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Summary. Nowadays, the available haulm removing machines and mechanisms do not fully meet the
agronomic requirements for the process of harvesting roots. In this paper, the need to design new haulm
removers and improve the available ones is substantiated. The results of experimental and theoretical studies
require a more detailed description and analysis on the basis of the obtained data during field tests of an
advanced haulm removing machine. The technological process of the module operation for harvesting the tops
of root crops is primarily regulated; it depends to a large extent on the technological feeding of the plant
components cut off with knives of rotary haulm removers. Therefore, the results of experimental studies of the
auger conveyor performance are given in this paper. Based on the obtained results, the efficiency of the
developed analytical and applied model of the feed process of cut vegetable components to the auger conveyor of
the haulm removing module is proved. The discrepancy in the experimental values of the auger conveyor
performance (obtained in accordance with the regression equation) and the theoretical values of its performance
(obtained at the analytical level according to the mathematical model) ranges from 5 to 10%. The rational
parameters of the auger conveyor of the haulm removing module are defined: auger diameter — 0,35 m; auger
rotational frequency — 350 rpm.
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Statement of the problem. The need to develop new designs of haulm removing
machines and improve the available ones is stipulated by the difficult and changing conditions
of their functional operation, as well as the inefficient adaptation of the available designs of
cutting tools to these changes. Therefore, the constant top agronomic results of implementing
the technological process in general cannot be achieved [1].

Analysis of recent researches and publications. The results of experimental and
theoretical studies, which require a more detailed description and analysis on the basis of data
obtained during field tests of an advanced haulm removing machine, are presented in the
papers [2, 3, 4].

The objective of the paper is to analyze and compare the experimentally obtained
data of the advanced haulm removing machine in accordance with the research program as
well as to verify the adequacy of theoretical positions of the developed mathematical model,

which characterizes the dependence of the change in the second feed 7y, of the plant
components on the auger conveyor of the haulm removing module.

Statement of the task. To verify the adequacy of the developed mathematical model
[5, 6], which at the analytical level defines the functional change in the auger conveyor

performance Q, of the haulm removing module due to its structural and kinematic
parameters, the field experimental studies were conducted.

Research results. The design scheme of the experimental installation is shown in
Figure 1. The diameter of the auger is D =0,35 m, the step of the first auger sheave is S, =

0,15 m, the interval of increasing the auger step is AS =0,005 m, and the number of auger
stepsis z =1.
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The first and subsequent experiments were conducted according to the numbered order
of the randomized plan matrix of the planned multi factorial experiment.

Figure 1. Design scheme of the experimental installation: 1 — frame; 2 — supporting wheel; 3 — rotor haul cutter;
4 — guiding jacket; 5 — screw conveyer; 6, 10 — drum; 7 — knife; 8 — trough; 9 — hector;
11 —turn; 13 — beet root

The assessment results of the determined factors and the value of their variation levels,
which are obtained in accordance with the results of the theoretical studies of the auger
performance, are given in Table 1.

Table 1

Results of coding the factors and the levels of their variation during the planned factor experiments
such as PFE 3% and PFE 32

Notation Intervals i
Factors of Level of variation
Natural | Coded variation. natural/coded
Speed of module m/s Gy Xq 0,3 16/-1 | 19/0 | 2,2/+1
Density of plantings the root e X, 20 80/-1 | 1000 | 120/+1
crops, ths./ha
Interval of changes in yields £ AU, X, 2 3/-1 5/0 2741
of root crops, c/ha

Auger rotational velocity, rpm Ny X5 100 250/-1 | 350/0 | 450/+1

The results of implementing the plan-matrix of experimental studies concerning the
determination of the mass of the collected tops M,, at the corresponding length of the roll are

given in Table 2.

The approximating response function, or the optimization parameter, that is, the
performance of the auger conveyor of the haulm removing module, determined
experimentally, was deduced in the form of a mathematical model of the logarithmic function

Qe =by +bInx +b, InXx,, 1)
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where by, b, b, — free member and coefficients of the corresponding values X; i X,; X,

X, —corresponding coded factors.

The results of experimental studies of the mass of the collected tops M Q-

Table 2

at the corresponding length of the roll are given

Factors M. kg
Ne of —
experiment | g /s e, rpm Repif/jlltab"lty Mo,
1Qe2

1 1,6 250 12,4 62,0
2 1,9 250 16,3 81,5
3 2,2 250 21,6 108,0
4 1,6 350 17,1 85,5
5 1,9 350 22,9 92,5
6 2,2 350 27,2 136
7 1,6 450 22,5 1125
8 1,9 450 29,4 147,0
9 2,2 450 33,3 166,5

The natural values of the coefficients b; of the regression equation for changing the

auger conveyor performance Q,, are given in Table 3.

The natural values of the coefficients bi of the regression equation

Table 3

for changing the auger conveyor performance le

Notation

The natural values of the coefficients of the regression equation

by

b,

b,

Qe = fo (GwiMi)

— 99,66

31,31

17,48

After evaluating the statistical significance of the regression equation coefficients and
verifying the adequacy of the empirical model and the transition from coded notation of
factors to natural quantities, a regression equation that characterizes the change in the auger

conveyor performance Q,, in natural factors is deduced

Q. =—99,66+31,31In(, )+17,48In(n, )

)

The obtained regression dependence or the empirical model (2) can be used to
determine the auger conveyor performance Q. of the haulm removing module according to

the approximating model Q,, = f,(Jy;n,) within the range of values of the input factors: the

speed of the haulm removing module is 1,6<9,, <2,2m/s; auger rotational velocity is

250< n, <450 rpm.
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Therefore, the operating parameters and modes of the haulm removing module can be

calculated during the development and design of its working bodies.

Based on the analysis of the obtained regression equation (2) and the response surface
change in the auger conveyor

(Fig. 2) as a function Q= fy(Jy;n,), the functional

performance Q,, in dependence with the input variable factors possesses directly proportional
characteristics. That is, providing the increase of the speed 4,, of the haulm removing
module and the auger rotational velocityn,, the auger conveyor performance increases as

uger conveyor performance range
from 11 to 34 kg/s. Based on the developed dependencies, the results of functional change in

well. The main approximated experimental values of the a

the auger conveyor performance Q,, are shown in Fig. 3.
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Figure 2. Response surface of the functional dependence of the change

in the auger conveyor performance Qk_e

on the speed 4, of the haulm removing module and the auger rotational frequency N,
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The dominant factors, which improve the auger conveyor performance Q,,, are
concidered the all operating factors, such as the speed of the haulm removing module 9,,,
and the auger rotational frequency n, .

Thus, the performance improvement Q,, within the variation of each input variable
factor 9, and n, (Fig. 3), respectively, from 1,6<9,, <2,2m/s and 250< n, <450 rpm is
approximately the same and range from 10 to 12 kg/s.

Therefore, to ensure the rational operation of the screw conveyor or the movement of

the plant components by means of an auger without their «download» on the auger working
surfaces, the auger conveyor performance Q,, must be not less than the range of change in

the second feed of the plant components 77,, to the auger conveyor of the haulm removing
module.

According to the graphics (Fig. 2, 3), the second feed of plant components 77, to the

auger conveyor ranges from 9 to 30 kg/s.
Then, based on the analysis of the graphics shown in Fig. 2, 3, the condition

Q. = 11}, is proved to fulfil at all values of factors variation:
- the speed 9,, of the haulm removing module ranges from 1,6 to 2,2 m/s;
- the auger rotational frequency n, ranges from 250 to 450 rpm.
In this case, the auger diameter is equal to D, =0,35 m; the first step of the auger

sheave is S; =0,15 m; the step change interval is AS = 0,005 m.

The discrepancy in the experimental values of the auger conveyor performance Q,,

obtained according to the regression equation (2) (curves Q2 (n), Q4 (n), Q6 (n)) and the
theoretical performance values of the auger conveyor performance (straight lines Q1 (n), Q3
(n), Q5 (n)) obtained at the analytical level according to the mathematical model [5, 6] ranges
from 5 to 10% (Fig. 3 b).

Conclusions. The advanced haulm removing module performance was experimentally
studied and analyzed. The developed theoretical model [5, 6] describes functionally the
change in the auger conveyor performance Q, in dependence with the auger structural and

kinematic parameters. Therefore, the above model is proved to describe adequately the
process under study.

Thus, based on the analytical and empirical analysis of the auger conveyor
performance Q,, the rational parameters of the auger conveyor of the haulm removing

module are found: the auger diameter is D =0,35 m; the auger rotational velocity is n, =
350 rpm.
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VJIK 631.31

PE3YJIBTATU EKCHEPUMEHTAJIBHUX JOC/IIIKEHb
HPOAYKTUBHOCTI POBOTHU HIHEKOBOI'O KOHBEEPA
I'MYKO3bUPAJIBHOI'O MOJAYJIA

I'anna Hpoun; Hania Xomuk; Tapac Josoyur; Ouer I{boHb

Teprnoninbcokuu HayionanrbHuu mexHivHuu yHigepcumem imeni leana Ilynios,
Tepnoninw, Ykpaina

Pe3tome. [Jocnionceno npobnemy, wjo noiseae 6 HeoOXIOHOCMI 600CKOHANEHHA ICHYIOUUX ma
PO3DOONEHHT NPUHYUNOBO HOBUX 2SUYKO3OUPATbHUX MEeXAHI3MI8 1 MAWUH, OCKIIbKU HAA6HI HEe HNOBHICMIO
300060IbHAIOMb  AZPOMeXHIUHI  eumocu 00 npoyecy 36upauHs KopeHnennoois. Haeedeno pezyromamu
EKCNepUMeHMAanbHux i meopemuyHux OO0CHIONCeHb, WO nompedyioms O0emanlbHiuo20 ONUCy ma aHanizy Ha
OCHOGI OMPUMAHUX OGHUX NPU NPOGEOEHHI HAMYPHUX 6UNPOOYEAHL YOOCKOHANEHOT 2UUKO30UPAbHOI MAWMUHU.
Texnonoeiunuii npoyec pobomu Mo0yia 018 30UpanHs 2uyKy KOPEHeniooié 3HAYHO 3ANeNHCUMb 8i0 NOOABANHS
3pI3aHUX ~ HOXMCAMU ~ POMOPHO20  2UYKOPI3A — POCIUHHUX — KOmnouenmis.  Ompumano  pesynvmamu
EeKCNEePUMEHMANbHUX  O0CTIOdNCeHb NPOOYKMUBHOCTHT pOOOMU WHEK0B020 KOHBEEPA, AKI NiOmeepodicyomy
po3pobIeHy  aHANIMUYHO-NPUKIAOHY MOOelb npoyecy NOOAGAHHA 3Di3aHUX POCIUHHUX KOMHOHEHMIE 00
26UHMOBO20 — KOHBEEPA  2UYKO30UpANbHO2O0 — MOOYaA.  Po3bixchicmb — eKcnepumeHmanbHux — 3HA4eHb
NPOOYKMUSHOCI WHEKOBO20 KOHBEEPA, SIKI OMPUMAHO 32i0HO 3 DIBHAHHAM pecpecii, i meopemuyHUx 3Ha4eHb
11020 NPOOYKMUGHOCMI, AKI OMPUMAHO AHATIMUYHO. 32i0HO 3 MAMEMAMUYHOIO MOOELIIO BOHU 3HAXOOSIMbCS )
mexcax 5...10%. Payionanvui napamempu wHeKo8020 KOHBEEPA SUUKO3OUPANLHO20 MOOYIsL: diamemp WHeKd —
0,35 m; wacmoma obepmanns wHexa — 350 06/xs.

Knrouosi cnosa: cuuka, Kopenenioou, pizanHs, 28UHMOBUL KOHBEED, MEXHONIOZIYHULL NPoYyec, HIdiC.
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