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Summary. In this article, the problem of the need to improve existing and development of essentially new
beet-harvesting machines is investigated since the existing ones do not fully satisfy the agronomic requirements
for the process of harvesting roots. The results of experimental studies of the improved beet-harvesting machine
are presented. The technological efficiency of application of the improved design of the cutter of the remnants of
the wedge was determined by conducting field comparative studies of the two types of denominators, which
distinguished themselves from the constructive execution of the comb copier and knife. The surface of the reviews
and their two-dimensional sections of the damage to the root crops and the number of cut root crops from the soil
were constructed, depending on the speed of the root-crop modulus and the height of the root crops.
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Statement of the problem. Stable development of the agro-industrial complex is
impossible without the development and implementation of fundamentally new and progressive
methods enabling to design efficient technical means and mechanisms for agriculrural crops
harvesting. The development of new and improvement of existing constructions of root crop
harvesting machines and aggregates is caused by the need for production of beet-harvesting
machines by domestic mechanical engineering at the level of the best world analogues as
Ukraine belongs to the main world beet-growing countries [1].

Analysis of the available investigations and publications. The results of theoretical
and experimental investigations of the operation of top gathering module and its mechanisms
requiring more detailed description and analysis based on data obtained during experimental
tests are given in papers [2, 3, 4].

The objective of the paper is to carry out analysis of experimentally obtained data on
the work of the improved top gathering machine in accordance with the research program and
verify the relevance of empirical dependencies describing the cutter knife along the root
head [5].

Statement of the task. In order to determine the technological efficiency of the
application of the top cutter improved design on the root heads installed on the top gathering
module, field comparative experimental investigations of two types of cutters which differ by
constructive performance of collar feeler and knife were carried out.

Results of the investigation. The program for carrying out experimental investigations
of the improved top remains cutter provided the determination of the root crop damage P,, and

the number of cut root crops from the soil B,, by the operating elements of the root crop

harvestine module (in percentage of the root crop total mass) for two types of constructive
performance of the cutter [5].

Technical characteristics of the field installation of the top gathering module are given
in Table 1.
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Table 1

Technical characteristics of the top gathering module

Indexes Indicators Value
Operating width, m 2,7
Number of rows, pcs. 6

Diameter of top cutter rotor, m 0,5
Rotor rotating velocity, rev./min. 500

Screw conveyor diameter, m 0,2...0,3

Screw conveyor rotational frequency, rev./min. 20...150
Screw conveyor pitch, m 0,25

The sequence of the first and subsequent experiments was established in accordance
with the numbered order of the randomized plan matrix of the planned multifactorial
experiment.

At the same time, the investigations were carried out on the basis of the implementation
of two-factor experiment at three levels of factors variation or factorial experiment 32 type
experiment the scheme of which is shown in Fig. 1.

Factor x1:
speed of the module 4,, , m/s >
Unknown
dependence Optimization Option
fe; Pke, Bre = fre)(X1; X2)
Factor x»: fe

height of heads placement /4, ,
cm

Figure 1. Scheme of the planned factor experiment 32 type

Characteristics of the determined factors and the value of their variation levels are given
in Table. 2

Table 2

Results of coding the factors and their variation level during experimental investigations

Factors Natural | Coded interval natural/coded
Module motion speed, m/s Gy X1 0,3 1,6/-1 1,9/0 2,2/+1
Head location height, cm hk X5 3,0 5,0/-1 8,0/0 11,0/+1

ISSN 2522-4433. Bichux THTY, Ne 4 (92), 2018 https://doi.org/10.33108/visnyk_tntu2018.04 ............ccoeueeveeee.. 61


https://doi.org/10.33108/visnyk_tntu2018.04

Experimental researches of parameters technological process of the improved beets tops purifier

On the basis of the implementation of the selected experimental plan, according to the
given method, the dependences characterizing the change in root crop damage P, and

the number of cut root crops B,, from the soil by the operating elements of the top gathering

module on the simultaneous change of the two factors — the speed of the top gathering
module 9,, and the height of the root crops location in relation to the soil surface h, inthe form

of the function B; By, = fp(s) (I k) -

The response function (optimization parameter), i.e., empirical dependence or
regression equation, characterizing the change in root crop damage P, and the number of cut
root crops B,, from the soil by the operating elements of the top gathering module from the
simultaneous change of two operating factors - the speed of the top gathering module 9,, and
the height of the root crops location relatively to the soil surface h, , defined experimentally,
were assumed as mathematical model of complete polynomial of the second degree

Pies Bike = By + 01X +b,%, +By,%, + b11X12 + b22x22, (1)

where b,,b,,b,,b;,,b;,b,, —are the corresponding coefficients for the coded factor values of
the regression equation;
X;, X, —are coded factors.

After the received experimental data array processing carried out in accordance with the
well-known methodthe unknown coefficients of the regression equation were determined [6].

Table 3

The values of the regression equation coefficients during the investigation of root crop damage P,, the number
of cut root crops B, from the soil by the operating elements of the top gathering module

Coefficient values
Symbok b | b | b, | by, | by | by
Pie = fo(Su ) | -0,75 3,33 -1,74 0,54 -1,04 0,12
P = fo(Sy.hy) 6,6 -3,96 -1,68 0,42 0,73 0,11
By = fa(Sy n) | 16,11 -12,5 -2,87 0,42 4,58 0,35
Boe = fg(Sy hy) | -566 5,08 -1,87 1,08 -0,42 0,1

The verification of the selected model adequacy presented in the form of the functional
PeiBie = fpe) (9. he)), i. e., the relevance of the empirical distribution of the random variables
of the regression equations to the real experimental process was carried out according to
Fisher’s criterion [7] which tabular significance was denoted as F;(0,05; f,; f,), where 0.05

means 5% significance level (equal to 1 — « , where « is the confidence probability).

According to the calculations results the condition of adequacy is true, i.e. the chosen
mathematical model adequately describes the received experimental data array, or is adequate
to the investigated process.
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The statistical significance of the coefficients b, by,
carried out according to the Student’s t — criterion [7] at the same time it was determined that
all coefficients of the regression equation are significant.

Regression equations in natural quantities characterizing the change in the root crop

damage P, and the number of cut root crops from the soil B,, by the operating elements of the

b, of the regression equations was

top gathering module in the form of functional dependence P, = fs(9y.h),
Poe = fo(Gu . Ne)» Bye = f5(9u.hy) and B,,, = f5 (9, h,) within the limits of two operating
factors change (speed the top gathering module movement 1,6 <2,, <2,4 m/s, the height of
the root crops location relatively to the soil surface 3,0 <h, <9,0cm), are as follows:

— the number of damaged root crops P,, and P, from the total mass of roots of one
sample:

P, =-0,75+3339,, —1,74h, +0549,h, —10492 +0,12h? ;} _ o

P, = 6,6 3,969, —1,68h, +0,429,,h, +0,739, +0,11h}

where P,,, P, — relatively, root crop damage by the serial cutter and the cutter, which knife

isproduced as spring-loaded, and the feeler is installed on the shock absorber, %.
— the number of cut root crops from the soil P, and P,,, from the total mass of roots of

one sample:

By, =1611-1259,, —2,87h, +0,429,,h, +4,589;, +0,35h/ ;} _ -

B, = —5,66+5,089,, —187h, +1,089,,h, —0,42.95 +0,1h?

where B,,,, B,,, —relatively, the number of cut root crops from the soil by the serial cutter and

the cutter, which knife is produced as spring-loaded, and the feeler is installed on the shock
absorber, %.

According to the regression equations (2) and (3), the response surface and its two-
dimensional cross-section (Fig. 2 and Fig. 3) characterizing the functional change of the root
crop damage P,, and the number of cut root crops from the soil B,, by the operating elements
of the top gathering module for two types of constructive performance of the cutter of the top
remains from the root heads depending on the speed of the top gathering module 9,, movement

and the height of the root crops location relatively to the soil surface h, within the limits of
their change: 1,6 <4, <2,2 m/s; 3,0<h, <9,0 cm are constructed.
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Figure 2. Response surface and its two-dimensional cross-section of root damage as function:
a— By = fp(Gu.h) b= Py = fo (. hy)
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Figure 3. Response surface and its two-dimensional cross-section of the number of cut root crops from the soil
as function: a— By, = (9, ) b- By = TGy, 0)
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On the basis of the carried out analysis of the regression equations (2) and response
surfaces constructed in accordance with them and two-dimensional cross-sections of the
response surfaces (Fig. 2), it was determined that the nature of the change in the root crop
damage P,,, P,. for two types of constructive performance of the root crop cutter of top

gathering module, is similar or the same — with rise of top gathering module 9,, and the height
of the root crops location h, relatively to the soil surface level, the root crop damage also

Increases.

In this case, the greatest root crop damage is observed in the first design of the root
heads cutter, which is produced according to the «passive feeler-passive knife» type or serial
cutter, which values are in the range B, =6,0...24,0% (Fig. 2a).

Relatively, the minimum root crop damages, which values are in the range
of P, = 2...18% (Fig. 3b), are obtained for the cutter with spring-loaded produced knife, the

copier installed on the shock absorber and made as an elastic gasket.
A significant reduction in the root crop damagem for the second type of constructive
performance of the root crops cutter p,,, relatively to the index P, is achieved by substitution

the rigid process of top sterms «cutting» for the cutting process by sliding of the cutting edge
of the spring-loaded knife and partial compensation of the horizontal component of the root
crops contact force by the shock absorber installed on the platelike feeler support.

The dominant factor affecting the optimization parameter or root crop damage is the
height of the root crops location relatively to the soil level hk (Fig. 3).

Within the limits of increasing the height of the root crops location over the soil surface
level from 3 to 9 cm, the root crop damage by the operating elements of two types, the cutting
knife and root crops cutting feeler of the cutter of root crops performance increases in average
by 2.5 ... 3 times.

On the basis of the carried out analysis of the regression equations (3) and the responses
surfaces constructed according to them and their two-dimensional cross-sections (Fig. 3), it was
determined that the nature of the change in the number of cut root crops from the soil B,,,, B,,,

for two types of constructive performance of the root heads cutter heads is the same — with the
increase of the top gathering module speed $,, and the height of the root crops location h,
relatively to the soil surface, the values B, , B,,, increase (Fig. 3).

At the same time, the largest number of cut root crops from the soil is observed in the
serial cutter, which the values are in the range of B,,, = 1,0...6,5 %.

Accordingly, the minimum values of the number of cut root crops from the soil B,,, =
0,5...3,9 % are obtained for the cutter with spring-loaded produced knife and the copier rigidly
installed on the shock absorber produced in the form of the elastic gasket.

A significant reduction in the number of cut root crops from the soil B,,, for the second
type of construction cutter of root crops relatively to the index B,,, is achieved by substituting

the rigid process of top sterms «cutting» for the cutting process by sliding of the cutting edge
of the spring-loaded knife and partial compensation of the horizontal component of the root
crops contact force by the shock absorber.

The dominant factor that affects the optimization parameter or the number of cut root
crops from the soil is the height of the root crops location of relatively to the soil level hy.
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Within the limits of increasing the height of the root crops location at soil surface level
from 3 to 9 cm, the number of cut root crops from the soil by the operating elements of two
types the performance of cutting knife and the cutting feeler of top gathering module are
increased in average by 3 ... 4 times, Fig. 3.

Conclusions. Taking into account the above mentioned, we can state that the offered
mathematical model of the process of removing the remains from the root crops head reasonably
describes the experimental data array obtained and corresponds to the investigated process. It
has been established that a significant reduction in the root crop damage for the second type of
constructive performance of the root cropper cutter is achieved by substituting the rigid process
of top sterms «cutting» for the cutting process by sliding of the cutting edge of the spring-loaded
knife and partial compensation of the horizontal component of the root crops contact force by
the shock absorber installed on the platelike feeler support.
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EKCIIEPUMEHTAJIbBHI JOCJIIIKEHHSA ITAPAMETPIB
TEXHOJOI'TYHOI'O ITPOLECY POBOTH BJJOCKOHAJIEHOI'O
OBPI3HUKA 3AJIMIIKIB 'MYKH

I'anna Lpousb; Bikrop bapanoscebkuii; Oaer JIsmyk; Tapac o0y

Tepnoninbcokuu HayionanrbHuu mexHivHuu ynigepcumem imeni leana Ilynios,
Tepnoninw, Yrkpaina

Pesrome. Jlocniosxceno npobaemy, wjo noasieae 6 HeoOXiOHOCMi 600CKOHANICHHS ICHYIOUUX MA PO3POOIeHHI
NPUHYUNOBO HOBUX SUUKO3OUPATLHUX MEXAHI3MIB | MAWUH, OCKINIbKU HAAGHI He NOBHOK MIPOI0 3A00801bHAIOMb
azpomexwiyHi eumozu 00 Hpoyecy 30upauHs Kopenennooie. Hagedeno pesynvmamu eKcnepumMeHmanbHux
0ocniodceHb pobomu 800CKOHANEHO20 OOPISHUKA 3ANIUWIKIE SUYKU 2UHKO30UpaibHo2o Mooyis. Bushnaueno
MEXHON02IUHY eheKMUBHICMb 3ACMOCY8AHHS 800CKOHANEHOT KOHCMPYKYIT 0OPI3HUKA 3AIUWIKIE 2UYKU ULTAXOM
npoGedenHs NOJbOBUX NOPIGHANbHUX OO0CHIOJHCeHb 080X Munie 00pi3yeauis, AKi GIOPIZHANUCA MidC COO0H0
KOHCTNPYKMUBHUM BUKOHAHHAM 2pebinyacmozo Konipa ma Hodkcd. Bionogiono 0o npospamu npoeedeHHs
EKCNEePUMEHMANLHUX O0CTIONCEHb BUSHAUEHO NOWKOOICEHHS KOPEHEeN00I8 ma KilbKICMb UOUMUX KOPEeHeN00i8
3 IDYHMY poOOUUMU OP2AHAMU SUYKO30UPATLHO20 MOOYIA (Y 8I0COMKAX BIOHOCHO 3A2AbHOI MACU KOpeHeni00ig)
0n1s1 080X MUNi6 KOHCMPYKMUBHO20 BUKOHAHHS 00pizHuKa. [locniodicenusi npoeedeno Ha OCHO8i peanizayii
080GhaKmMopHO20 excnepumenmy Ha mpbox pieHax eapiosannus. Ilocrioognicms nposedenHs nepuioco ma
HACMYNHUX eKCHePUMEHMI8 BCMAHOBNIEHO 32I0HO 3 HYMepOBAHUM NOPAOKOM PAHOOMI308AHOI NIAH-Mampuyi
nianoganozo 6azamogaxmoprozo excnepumenmy. IloOy0o8ano nosepxmi 6i02ykig, ix 0B0MIpHI nepepizu
NOWKOONCEHHS KOPEHENI00i8 ma KilbKOCMI SUOUMUX KOPEHENN00i8 3 IPYHMY 3ANeHCHO G610 UWBUOKOCMI PYXY
KOpeHe30UpanbHo20 MO0y MA 6UCOMU KOPEHeNL00i8. Y mexcax 30i1buieHHs 8UCOmU pO3MAULYBAHHS 201080K
KOpeHennoodie Hao nogepxuero IpyHmy 6i0 3 00 9 cM NOWKOONMCEHHS KOPEeHeniodig pobouumu opeaHamu 080X
MUNie UKOHAHHA Pi3aAbHO20 HOJHCA MA KONipa 0OPI3HUKA 201080K KOPEHeNI00i8 30iNbuyiomsbcsl 8 cepeoHboMy 8
2,5...3 pasu. BcmaHoéneHo, wjo 3anponoHO8AHA MAMeMamuina Mooenb npoyecy 8UOANeHHs 3aNUWKI8 2udKy 3
20/1080K KOPEHenn00ieé a0eK8amHO ONUCYE OMPUMAHUL eKCHePUMEHMATbHUL MACU8 OAHuUX ma 6i0nogioae
00Cni0dHCY8anOMy npoyecy.

Knrouosi cnosa: cuuka, kopenenioou, pizanis, 0860QaKmopHutl eKcnepumenn, Hixc.
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