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Summary. Chicory roots are a valuable technical and strategically important crop for the leading sectors
of the Ukrainian economy. The processing of raw materials from chicory roots allows to obtain energy (biofuel),
food (coffee) and pharmaceutical (inulin) products. The low level of mechanization of harvesting chicory root
crops (significant losses, damage) does not allow to meet the needs of raw materials for its processing. The purpose
of the study is to increase the quality indicators of the cutting of burdock from the heads of root crops by
substantiating the rational parameters of the working organs of the improved trimmer. According to the results of
field experimental studies, regression equations were obtained that describe the functional change in the number
of chicory root crops that have fallen from the ground and the number of damaged root crops depending on the
speed of the copier, the stiffness coefficient of the spring of the vertical thrust of the copier and the angle of
installation of the copier relative to the horizon. The following values of the rational parameters of the trimmer
were obtained: speed of movement of the trimmer 1.6...1.8 m/s; the weight of the moving parts of the cutter is
6...7 kg; the angle of installation of the copier relative to the horizontal plane is 30...35 degrees, the stiffhess
coefficient of the spring of the copier’s vertical thrust cup is up to 45 N/m.

Key words: chicory root crops, chickpea residues, process, fallen root crops, damage, model, factors,
regression equation, parameters.
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Statement of the problem. Root chicory is a technical crop from the raw materials of
which valuable pharmaceutical (inulin, various types of acids), food (coffee, vitamins) and
bioenergy (bioethanol, biodiesel) products of its processing are produced [1]. The cut haulm,
which is scattered and worked into the soil after rotting, is an element of organic fertilizers that
contribute to increasing the yield of crops and the processes of restoring soil fertility [2, 3]. The
use of existing technical means for the mechanized harvesting of chicory root crops, including
those that cut the haulm of chicory from their heads, leads to significant losses (falling out and
damage) of root crops or losses of raw materials. This reduces the profitability of the production
of chicory roots and their processing products in general [4].

The basis for reducing the number of chicory root crops that have fallen from the ground
and reducing their damage is a scientific hypothesis, which involves the development of
improved designs for the cutters of the haulm of the chicory, which are a component of the
modules for collecting the chicory of modern root-harvesting machines [5, 6].

The need for developed and improved technical means for cutting the haulm of gorse
from the heads of root crops arose in the process of introducing a two-stage method of cutting
haulm in the late 50s of the last century [7].

This method involved cutting the main massif of the gorse with the subsequent trimming
of the haulm of the haulm from the heads of root crops. According to the principle or method
of cutting the remains of the pulp from the heads of root crops, the main four types of trimmers,
which are built according to the design of the working bodies, were developed or introduced
into production: «active copier-active knife»; «active copier-passive knife»; «passive copier-
active knife»; «passive copier-passive knife» [8, 9].
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Experimental studies of pruning the haulm of chicory root tops

From the point of view of a rational approach, it is necessary to conduct an analysis of
those constructions of the cutters of the haulm of the gorse, which are used on modern root-
harvesting machines.

These are cutters that are made according to the fourth «passive copier-passive knifex»
scheme and which implement the second stage of common harvesting technologies, both of the
main mass of gorse and trimming the remains of gorse from the heads of root crops [10]. These
modern technologies are implemented by six-row self-propelled bunker harvesters of the
world's leading companies, which are built according to the block-modular system of the
location of working bodies [11].

The aim of the work is to increase the quality indicators of trimming the remains of the
haulm from the heads of chicory root crops by improving the design and substantiating the
rational parameters of the trimmer.

Materials and methods. To implement the experiments, a structural diagram of the
experimental research model was developed based on the basic principles of the «black box»
concept, Fig. 1. The structure and principle of operation of the improved cutter are given in the
work [12].
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Figure 1. Structural diagram of the model of experimental studies of the trimmer:
NRF, NCF — unregulated and uncontrollable input factors

The relationship between the input variable factors, which include the structural and
kinematic parameters of the cutter and the parameters of chicory root crops, and the output
parameters (optimization parameters) is a functional empirical dependence F' = f(x;), where i = 1,
2,..., n- input factors.

Experimental studies on the determination of the number of root crops fallen from the
soil and the number of damaged chicory root crops were carried out in field conditions using
an improved trimmer for the remains of chicory from the heads of chicory root crops on crops
of chicory root crops of the Umanskyi 99 variety.

The nature of the functional dependence, which described the change in the number K,
of root crops fallen from the soil and the number K of damaged chicory roots in the process

of their contact interaction with a passive copier and a spring-loaded flat knife, depending on
the variable factors: the speed of movement & of the copier (or the adequate speed of

movement of the shearing machine), the coefficient stiffness C, of the spring of the moving
thrust of the glass and the angle of inclination & of the copier to the horizon [12].
That is, the nature of the change in the empirical function K, = f(4;c,;&) and

K, = f(%;c,;a) was determined. To obtain an experimental data set of the empirical function,
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a three-factor experiment was implemented at three levels of variation by the factors, or a
planned experiment of the PFE 3% type. The characteristics of the input factors of the three-
factor experiment of the PFE 33 type are given in table. 1.

For the implementation of field experimental studies on the determination of the number
of root crops that have fallen from the soil and damage to root crops of chicory, the following
were used: a three-row gusset cutting machine (Fig. 2) for cutting the main mass of gusset [13];
the improved design of the trimmer for the remains of the chicory root heads, Fig. 3.

Table 1

Characteristics of input factors

Name of the factor Marking Variation Levels of variation,
Natural | Encoded | interval natural/encoded
Speed of the copier 4., m/s X, X, 0,3 1,5/-1 | 1,8/0 | 2,1/+1
Coefficient of stiffness of the % X / / /
glass spring c, , N/m " ' 15 35/-1 | 50/0 | 65/+1
The_ angle of |ncl_|nat|on of the Xe X, 10 20/-1 | 30/0 | 40/+1
copier to the horizon o, degr.

Figure 2. Scheme (a) and general view of the die-cutting machine (b): 1 — main frame;
2 — adjusting wheel; 3 — rotary cutter; 4 — dividing disk; 5 — flat L-shaped knife; 6 — casing

Figure 3. Structural diagram (a) and general view (b) of the improved trimmer: 1 — frame of the trimmer;
2 — parallelogram mechanism; 3 — traction is adjustable; 4 — vertical thrust; 5 — glass;
6 — copier; 7 — shock absorber; 8 — a knife
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Experimental studies of pruning the haulm of chicory root tops

At the first stage, the main array of sedges was cut from the heads of chicory root crops
with a three-row sedge cutting machine (Fig. 2) according to the principle of cutting without
cutting on tall roots.

The total weight of the moving parts of the cutter was 8 kg.

The length of the course of the scoring section of one repetition was equal to 25 m.

Fallen and damaged root crops were culled from the 3 rows formed.

At the second stage, the improved cutter was brought into working position, and the
drive of the rotary brush cutter was turned off by disconnecting the power take-off shaft of the
tractor.

The number of fallen root crops from the soil K, , the number of damaged root crops

)

K was determined in % relative to the total mass of cut root crops M,

of one repetition

according to the formulas:

(1) (1)
mdr . _ mfr
100; K, =—1-100, (1)

r r

Kdr =

where K, , K, Is respectively, the number of root crops fallen from the soil and the number

of damaged chicory root crops, %; m((,lr), mﬁ) — mass of root crops of the corresponding quality

indicator, kg; M fl) — total weight of cut root crops of one repetition, kg.

The mass of root crops, the corresponding quality indicator and the total mass of cut
root crops of one repetition were determined by weighing on scales, the accuracy of weighing
is+ 1.0 kg.

The obtained experimental array of data on the number of fallen root crops from the
soil and the number of damaged chicory root crops was processed according to the standard
method [14, 15].

Results and discussion. Experimental studies of the improved cutter of the remnants of
gorse were carried out with the aim of establishing a functional empirical model that describes

the behavior of changes in the number of K, root crops fallen from the soil and the number
K, of damaged chicory roots in the process of their contact interaction with the passive copier
(Fig. 3) depending on variable factors (table 1): the speed of movement 9. of the copier, the

stiffness coefficient ¢, of the spring of the cup of the vertical movable thrust and the angle «

of the inclination of the working surface of the copier to the horizon.

The sequence of conducting the first and subsequent experiments was established
according to the randomized plan-matrix of the planned factorial experiment of the PFE 32 type.

Mathematical calculations of statistical indicators of the experimental data set of the
number of chicory root crops fallen from the soil and the number of damaged root crops, or
the processing of the experimental data set was carried out according to standard methods.

At the same time, it was established: calculated coefficients of the regression equation
(empirical model) in natural values, which are given in the table 2; the mathematical form of
the functional dependence of K, = f(4.;¢c,;) and K, = f(%.;c,;a), which is written in the

form of a polynomial of the second degree according to the largest value of the coefficient of
multiple determination, respectively, D =0.973 and D = 0.956.

The statistical significance of the coefficients of the regression equation of the relevant
input factors was checked by the Student's t-test, while all the coefficients of the regression
equation are significant.
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The adequacy of the empirical mathematical model, which is written in the form of a
polynomial of the second degree, was confirmed by Fisher's F-criterion, while the coefficient
of multiple determination, respectively, D = 0.973 and D = 0.956 is significant with probability
P =0.94989 and P = 89341 at the level of significance p = 0.95.

Table 2

Natural values of the bl. coefficients of the regression equation

of the number of K, and K, quality indicators

Marking Natural values of the coefficients of the regression equation
by by b, b, by,
K, = [(3:c.a) 6,44 -0,75 -0,35 -0,54 0,61
b13 b23 bll b22 b33
-0,02 -0,02 0,32 -0,001 0,01
by by b, b, by,
K, = f(3:c..q) 40,59 0,35 -1,04 -1,04 1,63
b13 b23 bll b22 b33
-0,97 -0,05 -5,51 -0,004 0,07

Thus, the regression equation that describes the functional nature of the change in the
number of chicory root crops that have fallen from the soil and the number of damaged root
crops in the implementation of experiments of the PFE 33 type is written in the form:

K, =6,44-0,758 —0,35¢, 0,54 +0,619.c, —

: 2
~0,029.c.—0,02¢,cx +0,32.9 —0,001c? + 0, 01cr’ @

K, =40,59+0,359, —1,04c, —1,04c/+1,63% ¢, -

: 3
~0,979.c—0,05¢, 5,519 —0,004c? + 0,070 ®)

According to the data of the experimental array and regression equations (2) and (3), a
graphical interpretation was constructed in the form of a response surface and a two-
dimensional section of the response surface (Fig. 4, Fig. 5, Fig. 6, Fig. 7), which describe the

functional change of the optimization parameter, or the number K, of fallen root crops from
of soil and the number K, of damaged chicory root crops from the range of changes in input
factors:

- the speed of the copier in the range of 1.5<3 <2.1 m/s;

- the coefficient of stiffness of the spring of the vertical copier thrust cup within 35
<cC, <65 N/cm;

- the angle of installation of the copier relative to the horizon within 20<a <40

degrees.
Based on the analysis of graphical dependencies (Fig. 4, Fig. 5, Fig. 6, Fig. 7), it can be
stated that:
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Experimental studies of pruning the haulm of chicory root tops

- the number of fallen chicory root crops as a function of K, = f(%;c,) varies in the
range from 1.5 to 5.0%, while the dominant factor that most affects the optimization parameter
K, is the stiffness coefficient of the spring c, of the vertical thrust cup of the copier, Fig. 4;

- the number of fallen chicory root crops as a function of K, = f(%;«) varies in the

range from 2.5 to 5.5%, while the dominant factor that most affects the optimization parameter
K, is both factors &, and «, Fig. 5;
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Figure 4. Response surface and two-dimensional section of the functional change surface
K, = f(8;c,) of the number of fallen chicory roots
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Figure 5. Response surface and two-dimensional section of the functional change surface
K, = f(4;a) of the number of fallen chicory roots
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Figure 7. Response surface and two-dimensional section of the functional change surface
K, = f(9;c,) of the number of damaged roots

- the number of damaged chicory root crops as a function of K, = f(%.;c,) varies in

the range from 11 to 23%, while the dominant factor that most affects the optimization parameter
K, is the stiffness coefficient ¢, of the cup of the vertical thrust of the copier, Fig. 6;

- the number of damaged chicory roots as a function of K, = f(4.;«) varies in the
range from 14 to 21%, while the dominant factor that most affects the parameter K, is both
factors 9. and «, Fig. 7.

The functional change of the initial parameters of the optimization, or the number K,
of root crops fallen from the soil and the number K, of damaged root crops due to an increase
in the stiffness coefficient ¢, of the spring of the vertical thrust cup within the range of the
change of the input factor 35 < ¢, < 65 N/m has a parabolic character, while:

- the minimum value of the optimum of the function K, =f(%;c,) and
K, =71(%;¢c), which is equal to, respectively, K, =f(%;c;)—>min (1.3%) and
K, =f(%;c,) > min (13.9%), obtained at the speed of movement 3. of the copier no
more than 4, < 1.8 m/s, the stiffness coefficient ¢, of the spring vertical thrust glass of no

more than ¢, < 45 N/m and the angle « of the copier installation relative to the horizon equal
to o =30 degrees.
Functional change of the initial optimization parameters, or the number K, of root

crops fallen from the ground and the number K, of damaged root crops for increasing the angle

«a of the copier installation relative to the horizon within the range of the input factor change
from 20 < a < 40 degrees has a parabolic character, at the same time:
- the minimum value of the optimum of the function K, = f(9;«) and K, = f($;a),

which is, respectively, K, =f(4;a)—>min (2.3%) and K, = f(%;a)—> min (13.9%),
obtained at the angle « of setting the copier relative to the horizon within 25 <« < 35 degrees.
and the movement speed &, of the copier is no more than 9, < 1.8 m/s.

Taking into account the obtained results of experimental studies of indicators K,
(number of root crops fallen from the soil) and K, (number of damaged root crops) and
agrotechnical requirements [14] for the process of harvesting root crops, according to
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Experimental studies of pruning the haulm of chicory root tops

which the working speed of the root harvesting machine should be at least 1.5 m/s,
the number of chicory root crops that have fallen out of the ground with a head trimmer
IS no more than 2.5%, the number of damaged root crops should not be more than 15%, it
can be stated that the established indicators of and K, tend to their minimum or optimal

values (K, — optimum (< 2.5 %), K, — optimum (< 15 %)) are observed under the

following cutter parameters:
- the speed of movement . of the copier (or root harvesting machine) is less than or

equal to 1.8 m/s;
- the stiffness coefficient ¢, of the spring of the copier vertical thrust cup is less than

or equal to 45 N/m;

- the installation angle « of the copier relative to the horizontal plane is from 30 to
35 degrees.

Conclusion. According to the results of the obtained indicators of the quality of the
work process of the improved trimmer of the remains of the root crops from the heads of root
crops, it can be stated that with a constant total mass of the moving parts of the trimmer

m, = 8 kg and the stiffness coefficient of the spring of the adjusting thrust ¢, = 30 N/m, the
nature of the change in the number of fallen K, root crops from the soil and the amount of
K, of damaged root crops is as follows: the percentage increase in the number K, of root
crops fallen from the soil and the number K, of damaged root crops due to an increase in the

stiffness coefficient ¢, of the cup of the vertical thrust of the copier within the change of the
input factor from 35 to 65 N/m increases on average, respectively, by 3.0-3.5% and by
10-13%; an increase in the speed of movement . of the copier within the limits of the change

of the factor from 1.5 to 2.1 m/s does not significantly change the indicator of the number K,
of root crops fallen from the soil and the indicator of the number K, of damaged root crops —

respectively, K, and K, increase on average by 0, 4-0.6% and by 2.5-3.1%.
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Experimental studies of pruning the haulm of chicory root tops

YK 631.356.22

EKCIIEPUMEHTAJVIBHI JOCJIII>)KEHHA 3P1I3YBAHHS I'MYKU
3 I'OJIOBKHM KOPEHEILTIOAIB IUKOPIIO

Boaogumup boiiko

Teproninbcokull HayioHAIbHUU MeXHIYHUU YHIgepcumem imeni leana Ilynios,
Tepnoninw, Yrkpaina

Pesztome. Kopenennoou yuxopiio € yinHOI0 MEXHIYHOIO MA CMPAMeiuHO-6aNHCIUBOI0 KYAbIYPOIO OlA
nposioHux 2anyseli ekonomixu Ykpainu. Ilepepobka cuposunu 3 KopeHeniooie Yukopito 00360.15€ OMpumMysamu
npoOyKmu eHepeemuuno2o (bionaiugo), xapuosozo (kasa) ma gapmayesmuunozo (inynin) xapaxmepy. Husvxuil
pisenv  mexawizayii 30UpaHHA KOpeHennioldié YuKopilo (3HauHi 8mMpamu, MNOWKOONCEeHHs) He O003807A€
3abesneuysamu nompedu cuposuru 01a ii nepepodku. Mema O0ocniodcenHs — niOGueHHs NOKA3HUKIE AKOCH
3pI3YBAHHA 2UUKU 3 2071080K KOPEHENI00i8 WIAXOM 002PYHMYBAHHS PAYIOHATLHUX NAPAMEmPI8 pOOOYUX Op2aHie
VOOCKOHANEH020 00pisHuKa. 3a pe3yibmamamu npoGeOeHUX NOAbOGUX eKCNEPUMEHMANLHUX O00CHIONCEHb
OMPUMAHO PISHAHHS pegpecii, IKi ONUCYIOMb QYHKYIOHAIbHY 3MIHY KLIbKOCMI 6UBAJICHUX KOPEHENN00I8 YUKOPIIO
3 ePYHmMY ma KilbKOCmi NOUKOOINCEHUX KOPEHEeNL00i8 3anedCHO Gi0 WEUOKOCMI pyXy Konipa, cymapuoi macu
DPYXOMUX YaCUH 0OPI3HUKA, KOeDiyieHma HcopCmKOCi NPYICUHU CMAKAHA 8ePIMUKATLHOT mA2U KONIpa ma Kyma
YCMaHoGNeHHs: Konipa GIOHOCHO —2opuzonmy. Ilopadok npoeedeHHs eKChepuMeHmié [ Onpayto6anHs
EKCNepUMeHManbHux OaHUX NPo6oOUNU 32I0HO 3 BIOOMOI0 MEMOOUKOI NIAHYBAHHA Md ONPAYIO6aHHS
pesyiomamie 6a2amopakmopHux excnepumenmis. Jominanmuumu Qaxmopamu, ki Cymmeso enaudarome Ha
NOKA3HUKU ONMUMI3ayii, € Kym GCMAHOGIEHHA KONipa 00 20pU3OHMY MA CYMApHA MACA PYXOMUX HACTUH
o6pisHuKa. 3i 30inbweHHsAM Yyux paxmopis y medicax, 8ionogioxo, 6io 1,5 0o 2,1 m/c ma 6id 6 0o 12 ke nokasHuxu
KibKOCMi 8UBANIEHUX KOPEHENN00i8 3 2PYHMY Ma NOUKOONCEHUX KOPEHenio0i6 30inbulylomsbcs 8 CepeOHbOMY 6
1,4 pasza. Ompumano maxi 3HaYeHHs DAYIOHATLHUX NAPAMempPI8 OOPI3HUKA: WEUOKICMb pYyXy 0Opi3HUKa —
1,6...1,8 m/c; maca pyxomux wacmur o6pizuuxa 6...7 K2, KVm 8CMAHOBLEHHs KONIPA 8iOHOCHO 20PU3OHMANbHOL
nrowunu — 30...35 epao., KoegiyicHm HcopcmKoOCmi NPYHCUHU CMAKAHA 8EPMUKAIbHOT ms2u Konipa 00 45 H/m.
Ompumani pesyrvmamu 003801A10Mb NPOSHOZYEAMU NOKASHUKY AKOCMI poObomu 2UuKO30UpAnbHUX MOOYI8
KOpeHe30UpanbHuX MauiuH.

Kniouosi cnoea: kopenennoou yukopiro, 3anumiKy 2UtKi, npoyec, GUGAIeHi KOPEeHeni100U, NOUKOOICEHH S,
Mo0enb, pakmopu, pisHANHHA pespecii, napamempu.
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