 2. Scheme of the main operations for harvesting the tops of root crops
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In connection with the significant increase in the price of energy resources, and in most
cases of significant contamination of the biological structure of the leaves of haulm with
herbicides and pesticides, the method of harvesting haulm for animal feed is not used. In this
case, it is more effective to transplant the cut root crop into the soil environment [31, 32].

Based on the analysis of quality work indicators and technological parameters of haulm
harvesting, we proposed an improved machine for haulm harvesting that is used according to the
chosen haulm harvesting technology or method of haulm usage.

A well-known cutter for the remnants of root vegetables (Fig. 3), each of them is
designed as a parallelogram hinged suspension. Passive comb copier 2 and knife 3 are mounted
sequentially on the bracket 1 of parallelogram hinged suspension 1 [33, 34, 35].

Each knife 3 is designed as two-arm lever 5. The lever is installed at its finger 6 pivotally.
The finger rigidly is fixed on a support 7, which is connected to the bracket 1 rigidly. Working
stroke of the blade 4 of the cutting edge of the knife 3 in the horizontal plane is limited to support
8 which is mounted on the vertical finger 6 and support 9. The knife 3 is spring-loaded through a
spring 10, one end of which is fixed on a two-arm lever 5, and the second — on the fixed support
7. Shock absorber blow is made in the form of gasket 12 of elastic material, or, for example,
compression spring. It is installed between the bracket 1 parallelogram suspension and copier 2.

Figure 3. Construction diagram of the cutter of the remains of the haulm from the heads of root crops:
1 —the riser; 2 — copier; 3 — knife; 4 — knife blade; 5 — two-arm lever; 6 — finger; 7 — fixed support;
8 — support; 9 — stop; 10 — arm of lever; 11 — spring; 12 - shock absorber blow

However, due to the rigid connection of the copying parallelogram of the suspension,
the proposed cutter damages a significant part of fodder beet root crops. Damage to root crops
occurs due to significant dynamic loads that appear in the process of contact interaction between
the copier and the head of root crops.

On the basis of the analysis of the obtained work quality indicators and the technological
indicators of the beet pulp harvesting, we have proposed improved haulm of the fodder beet
pulp residue cutter.

For more efficient elimination and damage to the root crops in the process of dynamic
contact of the copier 2 (Fig. 3) with the root crop, we have proposed an improved design of the
root crop of root crops, the use of which can significantly improve the quality of cutting of the
residues of bush and the general indicators of the process of harvesting. To reduce the dynamic
load on the body of the root crop, the design of the riser 1 was improved, which was associated
with the parallelogram mechanism (Fig. 3 is not shown), copier 2 and knife 3.

The advanced construction of the riser, which is associated with a parallelogram
mechanism and a copy of the outline of the remains of a bush from the heads of the root crops
is shown in Fig. 4.

102 .......... ISSN 2522-4433. Scientific Journal of the TNTU, No 1 (109), 2023 https://doi.org/10.33108/visnyk_tntu2023.01


https://doi.org/10.33108/visnyk_tntu2023.0

Volodymyr Boyko, Viktor Baranovsky, Vitalii Pankiv, Volodymyr Onyshchenko, Sergey Marinenko

10 3
5 8
;=
7 '5'54‘“‘*

I*':’%f@
6 T2 )
\H\x‘_/-—/—/_f

Figure 4. Generalized scheme of advanced riser of the outline of the remnants of the bush from the heads of
the root crops: 1 — the riser; 2 — moving; 3 — finger; 4 — the side restrictive; 5, 6 — the restraint, respectively,
upper and lower; 7 —roller; 8 — compression spring; 9 — a roller bracket; 10 — supporting plate

Inside the riser 1 (Fig. 4) is mounted by moving thrust 2, which at the top goes into
finger 3. The lower part of the moving thrust is fixed to the plate copier 2 (Fig. 3), which is
rigidly bound to the cut with a knife 3. To the lateral surface of the moving traction 2 (Fig. 4),
the bracket 9 is fixed rollers 7, which move up and down into their grooves formed by restrictive
sides 4. The movement of moving rollers is limited by the upper 5 and lower 6 limiters, which
are made in the form of flat plates. The compression spring is inserted into the finger 3, the
upper part of which rests on the thumbnail 10.

In the process of work, part of the dynamic load resulting from the contact interaction
of the copier 2 (Fig. 3) with the head of the root crop is transmitted through moving thrust 2
(Fig. 4) and compensated (spent) for compression of the spring 8, which reduces components
(horizontal and normal tangent) forces of pressure on the root.

Additionally, due to the shock absorber blow that is made in the form of gasket 12 (Fig. 3)
impact force of copier is significantly reduced. A part of the impact energy is spent on the
deformation of the shock absorber or compensated for deformation gaskets and it reduces beating
out from the soil or damage of root crops.

To determine use efficiency of improved re-cutter construction mounted on the machine
field comparative experimental studies of three types cutters: a standard cutter of root crops heads
(firms «Kleine», «Moreauy, «Tim» etc., version 1), cutter of root crops heads which has a spring-
loaded knife and copier is installed on shock absorber in the form of an elastic plate (version 2)
and an advanced specimen of the remains of a haulm from the heads of root crops, a riser 1 of
which was made according to Fig. 4 (version 3).

Variable factors of two-factor experiment were accepted: machine speed; root crops
height relatively to the soil level. The results of coding and levels of variation of factors are
shown in the table 1 below.

Table 1

Results of coding of factors and their levels of variation

Eactors The in_ter_val of Levels of varia_ltion,
variation (Natural/Coding)
Working speed of the module V,, , m/s 0,3 1,2/-1 1,5/0 1,8/+1
The height of placement of root crops in
relation to soil level h_, cm 3 31 6/0 9+l
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Results and discussion. After processing the numerical values of the general sample
(sample volume — 100 root crops of fodder beets), regression equations were obtained, which
characterize the functional dependence of the change in the optimization parameter on the

progressive speed V,, of the boggy modulus of the location of the location h_ of the codes of
root crops relative to the surface of the soil:

- the number of fodder beet-boiled root crops from soil B, from the total number of
root crops of one sample

B, =-13,7+17,1V,, —4,4h +1,7V,,h -3,V +0,3h’;
B,, =20,8-14,6V,, —5,8h +0,8V,,h +5,2V, +0,5h; | ; 1)
B, =11,2-9,2V,, —4,4h +0,4V,,h +4,2V;% +0,5h’

- the number of damaged root crops of fodder beet 77, from the total number of root
crops of one sample

1, =-19,9+38,3V,, —13,2h +3,8V,, h —10,4V, +1,0h’;
I, =7,9+12,9V,, —13,6h + 4,2V, h —5,2V,2 +0,8h%; +. (2)
1, =656-39,8V, —15,8h +3,8V, h +7,3V; +1,0h

According to the regression equations (1)—(2), a graphic integration of functional
changes in optimization parameters in the ode of the response surface: the number of fodder

beet — boiled root crops from soil B, from the total number of root crops of one sample, Fig. 5,

Fig. 6; the number of damaged root crops of fodder beet 77, from the total number of root crops
of one sample, Fig. 7, Fig. 8.

Figure 5. The response surface of the number of root of root crops from the soil as punks B, = f,(V,,.h,)
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Figure 7. The response surface of the amount of damaged root crops as punks 17, = f,,(V,,.h.)

Based on the analysis of regression equations (1) and response surfaces (Fig. 5, Fig. 6)
established that the character of change in the number of knocked out root crops from the soil
Bir, for of three types cutters constructions is the same. With increasing speed of the machine
Vm and root crops height hy relatively to the soil level, values of Bir increase as a percentage of
root crops (Bur, Bor, Bar, Fig. 5, Fig. 6). Moreover the largest number of knocked out root crops
from the soil, as a percentage of root crops Bix is observed in standard cutter, whose values are
in the range of Bir=5...53%. Accordingly, the minimum values of number of knocked out root
crops from the soil Bsr = 4...34% is inherent for cutter, in which knife is made spring-loaded
and copier rigidly is fixed on the shock absorber which is designed as an elastic plate.
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Figure 8. Two-dimensional section of the response surface as a function of 17, = 7, (V,,.h.)

The significant decrease in the number of root crops knocked out from the soil Bsr
relatively Bir is reached by replacing rigid processes of cutting haulm on the process of
cutting by method of sliding the blade cutting edge of spring-loaded knife and partial
compensation of the horizontal component of knocked out root crops through shock
absorber.

The height of placement of heads root crops in relation to soil level is the dominant
factor, which influence on parameter optimization indicators or the number of knocked out
roots hr from the soil (Fig. 5, Fig. 6).

Within the limits of increasing this factors from 3 to 9 cm the number of root crops
knocked out from the soil by working bodies of all types cutter are increasing: Bir — on average
in 6 times.

Based on the analysis of the constructed response surfaces and their two-dimensional
sections (Fig. 7, Fig. 8), it was established that the nature of the change in the number of

damaged root crops 17,,, I1,, , I, for the three types of construction design of the trimmer is

similar — with an increase in the speed of movement of the picker module Vu and the height of
the location hy of root crops relative to the soil surface level, 77, values increase.

At the same time, the largest number of damaged root crops 17, k, as a percentage of

the number of root crops, is observed in the serial pruner, the values of which are in the range
of 17, =5...32%.

Accordingly, the minimum values of the number of damaged root crops /7,, =0...19%
were obtained for the pruner, in which the knife is spring-loaded, and the copier is rigidly
installed on the shock absorber, which is made in the form of an elastic gasket.

Assignificant reduction in the number of damaged root crops I7,, relative to 77, is achieved
by replacing the rigid process of “cutting down" the stalks of the gorse with a cutting process by
sliding the blade of the cutting edge of the spring-loaded trimmer knife and partially compensating
the horizontal component of the contact force of the root crops with a shock absorber.

The dominant factor that affects the indicator of the optimization parameter or the
number of damaged root crops is the height of the root crop heads relative to the soil level hr
(Fig. 7, Fig. 8).

Within the limits of the increase in the height of the roots above the soil surface from 3
to 9 cm, the number of damaged roots by the working bodies of all three types of execution of
the cutting knife and the copier of the cutter of the picker module increases /7, on average by

6...8 times.
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Conclusions. Thus, improved design of haulm remnants re-cutter of root crops of
fodder beet consists of re-cutter, which is designed as a passive copier and is mounted on
shock absorbers and of spring-loaded knife. Using this design is allowed to intensify the
process of removing haulm remnants, while the number of root crops knocked out from the
soil is reduced by about 1.5 ... 2.0 times.
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The results of the study of the cutter of the remains of root crops haulm

YK 631.361.2

PE3YJbTATHU JOCJ/IIIKEHHSA 3PI3YBAHHA 3A/IMIIKIB 'MYKHU
KOPEHEILJIOAIB

Bosaoaumup Boiiko!; Biktop Bapanoscbknii’; Bitaniii Ilanbkis?;
BoJsiogumup OHNIIEHKO0?; Cepriii Mappmemco1

Teprnoninvcoxuii nayionanvnuii mexuiunuii ynieepcumem imeni leana ITynios,
Tepuonins, Ykpaina
2Hayionanvuuii ynieepcumem 6iopecypcie i npupodoxkopucmyeanis Yxpainu,
Kuis, Ykpaina

Pe3tome. Y sceceimuitl npakmuyi 2uuKy KOpmMosux 6ypaKie 30uparoms MAWUHAMU PO30LIbHO20 30UpanHs,
BUKOPUCMOBYIOUY NPUHYUN 3DI3Y8aHHS 2uuKu HA KopeHi. Hauibinbw posnosciodicenuti cnocib — po3oineHuil, nio
4ac AKO20 GUKOPUCMOBYIOMbCSA YHIBEPCAbHI MAWMUHY O 30UPAHHS 2UHKU AK KOPMOBUX, MAK I YYKPOBUX OYDAKIE.
3acanvui enacmusocmi cuuku ma KopeHennioois, pO3MiWeHHs iX 201060K GIOHOCHO NOGEPXHI SPYHMY MO0
SHAYHOIO MIPOIO BNAUGAIOMb HA NpOYec GIOOKPEeMICHHs 3amuukie. Bpaxosyiouu cneyugiuni mexawnixo-
MEXHON02IUHT GIACMUBOCHIT 36 SI3KY 2UYKU 3 KOPEHENI00aMU, MONCHA 3POOUMU 6UCHOBOK, WO MEXHONO2IYHUL
npoyec 30Upanms euuku OOYLIbHO 30ICHIOBAMU KOMOIHOBAHUM (080CMAOIUHUM) CROCOOOM, AKUU MICMUmMo
3pi3y6AHHA OCHOBHO20 MACU8Y 2UYKU 3 HACMYNHUM BUOANEHHAM 3ATUWIKIE 2UUKU HA 20108KAX KOPeHenuooie
OOPIZHUKAMU MUNY «NACUSHUU KORIP-NACUBHUN HICY. Memotw 00cniodceHb € nio8uweHHs (QYHKYIOHATbHUX
NOKA3HUKIG pOOOMU 2UYKO3OUPATLHUX MAWUH WLISIXOM pPO3DPOOJEeHHs. YOOCKOHANEHUX POOOYUX OpeaHié O
3pizysanna euuku. Hasedeno onuc mexunonoziunozo npoyecy pobomu yOOCKOHANEHO020 OOPIHUKA 3ATUUKIE 2UUKU
3 20710860K KOpeHennoodig i pe3yibmamu NOPIGHANbHUX eKCHePUMEHMATbHUX O0CAI0NHCeHb MPbOX KOHCMPYKYill
o6pisnuxie. Ilpu yvomy Haulbinbwia KintbKicme SUOUMUX KOPeHennodi8 3 IPYHmMY 6i0 KilbKOCHI KopeHenniolie
cnocmepizaemvbca y cepitino2o 00pI3HUKA, 3HAYEHHA AKO020 3Haxoo0samucsa y dianasowi 5...53%. Bionosiono,
MIHIMANbLHI 3HAYEHHS. KITbKOCMI 8ubumux Kopenennodie 4...34% eionogioaroms yOOCKOHANEHOMY OOPISHUKY, 6
K020 HIdHC BUKOHAHUI NIONPYIHCUHEHUM, d KORIP JHCOPCMKO 86CMAHOBNIEHO HA AMOPMU3AMOPI.

Knrouoei cnosa: xopmosi Oypaxu, 3aruwuky euuku, MEXHONOLIUHUU npoyec, O0OPIZHUK 201080K
KOpPeHennioodie, KORip, NIONPYX’CUHEHUl HIdC, 6a2amo@axmopHull eKCnepumeHnm, eMnipudHa Mooeiv, subumi
KOpEeHenIoou.
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