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ABSTRACT

It was found that the extraction of a tuberous heap, hamely potatoes, with a digging working body with a movable
frame, has the most significant drawback, which is that when the depth of the burrowing share tip is changed, the
angle of its inclination changes, which negatively affects the chipping of the soil layer and leads to the
deterioration of the transportation of the excavated soil layer to the separating working bodies, for which it is
necessary to determine and clarify the main technological and design parameters of the developed intake plough
share for digging / picking up root crops and bulbs due to the fact that potato tubers and onion bulbs have different
size and mass and physical and mechanical properties. A method has been developed for determining the
amount of supply of a heap of onion sets from the surface of the digging share to the separating working bodies,
the required soil moisture necessary for research. The methodology and results of experimental studies to
determine the decrease in the content of soil impurities in the gathering heap of onions are presented, the main
statistical characteristics of the experiment are reflected. Based on the results of the screening experiment,
significant factors have been established that have a decisive effect on the selected optimization criterion: spring
preload, determined by the spring length and the forward speed of the digging share. It was found that the
minimum possible amount of soil impurities when extracting onions from the soil is 24.8%. It depends on the
values of the investigated factors, values that should be set in the interval: the length of the spring Lppp =0.02-
0.04 m and the speed of the moving share v, =1.2-1.4 m/s.

PE3IOME

YemaHoerieHo, 4mo useriedeHue KilybHeHOCHO20 80poxa, a UMEHHO — Kapmodgbessi nodKarblearouum pabodyum
op2aHoM ¢ NMod8UXXHOU paMKoU, umeem Haubosee 3Ha4yuMbIl HeAocmamok, 3aKI4arouulicss 8 MoM, Ymo rnpu
U3MEeHeHUU eenu4quHbl 3aeriybrieHusi HocKka rodKarblearou,eeo Jiemexa rnpoucxodum U3MEHeHue yerna eeo
Hak/ioHa, 4mo ompuuamesibHO CKa3bi8aemcs Ha CKalbi8aHUU MOY8EHHO20 CfI0S U rpusooum K yXyOweHuto
mpaHcropmuposaHusi MoOKOMaHHO20 MOYEEHHOZ20 Myacma Ha cernapupyroujue pabodue opzaHbl, Onsi 4yea2o
HeobxoOumo ornpedenumps U YMOYHUMb OCHOBHbLIE MEXHO/I02UHECKUE U KOHCIMPYKMUBHbIE rapamempbl
paspabomaHHoO20 fpueMHo20 riemexa O nodkaribieaHusy/ nodbopa KopHeriodos U flyKosuly, 8 Cesi3U C mem,
4Ymo KrybHU Kapmogbensi U JIyKosuubl Jlyka-ceska obriadarom pasiuyHbIMU pa3MepHO-MaccosbiMu U (OU3UKO-
MexaHu4YecKumu ceolicmeamu. PaspabomaHbl Memoduka o orpedesieHUr0 8e/UYUHbI nodayu eopoxa slyKa-
ceska C rosepxHocmu rodkarbieaowezo Jemexa Ha cenapupyrowue paboque opeaHbl, mpebyemol
eraxHocmu rno4sbl, Heobxodumol Onisi nposederusi uccrnedosaHul. [pedcmaesneHbl MemoOuKa U pe3yribmamal
9KCrepuMeHmarsibHbIX uccriedogaHull Mo OrpederieHUr CHUXEHUST COOepKaHUsI MOYEEHHbIX rnpumeceli 8
CX00080M 80pOXe JlyKa, OmpaxeHbl OCHOBHbIE CMAaMmMUCMUYEeCKUe Xapakmepucmuku akcriepumeHma. [1o
pe3ynbmamamMm omceusalolWea0 3KCcrepuMeHma YCmaHo8/eHbl 3HaqyuMble (hakmopbl, OKasblgaroujue
onpedernsioujee enusHUe Ha 8blbpaHHbIU Kpumepuli ornmumu3ayuu: nodxamue MpyxuHbl, orpedesnsemoe
OnuHOU MPYXXUHbLI U rocmyrnamersibHasi CKopocmb 08UXEHUSI nodKarbieaoweao iemMexa. YcmaHo81eHo, 4mo
MUHUMAJIbHO 803MOXHOE KO/IUYECME0 MOY8EHHbIX MpuMecel Mpu U38rieYeHUU Jiyka U3 ro4Yebl cocmaernsem
24,8%. Omo 3asucum om 3Ha4yeHul uccredyembix ¢hakmopos, 3Ha4eHUss KoOmopbix OOMKHbI ycmaHaenueamscsi
8 uHmepearne: OnuHa npyxuHbl Lppr=0.02 - 0.04 M u ckopocmb dsuxeHus1 nodkarkiearowe2o nemexa v, = 1.2-
1.4 m/c.

1 Dorokhov A.S., Prof. PhD. Eng.Sc.; Sibirev A.V., PhD. Eng.Sc.; Aksenov A.G., PhD. Eng.Sc.; Sazonov N.V., Eng.Sc.
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INTRODUCTION

When a swath of onion set at the surface of a field is formed by an onion harvester, onions interact
with each other and with the surface of the soil (Lobachevsky Ya.P. et al, 2016; Laryushin A.M., 2010;
Protasov A.A., 2011; Reingart E.S., 1995; Sorokin A.A., 2006). In the process of onions extraction from the
soil, onion harvester advances progressively. This prevents a swath of onion set from having a large height
and thus increases the share of damaged bulbs (since the increase of the swath leads to a decrease of bulb
falling height and the degree of mechanical impact on lower bulbs being hit, whereas the number of onion
set bulbs within the swath layer increases). Limiting rollers formed by the packing roller of the onion
harvester prevent excessive growth of the width of onion set swath and thus prevent bulbs from scattering
(Protasov A.A., 2011).

The analysis of the designs of existing machines for harvesting root crops and onions, as well as
patent and technical literature, presented below, revealed shortcomings in the design of the digging parts of
machines for harvesting root crops and bulbs, which do not allow ensuring a high-quality performance of the
technological process separation of commercial products, and also lead to an increase in energy costs for
harvesting, due to the increased rise of the soil layer together with commercial products (Farhadi R. et al,
2012).

Known machine for harvesting potatoes consist of basic elements, namely: an undercutting share, a
separating bar elevator and support rods (Tauseef A.M., et al, 2014).

The main distinguishing feature of the harvester presented above is the design of the undercutting
implement 1 (Fig. 1).

X ﬁ.—‘d '__,"“t“z:; 0.1 M'..__ Ly UL 2 @ X .
Fig. 1 - General view of the sub-digging body
1 - ripping element; 2 — digging element; 3 —pre-separation slotted holes

The underfloor working body is a combination of loosening 1 and undercutting 2, elements with pre-
separation slotted holes 3, formed by the working surface of the undercutting element 2.

The loosening element 1 of the digging working body carries out preliminary loosening of the soil layer
being dug in order to reduce the supply of soil clods to the separating working bodies, and therefore,
intensifying the process of cleaning root crops from commensurate soil clods, as well as reducing the
amount of damage to marketable products from collisions with soil clods on the rods cleaning machine. The
digging element 2 carries out the extraction of root crops from the soil in the preliminary separation through
the slotted holes 3.

The disadvantages of this digging part include increased losses of root crops through the slotted holes
3 of the digging element 2; in addition, this design of the digging working body does not reduce the amount
of damage to the separated products on the bar elevator due to insufficient loosening of the soil layer of root
crops location.

There is a known design of an undercutting working body, in which the front part of the bar elevator
web on the part of the undercutting share vibrates in the vertical plane, when the underburned share
mounting bracket acts on the supporting roller, which provides an additional force effect on the soil layer, and
thereby intensifies the process of soil and plant impurities separation (Natenadze N., 2016).

The disadvantages of the known design of the digging working body include increased damage to root
crops during the transition from one cascade to another, as well as the impossibility of dispersing a heap of
root crops over the entire width of the conveyor.
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Analysis of the technical means of mechanized harvesting of root crops allows us to conclude that the
functioning elements of the harvesting machine with various types of separation intensifiers do not provide
quality indicators for harvesting root crops in terms of such indicators as completeness of separation and
damage to root crops.

The aim of the research is experimental research of the power effect of the digging share during
mechanized onion harvesting. This need is due to the desire to reduce the traction and specific traction
resistance of agricultural implements, which requires a constant search for more advanced, in terms of
energy intensity, working bodies and technologies for field work. So, the use of working bodies of one type or
another determines the predominance of a certain type of deformation of the soil layer. And since the soil
resists differently to different types of influences, this leads to a decrease or increase in its resistivity
(Dorokhov A.S. et al, 2020).

MATERIALS AND METHODS

The laboratory study program involved a study of the intake plough share used to lift and pick up
roots. This was carried out in order to determine optimal values of its structural and process parameters that
would ensure maximum thoroughness of harvest of root crops and onions with minimum pickup of sail
impurities by separating working tools (Devsh K., Ashok T., 2017; Koga N. et al 2013; LU J.Q. et al, 2016).

To study the volume of a root crop and onion heap transported from the surface of the intake plough
share for subsequent lifting and pickup of root crops by the separating working tools of the harvester,
research activities were carried out in the Penza Region in 2018 and 2019.

Stuttgarter Riesen onion seeds were planted according to the row/strip cropping system (six 45+25 cm
rows), which calls for guess row and tractor wheel spacings of 50 cm and other spacings equal to 40 cm
(Hevko R.B., 2016).

The quality of lifting of root crops and onions by the intake plough share used to lift/pickup root crops
depends on a number of factors (Dorokhov A.S. et al, 2020). In view of this, laboratory studies were carried
out using the multifactorial experiment method, at the setup installed at a mobile soil channel (Fig. 2).
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Fig. 2 — Diagram of the laboratory setup for determining the supply speed of onion heap
to the digging plough share
1 - guide; 2 — driven trolley; 3 — steel roller; 4 — electric motor; 5 — frequency converter; 6 — rope connection; 7 — mounting rack;
8 — trolley axis; 9 — heap collection tray; 10 — trolley drive shaft; 11 — safety clutch; 12 — bearing; 13 — coil with restrictive flanges;
14 — digging plough share; 15 — supporting wheels

To determine the speed Qg, (the flow of a heap of onion sets and soil impurities from the surface of

the digging share to the separating workers) of onion heap feed to the digging plough share of the root crop
and onion harvester, a laboratory setup in the form of a mobile soil channel was used.
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This made it possible to study qualitative indicators of digging working tools’ operation on soils having
varying physical and mechanical composition.

The setup used was a welded structure consisting of guides 1 with the driven carriage 2 moving along
them. The carriage was mounted on four wheels 3 and driven by the electric motor 4 equipped with the
frequency converter 5, via the flexible rope connection 6. The digging plough share 14 and the heap
collection tray 9 were attached to the mounting rack 7 which was installed on the driven trolley 2.

The driven trolley 2 moved along the guides 1 on the steel rollers 3 with the diameter of 0.15 m by
means of an electric drive comprising the asynchronous electric motor 4 and the frequency converter 5. This
made it possible to control both the rotation frequency of the electric motor shaft and the direction of shaft
rotation.

The method for determining Qp, the value of onion set heap feed speed from the surface of the
digging plough share to the separating working tools is as follows. To account for soil moisture during the
studies, it was measured using the method described below.

To ensure the soil moisture level required for the studies, the soil was moistened using surface
irrigation, then kept for several hours until the required moisture level was achieved within the soil layer
corresponding to the bulb lifting depth.

In accordance with the experiment plan, experiments were carried out with the soil moisture level
corresponding to the required value.

A mobile soil channel was mounted on the experimental onion-planting plot (Fig. 3). The digging
plough share 7 (standard grasp width 1.2 m) was mounted on the driven trolley 2 at the mobile soil channel
to achieve the digging h;, depth within the range of 0.02 m to 0.05 m, and the variation interval of 0.01 m by
moving the mounting rack 7 along the driven trolley 2.

Fig. 3 - General View of the Laboratory Setup for Determining the Feed Speed
of Onion Set Heap onto the Digging Plough Share
1 — guide; 2 —driven trolley; 3 — steel roller; 4 — electric motor; 5 — frequency converter; 6 — rope connection;
7 — mounting rack; 8 — trolley axis; 9 — heap collection tray; 10 — trolley drive shaft; 11 — safety clutch; 12 — bearing;
13 — coil with restrictive flanges; 14 — digging plough share; 15 — power supply

Seed onion heap collection tray 9 was rigidly attached to the digging plough share.

After that, the driven trolley 2 was set in motion, its travel speed was changed in increments of 0.2 m/s from
the minimum value of 0.4 m/s to the limit value of 1.8 m/s.

After the driven trolley 2 passed the experimental plot, the onion-soil heap was removed from the tray
9 and weighed on an electronic scale (model MK - 15.2 - A21) (the weight of bulbs and soil impurities was
determined separately).

When studying the intake plough share used for lifting/pickup of root crops and onions to determine
qualitative characteristics of its operation, the content of soil impurities in the resulting heap Mp was
assumed as the optimization criteria, characteristics of bulb damage W, and loss P, were assumed as
limiting parameters (Dorokhov A.S. et al, 2020).
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The value of the optimization criterion M was determined using the following dependency:

o= 6 )
Mgy,

where Mg, — is the mass of onions, mass of soil impurities, mass of vegetable impurities [kgl;

M;, — is the mass of onion set [kg].

According to the results obtained during studies of reduction of over consolidated soil delivery to the
separating working tools of a potato harvester carried out by F. N. Gallyamov, the highest level of cleanliness
of the resulting heap with the acceptable share of tuber loss of up to 3% was achieved at the travel speed of
vy, = 1.2 m/s, spring stiffness Fpr =0f 25 kN/m (P — spring, R — rate) and spring load of 0.05 m (Gallyamov
F.N., 2004).

The results obtained by F.N. Gallyamov applied to tuberiferous heap of potatoes picked up by a
digging working tool with a movable frame. This type of working tool has the following drawback - changing
the depth of the digging plough share’s toe results in variation of its inclination angle, which impacts the
quality of the soil layer shearing and transportation of the extracted soil slice to working tools adversely. This
led to the necessity to determine and clarify main process and design parameters of the developed intake
plough share for lifting/pickup of root crops and onions since potato tubers and onion set bulbs have different
sizes and weights, as well as physical and mechanical properties.

Thus, in our case, in order to ensure that the plough share’s toe is buried to the maximum depth of 6
cm, down to the minimum depth of onion set bulb location within soil of 3 cm, it is necessary to set spring
stiffness to Fpg =20 kN/m.
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Fig. 4 — Structural and Process Diagram of Intake Plough Share for Lifting/Pickup of Root Crops and Onions
1 — plough share; 2 — bracket; 3 — frame; 4 — elastic support element; 5 — gasket; 6 — nut; 7 —rod;
8, 9 — plungers; 10 — guides; 11 — base plate; 12 — bushing

Based on the results of the screening experiment performed to reveal the most important factors
affecting the selected optimization criteria, we distinguished the following two criteria:

- spring load Lppg, [M];

- travel speed of the digging plough share v, [m/s].

The working travel speed of the trolley was determined based on the length of the registration plot (4

m) and the time required to complete a passage:

S
VL = _T, (2)

tt
where:
St — is the distance covered by the trolley, [m];
tr — is the distance passage time, [s].
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The spring Lppgr Was loaded by relocating the nut 6 along the rod 7.

Three levels were selected for each factor: lower, upper and base — zero level. After that, factor
variation interval was determined (Table 1) and the multifactorial experiment was conducted according to the
experiment plan 23 (Table 1).

Table 1
Factor Variation Levels when Determining Qualitative Characteristics of Root Crop
and Onion Lifting/Pickup Intake Plough Share Operation
Variable Factors Optimization Criteria

. Progressive speed of the digging
Spring load Lppg, m plough share v, m/s
Content of sail
impurities in the
resulting heap Mp, %

Level of variation

Variability interval, Ax;

0.02 0.2
upper (+1) 0.06 1.6
lower (-1) 0.02 1.2 v
base (0) 0.04 1.4
Designations Xy X,

The studies were carried out with the aim of determining the effect of process parameters (Lppg and
vy,) of the root crop and onion lifting/pickup intake plow share on the amount of soil impurities in the resulting
heap M in a laboratory environment.

Table 2
Two-Factor Experiment Planning Matrix
Factors
. . . Progressive speed of
Designation Spring load the digging plough
Lepr, M share v;, m/s

X1 X2
1 -1 -1
2 1 -1
3 -1 1
4 1 1
5 1 0
6 -1 0
7 0 1
8 0 -1
9 0 0
10 0 0
11 0 0
12 0 0
13 0 0
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After the results of the multifactorial experiment were processed by STATISTICA 6.0 software,
response function values were obtained.

RESULTS
The content of soil impurities in the resulting heap Mp depending on the varied factors, and an
adequate encoded mathematical model describing the dependency Mp=f(Lppg, vi,) Of onion and soil heap
input on the selected factors was developed.
Y = 25.23 + 0.12x; + 1.63x, — 0.001x? — 0.015x2 — 0.03x,X, 3)

The adequacy of the presented model was verified using statistical analysis of the regression
equation. The results of statistical characteristic calculations are shown in Table 3.

The coordinates of the yield surface were determined by differentiating the equation (3) and solving
the following system of equations:

d
(=Y~ 0.12 - 0.002x, — 0.03x, = 0,
{ dx, @
dy
G = 163 003x; —0.03x, = 0

By solving the system of equations (8), we determined the coordinates of the encoded response
function’s surface center: x;, = —86.25, x, = 9.75 (decoded results are: Lppg=0.032 m, v, =1.4 m/s).

Table 3
Statistical Characteristics of Experimental Error

No. Y, Y, Y3 Y. Y, Sz SZe (Yo — Yo)?
1 23.9 24.2 24.2 24.2 23.43 0.7 0.381 1.413

2 23.1 22.7 22.9 22.9 23.73 1.06 0.581 2131

3 23.8 23.9 23.7 23.8 26.75 1.08 0.589 2.162
4 22.3 225 221 22.3 26.93 0.04 0.021 0.081

5 24.2 24.2 23.9 24.1 25.34 0.03 0.016 0.063

6 253 24.8 25.2 25.1 25.11 0.06 0.033 0.124

7 25.3 254 25.2 25.3 26.84 1.48 0.807 2.961

8 22.8 22.6 22.7 22.7 23.61 1.24 0.675 2.475

9 254 25.6 25.2 25.4 25.23 0.08 0.045 0.166
10 25.3 25.0 25.3 25.2 25.23 0.03 0.017 0.062
11 254 25.2 25.3 25.3 25.23 0.01 0.009 0.034
12 25.1 25.1 254 25.2 25.23 0.03 0.017 0.062
13 25.2 25.2 255 25.3 25.23 0.03 0.021 0.074
b2 - - - 316.8 - 5.871 3.212 11.81

center of the surface.

form:

By applying values x, and x, to the equation (7), we obtained the value of the response function at the

Ys = 24.86

(5)

By applying canonical transformation of the equation (7), we obtained the equation in its canonical

Y — 24.86 = 0.0015x% — 0.471x3
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Fig. 5 - Two-Dimensional Section of the Response Surface Characterizing the Dependency of Content of Soil
Impurities in the Resulting Heap (in %) from the Spring Load and Travel Speed of the Digging Plough Share

AXis turning axle is:
0.005

20, = 2 = 0.047 7
8202 = 57— 0.005 - 0 @)

Angle a,=-1.26 °.
By applying various values of the response function (3), we obtained contour plot (ellipse) equations.
Calculation results are shown in Fig. 5.

CONCLUSIONS

The results of the screening experiment made it possible to determine the significant factors that have
a decisive influence on the selected optimization criterion: spring preload, determined by the spring length
and the forward speed of the digging share.

It was found that the minimum possible amount of soil impurities when extracting onions from the soil
is 24.8%. It depends on the values of the investigated factors, the values of which should be set in the
interval: spring length Lppg=0.02 - 0.04 m and the speed of movement of the undercutting share v;, = 1.2-1.4
m/s.
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