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JUSTIFICATION FOR THE CHOICE OF
A ROOT CROP HARVESTING
WORKING BODY

The efficiency of using modern chicory harvesting
machines often remains unsatisfactory, particularly under difficult
soil conditions. The primary factors limiting digging quality are
increased root crop damage, their incomplete extraction from the
ground, and a high content of impurities in the harvested mass.
These indicators significantly depend on both the physical
properties of the soil and the geometric parameters of the root crop
itself, as well as the design features of the diggers.

To solve this urgent scientific and technical problem, it is
necessary to develop analytical-empirical approaches to justify the
design-kinematic parameters and operating modes of an improved
combined digger. When designing such equipment, real operating
conditions should be taken into account, including soil-climatic
harvesting conditions and specific agrophysical characteristics of
chicory.

Chicory is a valuable raw material for the food and
pharmaceutical industries. Its tops can be used as an organic
fertilizer that enriches the soil with nutrients, while the root crops
themselves serve as an environmentally safe source of renewable
energy for bioethanol production.

In terms of morpho-physiological characteristics, chicory is
close to fodder carrots, while its cultivation technology and the
appearance of its above-ground part have much in common with
sugar beets. The quality of the harvesting technological process is
determined primarily by the agrotechnical requirements for the
crop, the design of the machines, and the layout of their working
bodies. The foundation for designing new harvesting equipment
must be the systematization of data on the variability of the
agrophysical characteristics of chicory (both root crops and tops),
as these fluctuations directly affect the design of the working units.

Despite the steady demand for chicory and its processed
products, the sown areas for this crop are declining. The main
reason for this trend is the insufficient level of mechanization in
cultivation and harvesting. It is also important to consider that the
accumulation of top mass and dry matter in the roots continues
throughout the entire growing season; however, the intensity of this
process (in particular, the formation of the rosette) is not constant.
It depends on a number of factors: varietal characteristics, weather
conditions, planting density, plant nutrition area, and the chosen
cultivation technology.

Key words: root crops, tops, digger, spherical disk,
loosener, soil layer, classification, sugar beets, carrots, harvesting,
root crop cleaning, cleaning blade, root crop head cleaner.

Statement of the problem. An important
limiting factor in the harvesting of chicory roots,
compared to sugar beet roots, is their fragility and
the total length of the roots, which is 5...10 cm
longer. The working bodies of existing root
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harvesting machines, which are designed for
harvesting sugar beet with the appropriate digging
depth of roots (digging depth), do not sufficiently
meet the quality of harvesting chicory roots [1-4].
The aim of this work is to increase the
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efficiency of the chicory root harvesting process by
improving the design and justifying the parameters
of the working bodies of a combined harvesting
machine.

Materials and methods. The processes of
increasing the biomass of chicory root crops differ
significantly from the dynamics of development of
other crops (in particular, carrots or various types of
beets). These differences are due to specific
agrobiological features that change throughout the
entire cycle of growth and formation of plants [4].
The dynamics of development of chicory root is
influenced by a complex of factors: varietal
composition, selected agricultural technology, soll
type, climatic conditions of the region, etc.

The specificity of chicory development
consists in intensive growth of stem mass in the
initial period of vegetation and the formation of a
powerful, branched root system that penetrates to a
considerable depth. The final yield of chicory
depends on many components: soil fertility, the
quality of predecessors, the effectiveness of the
fertilizer system, compliance with the timing of field
work, as well as the density and uniformity of
sowing [5-7]. It has been scientifically proven that to
maximize the yield of root crops and tops, it is
critically important to ensure optimal plant
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placement in the field.

The distribution of biomass by vegetation
period is uneven: during the first two months, the
plant directs the main resources (over 50%) to the
development of the tops, while in the third and
fourth months there is an intensive accumulation of
dry matter directly in the body of the root crop [8].

The morphological parameters of chicory
have the following indicators: the length of the tops
is 25—40 cm, and the number of stems in a bundle
on the head of the root crop is from 20 to 35 pieces
[8]. The dimensions of the root crop itself can vary
widely: the mass is from 150 to 450 g, the length is
up to 40 cm, and the diameter is from 3to 12 cm [9,
10]. The typical shape of the chicory root is
cylindrical or hemispherical in the upper part, which
gradually narrows towards the tail, acquiring a
conical appearance. The taper angle of such roots
is 20-35° [11].

It is worth noting that the proportion of the
head mass in chicory is smaller than in sugar or
fodder beets. According to research [12-14], the
head occupies approximately 7.4%, the tail part -
7%, and the main part (body) of the root - about
85% of the total weight. Agrobiological parameters
of chicory with a row spacing of 45 cm are
systematized in Table. 1 [15].

Table 1 - Agrobiological characteristics of chicory root crops (row spacing 45 sm)

Distance between root crops, Sy, sm

Average indicators

5...10 10...20 20...30 30...40 40...50
Root mass mk, g 300 363 408 449 503
Root diameter Dk, mm 54,0 60,1 62,6 64,3 85,0
Root length LKk, mm 221 235 245 254 266
Root yield Uk, c/ha 130 250 230 210 190
Average specific load on root rupture Pp, kg/sm? 55...8,4

The distribution of root crops by their
diameter and technical length and the lateral
deviation of root crops from the row line obeys the
law of the Laplace-Gauss normal distribution [11].

The distance between plants in rows and
their placement on the area also significantly affect
the agrophysical parameters of chicory roots and,
accordingly, its yield. Uneven placement of plants
in rows leads to an increase in substandard chicory
roots (with a diameter of less than 3 cm or a mass
of less than 100 g), the number of which at different
plant densities varies from 5.3 to 12.7%. With an
increase in plant density, the number of chicory
roots weighing from 100 to 200 g increases
significantly [16].

The dispersion of lateral deviations of root
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heads relative to the conditional axis of the row
varies from 0 to 40 mm. Up to 92.8% of root heads
are located directly within the axis of the row (0...20
mm).

The degree of lateral scattering of root
heads is related to the distance between chicory
plants in a row at the time of harvesting: with a
decrease in the interval between plants by 9 times
(from 45 to 5 cm), the zone of lateral scattering of
root heads relative to the conditional axial line of the
row increases by 3.4 times - from 12.8 to 43.4 mm.

The main mechanical properties of the root
tops of chicory are given in Table 2[17].
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Table 2 Mechanical properties of chicory root tops

Condition of the tops
Indicator At At In the thawed state
(+t°C) (-t°C) at (+t°C)

Tension (by force), N 1 1,39 1,01
Bending (by force), N 1 15 0

Compression and shear (by force), N 1 0,96 0,65
Deflection (by deflection) 1 0,5 oo

Hardness (by penetration depth) 1 0,35 0,74

The mass of the chicory root, covering its
upper and middle zones, is approximately 85% of the
total. The chemical composition of the plant is
distributed heterogeneously: the concentration of
monosaccharides increases in the direction from the
head to the tail, varying from 5.79 to 9.12%. At the
same time, the minimum proportion of inulin is
recorded precisely in the head, while in the remaining
parts of the root this indicator stabilizes at the level of
49.6-50.7% of dry matter. Studies have confirmed the
correlation between the size of the root and the
concentration of inulin: larger specimens accumulate
it in higher quantities [13-16].

The works of the authors [10-16] indicate a
direct relationship between the geometric parameters
of the root and the effort required to extract it from the
soil. In particular, the elongation of the root crop by 1
cm requires an increase in the pulling force by an
average of 1.5 kg/sm, while the critical threshold of the
tensile strength of the root crop tissues is from 5.5 to
8.4 kg/sm2.

An important factor determining the efficiency
of the harvesting units is the spatial arrangement of
plants in the row. Significant deviations from the
uniformity of sowing lead to an increase in the
proportion of substandard products [16]. Many years
of experience in harvesting row crops (such as beets)
show that it is impossible to completely avoid crop
losses with existing harvesting methods. This is due
to both the design limitations of the equipment and the
variability of soil and climatic conditions (changes in
humidity, mechanical composition and soil hardness),
as well as difficulties in complying with agrotechnical
requirements for separating the tops and digging up
root crops without mechanical injuries. For chicory,
the problem is complicated by the lack of specialized
high-tech harvesting complexes both in Ukraine and
abroad, as well as the low level of mechanization of
the technological cycle of growing this crop [16].

In-depth study of the agrobiological
properties and physical and mechanical qualities of
chicory is a fundamental basis for further design of
effective working bodies of digging machines [16]. The
current single-phase harvesting technology does not
meet the current quality criteria: the level of
contamination with impurities and residues of the tip
reaches 8-15%, the loss of the main mass with
trimmings is 7-9%, and mechanical damage in the
form of chips reaches 15%. Such indicators
significantly reduce the profitability of raw material
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processing, which makes the task of improving root
harvesting equipment extremely relevant [16].

Results and discussion. The evolution of
technical means intended for harvesting chicory roots
is closely related to the main aspects of the
development of technologies and methods of their
harvesting, as well as to the improvement of
technological operations for harvesting roots:
harvesting the main mass of the tops and trimming its
remains on the heads of chicory roots; digging,
forming a roll of dug roots; cleaning the dug pile of
roots from impurity components; loading the cleaned
roots into a vehicle or a hopper of a root harvesting
machine [16].

The BM-6 machine is used for harvesting
tops, which is an original trailed design that copies the
device with an active disk knife. The root harvester
was based on an American beet harvester with two
passive disk diggers, improved by Ukrainian
designers into a self-propelled root harvester of the
KS-6 type, which was produced in several
modifications.

According to the results of [15] research,
empirical relationships were obtained that allow
predicting the future yield of chicory roots based on
their actual agrobiological parameters and the
distance between plants in a row for the harvesting
period:

Pk = 281,65+4,93 Sp;

D« = 48,41+0,78 Sp; (1)

2)
k=002 S;0%15 C=222284S% Uk=45167 S, (3)

Lk = 216,95+1,09 Sp; Sn =45,0 Sp;

where Sp is the distance between root
crops in a row, mm.

With increasing interval between plants, the
height of the heads of root crops above the soil
surface increases, with the maximum height of the
heads protruding above the soil surface reaching
Xmax = 50 mm, and the height hy of the distribution
of root crops above the soil surface is approximated
by the equation [15]

he = 5,59 + 0,766 Sp. 4

The lateral deviation Sy of the placement of
root crops within the center line of the row is
described by a logarithmic curve, and the
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distribution pattern obeys the normal law. [15]:

Sp = 65,483 — 1g(Sp). (5)

In [16], optimization mathematical models
were obtained that characterize the change in the
total supply of root crop heaps M, serving root
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croopsM,, total supply of soil impurities M,, and
plant impurities M, from the disk parameters,
dimensional characteristics of root crops and
operating conditions of the root harvesting
machine, while the total supply of heap from one
row varies within 10...13 kg/s:

0125p, K,  sina o .
ph L [S—sh(h ko1~ J2 kpz_"'_Jndpn)]+
+ 0K, (Vi + TVig + ot JVin )+ | ©
+2K, sina,/a(Db—a){Ue(/IH;y}i}
M, =0V, K, sinalS, =iV, + iVio + -t iV )| )
i i
M,=2V K, , sina./a(D, —a) Ue(y+77]+ﬂ, : (8)

where V u — translational speed of the root
harvester, m/s; & - angle of installation of the
spherical disk relative to the axis of the root crop row,

6.p2" KG-Pz

that takes into account the degree of removal of soil and
plant impurities per 1s; pep — specific gravity of soil,

degrees; K — respectively, a coefficient

kgm3, V, .,V Y/ — volume of the
9 kpl'Vk 2 kon

underground part of one i-th root crop of the
corresponding dimensional and mass characteristics,
m3; jl,jz ,...,jn — number of ith root crops of
corresponding dimensional and mass characteristics

per 1 linear meter of row, pcs.; h - depth of spherical
disk (m); R, - radius of sphere, m; R, - radius of
spherical disk, m; @ — depth of travel of spherical disk,
m; U, —vield of tops, kg/m?.

The degree of cleaning of the root crop head
decreases when the free ends of the blade are placed
above or below the surface of the connection of the tip
with the head during impact. Also in [16], analytical
dependences were derived to determine the force of
interaction of the working body of the cleaner with the
root crop head and the critical scraping force was
determined.

Py, =6-A4Lo,, + E, - h3,/2h(1 + pf cos ) + fPy,

where & — plate thickness; AL — plate
length; opr — destructive contact stress for the tops;
E: — elastic modulus of the tops; h — thickness of the
tops layer by which the plate is deepened; hy — the
amount of deepening of the plate into the tip, when
stress opr; Psp — spring pressure force on the plate;

f — friction coefficient;  — Poisson’s ratio for the tip.

The general fundamental shortcomings of
the operation of existihg and technically
implemented types of diggers (ploughshare, fork,
double-disk, vibratory), which are mainly equipped
with  mounted, trailed and self-propelled root
harvesting machines, are as follows: a relatively
significant second-by-second supply of loose and
stuck soil on the surface of the root crop body
(7...10 kg/s), topsoil residues on the heads of root
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C)
crops (from 0.5 to 1.5 kg/s) from one linear meter of
row at an operating machine speed of 1.6 m/s, with
up to 70% of the total amount being the mass of
loose and stuck soil, up to 10% - topsoil residues
on the heads of root crops, which led to an increase
in the length and structural complexity of the
cleaning systems [16]. In addition, the analysis of
the design and technological processes of the
machines showed that the objective reason for the
technological imperfection of existing diggers is that
they are structurally and technologically impossible
to simultaneously combine two technological
operations into one during harvesting - digging and
cleaning of root crops with the simultaneous
removal of the remains of the tip on their heads. To
increase the technological efficiency of the chicory
root crop harvesting process, we have proposed a
technical means for digging up root crops (Fig. 1),
which will increase the completeness of digging up
root crops and reduce their damage by intensifying
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the process of destruction of the pericarp and the
occurrence of additional dynamic effects that
provide an increase in the force of pushing the root
crops out of the soil.

Fig. 1 Structural diagram of a combined
digger: 1 — root crop; 2 — spherical disk; 3 —
ripper; 4 — disk rotation axis; 5 - ripper
mounting bracket; 6 — ripper rotation axis; 7 —
spring; 8 —thrust plate; 9 — frame.

During the movement of the combined digger
along the rows of chicory roots, the loosener 3 and the
spherical disk 2 destroy the pericarp soil environment
and the connections of the root crop in it due to the
rotation of the spherical disk with angular velocity

@, =dg, | dt andthe movement of the loosener (i.e.,

the disk) with translational velocity. In this case, such a
phenomenon (process) occurs as the movement of the
excavated soil layer along the spherical surface of the
disk and, accordingly, its further movement to the
following working bodies of the root harvesting machine.
Conclusion. Using the new combined digging
mechanism, it becomes possible to intensify the chicory
harvesting process (by increasing the speed of the unit)
while meeting all the requirements for the quality of
digging. As a result, the overall technological efficiency
of the process increases: the degree of purification of raw
materials from impurities improves, and crop losses
associated with mechanical injury and breaking off of the
underground tail part of the roots are minimized.
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OBIPYHTYBAHHA BUBOPY POBOY0I'O
OPrAHY AnA 3B6MPAHHA KOPEHEMIOAIB

OcHosHuMu Kpumepismu, AKi
Xapakmepusyrome  He3ado8irbHy — eheKmueHICMb
gUKOpUCMaHHSI  ICHYyrOYUX munie  Korladig  Onisi
BUKOIMyB8aHHSI KPUXKUX KOpeHeri00ie murly UUKOpIto,
0cobrnueo y BaxKux ymogax pobomu, € 3Ha4yHa
CMyriHb 3areXXHOCMI SIKOCMI MO8HOMU BUKOIMy8aHHSs1
KopeHernnodie | IX MOWKOOXeHHs, 3abpyOHeHocmi
8UKOIMaHO20 80pPOXYy doMilukamu 6i0 gbi3U4HO20 cmaHy
2pyHmy, napamempie KopeHennodie i
KOHCMPYKMUBHO20 BUKOHaHHS poboyux opeaHie
Konayie.

BupiweHnHsi  saxnugoi
3adayi rnornseae 'y  po3pobrieHi  aHanimu4Ho-
eMripuyHUX memodie obepyHmyeaHHs
MEeXHO02IYHUX, KOHCMPYKMUBHO-KiHeMamuy4HuX
rnapamempig i pexumie pobomu pobo4dux opaaHie
yOOCKOHaIeHo20 KOMO6IiHOB8aH020 Konaya
KopeHe3bupanbHUX MauluH i3 8paxye8aHHsIM peasibHUX
yMo8  ekKcrilyamauii, = 30Kkpema  aspogi3udHUX
Xapakmepucmuk KopeHeriodig YUKOpIto i epyHMoego-
KrliMamuyHUX yMoe 36UpaHHs.

KopeHennodu UuKopito € UJHHOK Xap4080H
ma JfikapcbKol Kyrnbmyporo. [udka KopeHernodig
UUKOpIt0 € 0OHUM i3 OXKepersl MOBEPHEHHST MOXUBHUX
peqosuH nicrnis i poskuGaHHSI Ha 3ibpaHe rnose ma
3apobKu 8 epyHM, a KOPEHEnIoou — Ue €KOS0_iYHo

HayKO80-MEXHIYHOI
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qucmi MpodyKmueHi 8i0HO8/T08arbHI OXeperna eHepeail
0ns supobHuymea bioemarory [2].

KopeHennodu yukopito 3a MEexXHOIoa2ier
8UPOLLYy8aHHSI ma 308HILWHIMU O3HaKaMu CXOXi Ha
KopeHennodu uykposux bypsikie, a 3a ¢hizionoaidHumu
U MOpghorioaiyHUMU 8/1acmueocmsamMu — Ha Kopmosy
MOpK8y.

TexHoroaiqHut
KopeHeriiodie

rpoyec 36upaHHs
UUKOpItO ~ peanameHmMyemscsi 8
OCHOBHOMY  a2pPOMeXHIYHUMU  e/1acmueocmsamu
8pOXaro,  KOHCMPYKUjeto  poboyux  opeaaHie i
KOMITOHY8a/IlbHUX CXeM KopeHe3bupasrbHUX MaluH i
npucmpoig. lepwuli eman po3pobku mexHiku Ors
3bupaHHsi  KopeHernnodie UUKOpPIO  rO8UHEH
b6asysamucsi Ha cucmemamusauii azpogi3uyHUX
Xapakmepucmukax KopeHernodie i 2udKu UUKOPIto
KOpeHe8020, 8apito8aHHsl | MIHIUBICMb SKUX Mae
cymmesul 8rnu8 Ha KOHCMPYKMUSHI ocobriueocmi
poboyUX opaaHis.

He3ssaxarouu Ha 3pocmaHHs nonumy Ha
uuKkopiti i npodykmu io2o nepepobKu, rMocieHi riowli
Mid HUM HeyXUslbHO CKOPOYYIOMbCS 4Yepe3 HU3bKY
MexaHi3aujto MmexHoOsI02iHHO20 NPOoUECy 8UPOULY8aHHS
i 0cobriueo 3bupaHHs ypoxxaro.

Hakonu4yeHHs1 Macu 2u4ku ma cyxoi pe4o8uHU
8 KopeHeriodax UuKopito 8idbysaembCsi npomsi2om
ycb020 riepiody eezemavuii, ane xapakmep i
IHMEeHCUBHICMb HaKOMUYeHHs, ocobnueo cmebrogoi
Macu ma QhopMU PO3emKU 2UYKU, 3 novamky i 00 KiHUs
gezemavuii 6e3rnepepsHoO 3MIHKEMbCS 3aNeXHO 8i0
306HIWHB0O20 61Uy  MO200HUX  YMO8,  MIoWj
JKUBMIEHHS ma eaycmomu HacaOXeHHS  POC/IUH,
copmosux ocobrniueocmeli i enemeHmie mexHoroail
8UPOWY8aHHSI Kyribmypu

Knroyoei cnoea: KopeHernodu, audka,
Konau, cebepuyHULll OUCK, pO3puXIIo8adY, wap epyHmy,
Kriacugbikauisi, uykpoei Oypsiku, Mopkea, 36upaHHS,
OYUWEeHHsT KopeHeriodig, O4UCHa f10ramb, OYUCHUK
20J1080K KopeHerinodia.
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