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Abstract Improving the quality indicators of the operation of potato harvesters
under difficult soil and climatic conditions is an urgent scientific and practical task.
The paper reflects a research of the impact upon the quality of operation of two
kinds of potato diggers of an experimental design for additional levelling of a heap
(mass of soil, potato tubers, plant residues, etc.) on the conveyor. This device evenly
distributes the potato heap along the plane of the main rod elevator, improves the
separation conditions, reduces the total loss of tubers from 2.5 to 0.8%, that is, 3.1
times. A rational mode of operation of the digger has been determined, which, under
these conditions, provides acceptable values for the losses and damage to the tubers.
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1 Introduction

Potato growing is an important branch of agricultural production in many coun-
tries of the world [1-3]. Potato harvesting is the most labor-intensive technological
process in potato production [4—6]. Experience of the operation of potato harvesters
shows that they do not always ensure high-quality potato harvesting; and they do not
provide sufficient reliability of the technological process [7, 8]. The shortcomings are
especially pronounced when working on heavy loamy and wet soils. In many coun-
tries, for harvesting potatoes in relatively small areas or on waterlogged soils potato
diggers are used, which, compared to the expensive potato harvesters, have a smaller
number of conveyors and separating devices [9, 10]. Even though such machines are
mainly used for harvesting potatoes, intended for consumption in the local market
(i.e., not on the large commercial potato farms), they have a large numerical distri-
bution; and improvement of their designs is of current importance. To reduce losses
and obtain tubers of the required purity under difficult working conditions on such
machines, it is necessary to work at low speeds and carry out post-cleaning of the
crop at the potato sorting stations, which leads to increased cost of potato production
since it requires significant additional labour, including manual labor [11-13].

There are works of many scientists, devoted to the problem how to improve the
quality and productivity of the potato harvesters [14—17]. However, the problem of
improving the quality of potato harvesting in many countries is still relevant. One
of the promising types of potato diggers that provide a higher quality of harvesting
under difficult conditions are machines equipped with additional active rod rotors
[18]. Yet in the process of their operation the supply of a mass of soil with tubers
(heap) is observed in the central part of the rod separator-conveyor; and a layer of
heap, uneven in thickness, is created (a mixture of soil, tubers, leaves of tops and
weeds, etc.), (i.e. in the central parts of the thickness of this layer is greater. Obviously,
due to this uneven layer the soil separation will not be optimal. Therefore, a device
is needed that ensures the creation of a more uniform layer of soil with the tubers on
the conveyor. At the same time, introduction of additional elements of impact upon
the potato tubers into the structure may increase injuries to the tubers. Therefore,
in such cases, a wider study of the impact of an additional device upon the quality
indicators of potato harvesting is required.

The purpose of this work is to study the impact upon the quality of potato
harvesting using an experimental design of a heap leveler-distributor, located above
the supplying conveyor.
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Fig. 1 An experimental potato digger KTH type from impurities during its operation

2 Materials and Methods

Investigations of digging and cleaning potatoes from impurities were conducted
with two kinds of experimental potato harvesters: a two-row mounted potato digger
(variant A) (Fig. 1), and a trailed two-row potato digger-loader (variant B) (Fig. 2).
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Fig. 2 Advanced design of a double-row experimental potato digger-loader (equipped with a heap
leveler-distributor)

In both cases, the machines had bar cleaning drums with a diameter of 570 mm
(frequency of rotation — 57 rpm), which improved the separation of soil from tubers;
yet they created an uneven layer of the potato heap on the inclined conveyor (UA
63436A). In both versions the technological scheme included an experimental heap
leveler-distributor, installed above the supply conveyor of the potato harvester (at a
height of 15 cm) (Fig. 3).

This device was easy-to-remove, and it allowed conducting comparative experi-
ments on harvesting potatoes both with and without a leveler-distributor.

The mounted experimental potato digger of the KTH type has a working width of
1.4 m (2 rows). Its operating speed is — 2.0...2.5 km h™!, the maximum travel depth
of digging shares is 0.27 m, productivity is 0.28...0.0.35 ha h!, its mass is 1500 kg.

Fig. 3 General view of the experimental digging-separating body of the potato digger: 1 — the
digging shares; 2 — the bar separating drums; 3 — a mechanism for installing the heap distributor;
4 — the distributor of a V-shape type; 5 — the supplying bar separating conveyor
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The potato digger consists of a frame, track rollers, plough shares, bar drums, the
main supply conveyor, a leveler-distributor, a haulm-separating device, a cascade
elevator, a mechanism for driving the working bodies and the cutting discs. After the
passage of such a digger the potato tubers remain on the surface of the field, and then
they need to be manually picked, or a special picking machine must be used for this
purpose.

The trailed double-row experimental potato digger-loader has a similar design at
the stage of digging and primary separation, but then, at the exit, it has a system of
conveyors for the supply of tubers directly into the body of a transport trailer (moving
along it). Considering that this option has more conveyors, the process of separation
from the soil in it is more intense, and therefore it was important to evaluate the
efficiency of the leveler-distributor and to determine whether it is needed in this
option. A brief description of the trailed double-row potato digger-loader: it harvests
potatoes from two rows (the working width 1.4 m) and ensures loading the tubers
into the body of the nearby vehicle; the operating speed — 1...6 km h™!, the maximum
travel depth of the digging shares — 0.25 m, efficiency —0.45...0.0.65 hah™!, weight
3500 kg. When conducting experimental studies of the new cleaner, potatoes of the
Nevsky variety were harvested, cultivated on ridges (beds) with a row spacing of
70 cm. When harvesting the tubers, the tops were previously mowed, the average
height of the ridges was 19.2 cm, the average depth of the lower tuber was 18.2 cm,
and the width of the ridges was on average 22 cm. The mass ratio of tubers by
fractions was: 52.9% up to 50 mm including, 17.6% from 50 to 80 mm including,
and 29.5% more than 80 mm. The conditions under which the tests were carried out
were typical for heavy soils, the soil hardness in the layer of the tubers was from
1.4...3.0 - 10° N m. The type of soil is loamy chernozem with a flat relief. Soil
moisture content in the layers was 16.1...17.0%, The quality characteristics of work
were determined at the operating speeds of 3.2...4.8 km h™', the air temperature
during the potato harvesting was 10° C. The plot was covered with weeds and haulm
residues (1.56 t ha™!). Overall, during the experimental studies the potatoes were
harvested on an area of 10.1 ha. When the leveler-distributor is on, the impurities
amount in the second elevator is much less than when the leveler-distributor is off.
This leads to an improvement in the purity of tubers in the containers. Standard
methods were used during the investigations for testing the potato harvesters [19—
21], as well as additionally developed methods for assessing the influence of various
factors. The quality of harvesting the potatoes by machines in Ukraine and other
countries of Eastern Europe is regulated by the so-called agricultural requirements
[14] which define the criteria and their minimum values that the machines must
satisfy from an agronomic point of view.
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3 Results and Discussion

The quality indicators of work of the potato digger with a heap leveler-distributor
were determined at an operating speed of 2.1 km h™!. Table 1 shows the results of
studies of an experimental sample.

Figure 4 shows the results of investigations of the loss of the potato tubers and
the degree of their damage when digging out with a potato digger, equipped with the
new cleaner from impurities.

When changing the depth of the plough shares / at a working speed V=2.1 m s~
from 20 to 22.8 cm, the loss L of the potato tubers increases by 16...18%, and their
damage D decreases by 8...10%. When the plough share travel depth is 21.4 cm and
the tuber depth is 18.3 cm, the loss of tubers was 2.5%, and the damage was 4.8%,
which is within the acceptable limits. The quality of work was significantly affected
by the heap leveler-distributor, which, when put into operation, evenly distributed
the potato heap along the plane of the main rod elevator, improved the conditions for
separating the heap, reduced soiling of the tubers, which made it possible to reduce
the total loss of tubers from 2.5 to 0.8 %, that is, in 3.1 times. Sprinkling of tubers with

1

Table 1 Quality indicators of tuber digging, using a potato digger (variant A) with an experimental
heap leveler-distributor

Name of the indicator Value or characteristic according to agricultural requirements
With a Without a According to
leveler-distributor leveler-distributor requirements

Working speed, km h~! 2.1 2.1 2.4

Depth of the share travel, |21.4 214 up to 25

cm

Losses of tubers, % 0.8 2.5 up to 3%

Damage to tubers by mass | 4.8 4.8 up to 7%

(weight), %

Number of the damaged
per 100 tubers, pcs.:

— the peel torn off from 1/4 | 2 2 -
to 1/2 of the surface

— the peel torn off more 0 0 -
than 1/2 of the surface

— the mass torn out more |2 2 -
than 5 mm

— cracks longer than 1 1 -
20 mm

— compressed tubers 2 2 -

— cut tubers 1 1 up to 1.5%

Strip width of the dug out | 110.0 58.0 -

tubers, cm
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Fig. 4 Graphical dependences of the degree of losses of the potato tubers L a and their damage D
b during digging by a potato digger (variant A) at the depth of the plough shares 4 at a working
speed V =2.1 ms': 1 — with a heap leveler-distributor; 2 — without a heap leveler-distributor

the soil is reduced, which leads to an increase in the efficiency of workers-potato
diggers. A rational mode of operation of the digger has been determined, which,
under these conditions, provides acceptable values for the losses and damage to the
tubers. At a speed of the aggregate 2.1 km h™! the labour efficiency was 0.29 hah™!.
To the quality of work, the experimental potato digger basically meets the agricultural
requirements (Table 2).

Figure 5 presents the results of studies of the degree of the loss of the potato

tubers, their damage and the purity of potatoes when dug up by a two-row potato
digger-loader.
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Table 2 Performance indicators of a two-row experimental potato digger-loader (variant B)

Name of the indicator Value of indicators

Without a leveler-distributor | With a leveler- distributor

Working speed of travel: km h™! 2.8...3.6 32..48

Digging depth, cm 19.3 19.3

Purity of potato cleaning, %:

— Tubers 85.8 974

— Free soil 2.2 0.9

— Soil clods (up to 50 mm in size) 11.8 1.7

— Vegetable admixtures 0.2 0

Completeness of collection of the

tubers, %:

— Collected in a container 98.6 99.4

— Left on the surface 1.4 0.6

— Total loss, % 1.4 0.6

kg 340 146

Damage to the potato tubers, %:

— Total 4.6 4.6

— Tubers cut by the plough shares 1.6 1.6

— Cracks on the tuber surface more 0.8 0.8
than 20 mm long

— Turn out crumbs, more than 5 mm | 2.2 2.2
deep

— Piece by piece (from 100 tubers) 6.0 6.0

When changing the depth of the plough shares h at a working speed V = 3.2 mes™!
from 17.9 to 20.7 cm, the loss L of potato tubers increases by 12—15%, and their
damage D decreases by 6-8%. A positive effect of the heap leveler-distributor on the
quality of the machine: the purity of tubers in the container reached 97.4% (without
the leveler-distributor it was 85.8%) at a digging depth h = 19.3 cm. That is, the use
of a leveler-distributor increases such an important indicator of the operation of the
potato harvester as the purity of tubers in the container by at least 10%.
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Fig. 5 Dependences of the degree of losses L of the potato tubers a, their damage D b and the purity
of potatoes C ¢ when digging by potato digger-loader (variant B), equipped with a new cleaner,

from the depth of digging h at a working speed V = 3.2 m s~!: 1 — with a heap leveler-distributor;
2 — without a heap leveler-distributor
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4 Conclusions

Inclusion of a heap leveler-distributor into the potato harvesters of the considered
design significantly improves the quality of potato harvesting.

The potato digger with a heap leveler-distributor, located above the supply
conveyor, when harvesting potatoes with a yield of 30.6 t h™!, reduces the
losses of tubers by 31%, when using a leveler-distributor, and 2.5% without a
leveler-distributor, while damage to the tubers was 4.8%.

Experimental digger-loader with a heap leveler-distributor ensures the complete-
ness of collection of the tubers — up to 99.4%, while the purity of the tubers in
the container is 97.4% (without the leveler-distributor — 85.8%) with an acceptable
damage to the tubers of 4.6%.
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