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ABSTRACT

The increased yield of onion sets through the use of high-yielding hybrids as seed material entails an
increase in weight and number of onion bulbs per one running meter. Consequently, the onion set heap
supply from the surface of modern harvesters digging over the separating working parts is also increased.
However, these harvesters do not ensure complete removal of soil impurities during onion set harvesting in
the traditional onion set production conditions. In this regard, it is necessary to carry out investigations to
identify areas on the surface of a chain digger with asymmetric vibrator arrangement and minimum value of
soil screening, as well as to develop recommendations and proposals for their improvement.

The paper describes a procedure and results of laboratory tests of a chain digger with asymmetric
vibrator arrangement to determine soil screening ability on its surface. It was found out that the greatest
value of the screened soil mass, regardless of the supply of soil impurities, was observed at the wave length
attenuation section of the loaded strand in the chain digger due to elliptical vibrator impact relevant to the
length of the chain digger L;; =1020 mm.

The paper provides the results of laboratory tests of a chain digger with asymmetric vibrator
arrangement and determines the length-width soil screening relationship.

PE3IOME

B ces3u ¢ ysenuyeHueMm ypoxaliHoCmu JlyKa-ceeka, 8 pe3yfibmame UCrofb308aHUs 8 Kayecmeae
CeMeHHO020 Mamepuarna 6bICOKOypoXxaliHbiX 2ubpudos rnpoucxodum yeesludeHUss Macchbl U Kosrudecmea
JIyKosuY, 1lyka-ceeka Ha 00HOM ro2oHHoOM mempe. CriedosamersibHO, ygenu4dueaemcs nodadya eopoxa siyKa-
ceska C rogepxHocmu rnookarnbi8arowUx Ha cenapupyroujue paboyue opaaHbl CO8PEMEHHbIX JTYKOYOOPOYHbIX
MalwuH, Komopbie He obecriequsarom rosIHomy 8bI0esIeHUs MOY8EHHbIX npumecel rnpu ybopKe fyka-ceeka 8
cospeMeHHbIX ycrosusix rpoudsodcmea Jlyka-ceeka. B ces3u ¢ amum, Heobxodumo nposedeHue
uccriedosaHuUll 10 B8bISIB/IEHUID Y4acmKO8 Ha [08ePXHOCMU [PYMKO8020 aJriegamopa C acuMMempuYHbIM
pacriofioxxeHuem ecmpsxueamernel C MUHUMarbHOU 8eslu4UHOU rpoceusaHusi rno4ebi U paspabomka
pexkomeHOayull u npednoxeHuli Mo Ux rnosbIWeHU!O.

OnucaHa memoduka npogedeHuUss U pe3ynbmambl f1abopamopHbIX uccredosaHul MpPymKo8ozo
aflegamopa C acuMMempUYHbIM PacrofioxeHueM ecmpsixusamenell no onpedesneHuo npocesaemocmu
roy4sbl Ha e20 ogepxXHocMu.

OnpedeneHo, 4mo Haubosnbwee 3Ha4YeHUe Macchbl MPOCESIHHOU r104Y8bl BHE 3asuUCUMOCMU Om
3Ha4yeHusi nodadyu no4yeeHHbIX rnpumecel Habnolaemcs Ha ydyacmke 3amyxaHusi OnuHbl 805HbI paboyel
8emaeu rpymkogozo aiegamopa om 8030elicmeus 3IUNMuUYecKo20 ecmpsixusameriss coomeemcmeyrowel
OnuHe npymkoeoeo srnesamopa Lg; =1020 mm.

B cmambe npusedeHbl pesynbmambl nabopamopHbix uccredosaHull rpymkKoeozo asfiesamopa C
acumMmMempuYHbIM PacriofioxXeHUeM ecmpsixugamernel u ornpedesieHa 3a8UCcCUMOCMb MpoceusaHusi MoYsb! Mo
OnuUHe U WUPUHE.
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INTRODUCTION

The continuing extensive investigations in the field of mechanized production technology of onion sets
(Aksenov A.G., Sibirev A.V., Emelianov P.A., 2018) do not solve the problems associated with poor design
of digging and separating parts of onion harvesters, as evidenced by the contents of the soil lumps
commensurable with bulbs in the heap being separated (Sibirev A.V., Aksenov A.G., Dorokhov A.S., 2018).
To intensify separation of the onion set heap, the separating surface of the chain digger (Tauseef Asghar M.,
Abdul Ghafoor, Anjum Munir, Muhammad Igbal, Manzoor Ahmad, 2014) is made with rods 2 located on
chains 1 (Fig 1).
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Fig. 1 — Separating chain digger
1 —chain; 2 - rod

The main purpose of rods 2 located on chains 1 is the destruction of soil lumps coming from the
digging part of the harvester. However, in addition to the process of destruction of the soil lumps themselves,
intensive force action of rods 2 on the root crops occurs, which increases the damage to the separated
products.

There is a known design of separating chain digger (Fig. 2), wherein a passive two-plate vibrator 4
located under the upper strand of the chain digger apron 3 intensifies the separation process (Natenadze N.,
2016).

Fig. 2 — Separating chain digger
1 - frame; 2 — draft; 3 — chain digger; 4 — two-plate vibrator; 5 — supporting roller; 6 — mounting bracket;
7 — intermediate bracket; 8 —wobbler shaft; 9 — digging shovel; 10 — shovel bracket

In addition, the front part of the chain digger apron from the side of digging shovel 9 oscillates in the
vertical plane when bracket 6 of digging shovel 9 acts on supporting roller 5, which provides additional force
to the soil layer, and thereby intensifies the process of separation of soil-vegetative impurities.
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The disadvantages of this known design of the chain digger include increased damage to root crops
during the transition from one cascade to another, and also the impossibility of dispersing a heap of onion
sets along the entire width of the conveyor.

Analysis of the mechanized harvest machinery suggests that the operating elements of the harvester
with different types of separation intensifiers do not provide quality indicators of root crops harvesting on
such indicators as the completeness of separation and damage to root crops (Aniket U. Dongre, Rahul
Battase, Sarthak Dudhale, Vipul R. Patil, Deepak Chavan, 2017).

This is because after digging the soil layer together with the bulbs, a significant amount of soil lumps
enters the separating working parts, which are difficult to separate on the working parts and are not always
subjected to dynamic destruction under the influence of different types of separation intensifiers (Farhadi R.,
Sakenian N., Azizi P., 2012). As a result, it causes damage to the bulbs due to the interaction with soil lumps
during transportation of the onion heap to post-harvest processing (Sibirev A.V., Aksenov A.G., Mosyakov
M.A., 2018). This circumstance is caused by unsatisfactory process of soil impurities screening on the most
widespread working part of primary separation — the chain digger (Natenadze N., 2016).

In this regard, it is necessary to conduct investigations to identify areas with a minimum value of soil
screening on the chain digger surface with an asymmetric vibrator arrangement, and to develop
recommendations and proposals for their improvement. The outcome of the research will make it possible to
design working parts of the devices for both primary and secondary separation at the known values of the
release of the onion heap from digging and separating working parts, as well as at known values of the
separation rate of the chain digger and its translational speed.

MATERIALS AND METHODS
Determination of the regularity of the soil impurities separation on a chain digger with an
asymmetrically installed elliptical digger and supporting roller, as in Patent No. 2638190 Russia, IPC A0l
D33/00. (Sibirev A.V., Aksenov A.G., Kolchin N.N., Ponomarev A.G., 2017) was performed on a laboratory
installation (Fig. 3, 4).
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Fig. 3 — Laboratory installation for determining the impact of the process parameters of the chain digger
on the quality of onion set heap separation
1 - frame; 2 — container for preliminary heap placement; 3 — chain digger; 4 — elliptical vibrator; 5— cylindrical roller; 6 — tarpaulin of
separated products; 7 — electric motor; 8 — single-stage gearbox; 9 — frequency converter; 10 — chain transmission; 11 — support posts;
12 — vibrator and support roller posts; 13 — connecting bracket; 14 — support plate; 15 — impurity collector
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Fig. 4 — Laboratory installation for determining the impact of the process parameters of the separating chain
digger on the quality of onion set heap separation
1 — frame; 2 — container for preliminary heap placement; 3 — chain digger; 4 — elliptical vibrator; 5 — supporting roller; 6 — tarpaulin of
separated products; 7 — electric motor; 8 — single-stage gearbox; 9 — frequency converter; 10 — chain transmission; 11 — support posts;
12 — vibrator posts; 13 — connecting bracket; 14 — support plate; 15 — impurity collector

The laboratory installation consists of a container 2 for the preliminary placement of a heap, a
separating chain digger 3 (working length 1.9 m and width 0.94 m) installed on support posts 11 of frame 1
(Sibirev A.V., Aksenov A.G., Mosyakov M.A., 2018).

Under chain digger apron 2, there are passive elliptical vibrators 4 and supporting rollers 5 with the
possibility of moving along frame 1 on the posts 12 by fixing the position of bracket 13 on frame 1 with the
bolted connection. The electric drive of chain digger 3 is carried out from the electric motor 7 of
asynchronous brand 4A180U3 GOST 1050-88 (N = 0.6 kW, n = 920/1,200 rpm) and frequency converter 9
Tecorp Group (N = 0.75 kW; Ugy = 220 V, Ugyr = 220 V) through single-stage gearbox 8 (models 1-TsU-
160-2-23) which are installed on base plate 14.

To determine the amount of soil screened through the slots of chain digger 2, under its surface, there
is an impurity collector 16, the diagram of which is presented in Figure 3.

The impurity collector (Fig. 5) represents a metal tray 1 with a length Ly and width By exceeding the
length Lg;, and width By, of the chain digger. This involves: L, =2040 mm, By =1020 mm.
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Fig. 5 — General view of the impurity collector
1 — metal tray; 2 — partition; 3 — cell

The surface of metal tray 1 is divided by partitions 2 along the length and width, forming cells 3 in
height Hy, with dimensions of 170 x 170 x 100 (mm).

Each cell that determines the location of soil screening on the chain digger surface has its own serial
number. The investigations to determine the regularity of the soil impurities separation (Sibirev A.V., Aksenov
A.G., Dorokhov A.S., 2018) on a chain digger with an asymmetric digger arrangement were carried out with
a minimum feed of onion sets Qy, = 10 kg/s, with an increase in the limit value Qy, = 50 kg/s and a variation
interval of 10 kg/s for different values of the translational vy, speed of the chain digger and the interaxial S
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distance between passive elliptical vibrator 4 and supporting roller 5. The lower limit of the range of
translational speed variation v, was 1.4 m/s and then changed in 0.2 m/s increments to a limiting value of
1.8 m/s. An elliptical vibrator was installed at a distance of 350 mm from the rotation axis of the chain digger
barrel. Interaxial Ss distance between the passive elliptical vibrator and the supporting roller was set equal to
0.4 m in accordance with the results of the laboratory tests, ensuring, at a given quantitative value of the
process parameter, the maximum separation completeness. The procedure of investigations was as follows.

A soil sample with a certain weight and moisture was placed on the surface of container 2 for the
preliminary heap placement. The required soil moisture for the investigations was provided by superficial
watering of the soil sample, then, it was maintained for several hours to achieve the required humidity in
accordance with the research plan. An impurity collector was installed under the apron of chain digger 3.

The optimal values of the translational v, speed of the chain digger and the interaxial Ss distance
between passive elliptical vibrator 4 and supporting roll 5 were set, in accordance with the results of the
laboratory tests.

Fig. 6 — Electronic desktop scales MK-15.2-A21
1 — a glass bulb; 2 — electronic table scales

Then, frequency converter 9 and electric motor 7 were successively turned on.

In the steady regime of the apron movement of chain digger 3, a soil impurity sample was fed from container
2 for the preliminary heap placement. After soil impurities passing through the separating surface of chain
digger 2, electric motor 7 was switched off at the investigated value of the Qy,, supply of soil impurities.

Further from each cell of impurity collector 16, soil was extracted and weighed on scales of the MK-
15.2-A21 model (Fig. 6).

Based on the results of weighing the screened soil taken from each cell of the impurity collector that
passed through the slit openings of the chain digger, the dependence of the mass of the screened soll
impurities of soil Kp along the length Lg; and width Bg;, of the chain digger was determined, i.e.:

f(Kp) = Qvp, VgL = const; S = const. )

In addition, the separation coefficient K. of soil impurities was determined on the chain digger with an
asymmetric vibrator arrangement along its length Lg; and width B :

Ko = —=—-100% 2)

MCONST
where mp — is the mass of screened soil impurities (in the impurity collector), kg;

meonst — IS the mass of incoming soil impurities, kg.

The research results were recorded in the observation log.

Further, the studied factors were changed and the experiment was repeated in accordance with the
chosen research plan.

The experiments repetition during the research of the influence of the chain digger process
parameters with an asymmetric vibrator arrangement on the size of the soil screening ability is fivefold.

RESULTS

The results of the conducted research were recorded in the observations log and are presented in
Tables 1-4.
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Table 1

Results of research to determine the mass of screened soil impurities of soil Kp along the chain digger surface
at Qyp =10 kg/s, vg, =1.6 m/s, S5 =0.4 m

C_haln Chain Digger Length Lg, mm Total,
Digger
Width 170 | 340 | 510 | 680 | 850 | 1,020 | 1,190 | 1,360 | 1,530 | 1,700 | 1,870 | 2,040 kg
VEL’ mm
170 0.03 | 0.04 | 0.13 | 0.5 | 0.13 | 0.16 0.06 0.07 0.08 0.09 0.1 0.08
340 0.05 | 0.07 | 0.15 | 0.18 | 0.15 | 0.17 0.07 0.07 0.07 0.06 0.06 0.05
510 0.06 | 0.07 | 0.24 | 0.25 | 0.32 | 0.28 0.16 0.15 0.14 0.14 0.13 0.12 9.93
680 0.07 | 0.08 | 0.26 | 0.28 | 0.33 | 0.29 0.16 0.15 0.13 0.12 0.11 0.09
850 0.06 | 0.08 | 0.25 | 0.27 | 0.33 | 0.29 0.15 0.14 0.13 0.12 0.11 0.1
1020 0.05 | 0.06 | 0.18 | 0.2 | 0.21 0.2 0.13 0.12 0.11 0.09 0.08 0.07
Table 2

Results of research to determine the mass of screened soil impurities of soil Kp along the chain digger surface
at QVp =20 kg/s, VEL =1.6 m/s, Ss =0.4m

Chain Chain Digger Length Lg, mm
Digger 99 9th LeL Total,
Width 170 340 510 680 850 | 1,020 | 1,190 | 1,360 | 1,530 | 1,700 | 1,870 | 2,040 kg
VgL, mm
170 0.08 | 0.11 | 0.23 | 0.35 | 0.43 0.36 0.09 0.11 0.11 0.12 0.1 0.09
340 0.08 0.1 0.23 | 0.36 | 0.42 0.37 0.12 0.13 0.12 0.11 0.09 0.09
510 0.11 | 0.15 | 0.38 | 0.59 | 0.68 0.64 0.28 0.26 0.23 0.21 0.18 0.15 19.68
680 0.11 | 0.15 | 041 | 0.64 | 0.71 0.75 0.3 0.27 0.24 0.22 0.21 0.17
850 0.12 | 0.14 | 0.48 | 0.57 | 0.68 0.69 0.28 0.26 0.21 0.19 0.18 0.16
1,020 0.11 | 0.15 | 0.38 | 0.43 | 0.52 0.54 0.24 0.23 0.21 0.22 0.13 0.12
Table 3

Results of research to determine the mass of screened soil impurities of soil Kp along the chain digger surface
at Qyp =30 kg/s, vg, =1.6 m/s, S5 =0.4 m

C_haln Chain Digger Length Lg, mm Total,
Digger
Width 170 | 340 | 510 | 680 | 850 | 1,020 | 1,190 | 1,360 | 1,530 | 1,700 | 1,870 | 2,040 kg
VEL! mm
170 0.09 | 0.11 | 046 | 0.57 | 0.68 | 0.75 0.21 0.18 0.15 0.11 0.12 0.1
340 0.09 | 0.12 | 0.58 | 0.65 | 0.71 | 0.84 0.28 0.25 0.22 0.15 0.14 0.12
510 0.11 | 012 | 0.71 | 0.78 | 0.83 | 0.93 0.31 0.27 0.24 0.17 0.16 0.15 20.16
680 0.11 | 0.15 | 0.78 | 0.88 | 0.97 | 0.92 0.46 0.39 0.38 0.36 0.32 0.26
850 0.1 | 014 | 0.79 | 0.87 | 0.94 | 0.92 0.45 0.37 0.35 0.33 0.32 0.28
1,020 01 | 011 | 076 | 0.79 | 0.88 | 0.96 0.31 0.28 0.23 0.16 0.15 0.13
Table 4

Results of research to determine the mass of screened soil impurities of soil Kp along the chain digger surface
at va =40 kg/S, VEL =1.6 m/s, SS =0.4m

Chain Chain Digger Length Lg, mm
Digger Total,
Width 170 | 340 | 510 | 680 | 850 | 1,020 | 1,190 | 1,360 | 1,530 | 1,700 | 1,870 | 2,040 kg
VgL, mm
170 0.11 | 0.12 | 0.87 | 0.96 | 0.98 | 158 0.29 0.25 0.23 0.19 0.17 0.12
340 0.11 | 0.13 | 0.89 | 0.94 | 1.02 | 1.43 0.31 0.28 0.25 0.21 0.18 0.13
510 0.12 | 0.14 | 0.88 | 0.98 | 1.32 | 1.76 0.37 0.35 0.28 0.26 0.23 0.15 38.56
680 0.12 | 0.14 | 096 | 1.12 | 1.38 | 1.68 0.38 0.37 0.29 0.28 0.24 0.16 '
850 0.12 | 014 | 087 | 1.07 | 1.37 | 164 0.36 0.36 0.27 0.25 0.25 0.17
1,020 0.11 | 013 | 0.88 | 094 | 092 | 121 0.43 0.38 0.32 0.28 0.21 0.17
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Graphical display of the investigation results to determine the pattern of soil impurities separation is

shown in Figures 7-10.
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Fig. 7 — Dependence of soil screening along the length and width of the chain digger with an asymmetric
vibrator arrangement at Qy, =10 kg/s, vg, =1.6 m/s, S5 =0.4 m
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Fig. 8 — Dependence of soil screening along the length and width of the chain digger with an asymmetric
vibrator arrangement at Qy, =20 kg/s, vg, =1.6 m/s, S5 =0.4 m
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Fig. 9 — Dependence of soil screening along the length and width of the chain digger with an asymmetric
vibrator arrangement at Qy, =30 kg/s, vg, =1.6 m/s, S5 =0.4 m
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Fig. 10 — Dependence of soil screening along the length and width of the chain digger with an asymmetric
vibrator arrangement at Qy, =40 kg/s, vg, =1.6 m/s, S5 =0.4 m
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Using the presented graphical dependencies, it is possible to determine the mass of screened soll
impurities through the slots of the chain digger with the asymmetric vibrator arrangement during feed change
of Qg soil impurities with constant values of process parameters vg; = const; S5 = const.

For this, after determining the appropriate area along the length of the chain digger, it is necessary to
draw a straight line parallel to the y-axis, before crossing with the graph.

The variable length of the chain digger is indicated along the x-axis, along the y-axis—the mass of
screened soil impurities.

The presented graphical dependencies show that the soil screening intensity on the chain digger with
an asymmetric vibrator arrangement is provided with an increase in the soil impurities supply from 10 to 40
kg/s.

This circumstance is explained by the fact that when a soil impurities mass moves along the chain
digger surface, there occurs the process of wedging of large particles in the soil mass.

Since in the soil sample of a larger mass there is a content of large soil particles exceeding their
presence in a sample of a lesser mass, the soil particles screening occurs more intensively with an increase
in the soil impurities supply to the chain digger surface.

And the greatest value of the K, screened soil mass, regardless of the supply of soil impurities, is
observed at the attenuation section of the wave length of the chain digger loaded strand from the action of
an elliptical vibrator corresponding to the chain digger length Lg;, =1020 mm.

With further movement of the soil mass along the chain digger length, there is a decrease in the
intensity of soil impurities screening as a result of the attenuation of the wave length of the chain digger
loaded strand from the action of an elliptical vibrator.

CONCLUSIONS

The investigation results show that most of the soil impurities are screened at the section of vibrators
forming the vibrating wavelength, which during the research was established in the range of values S; =
0.4 m.

The results obtained will allow an intensified separation of root crops and bulbs from soil impurities by
the optimal vibrator arrangement along the chain digger length at known values of maximum soil impurity
penetration.

The results of the experiments indicate a high intensity of soil screening in the area of the chain digger
with the vibrator arrangement.
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