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Modern agriculture pays significant attention to the efficient use of plant raw materials for obtaining
high-quality seed material and feed products. One of the promising crops in this regard is fodder pumpkin,
whose seeds are used for oil production, while the pulp and other residues serve as valuable animal feed.
However, the effective extraction of seeds and separation of waste require specialized technical solutions.
Therefore, the development and improvement of equipment for the mechanized cleaning and sorting of fodder
pumpkin seeds is a relevant area of scientific research. The extraction of pumpkin seeds consists of three main
operations: fruit destruction, separation of seeds from the placenta and pulp, and removal of seeds from the
crushed pulp mass. The primary energy expenditures in the seed extraction process are associated with the
separation stage. It is known that pumpkin fruits contain only 2.5-4.0% seeds by total mass, necessitating the
processing of a significant amount of raw material. A new design of a cleaner-separator for fodder pumpkin
fruits has been proposed, incorporating a system of rollers with rubber edges, which effectively capture,
transport, and clean the seeds. The use of pentagonal rollers with varying elasticity ensures optimal cleaning
parameters, reduces seed losses, and improves seed quality. Research on the impact of roller rotation
frequency has shown that the optimal range is 200-300 rpm. At this speed, the best balance is achieved
between seed cleaning efficiency, minimal seed damage, and contamination levels. The results of experimental
studies confirmed the effectiveness of the proposed design. It was found that for optimal cleaning performance,
the roller elasticity should be within the range of 1.2—2.2 MPa. Additionally, it was established that the overlap
between the rollers is not a decisive factor in cleaning quality, but a 1-3 mm overlap is recommended to
increase the durability of the mechanism. The obtained results can be applied in the development of new
technological solutions for pumpkin seed cleaning and separation, contributing to improved efficiency in its
cultivation and processing in the agricultural sector.
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Eq. 11. Fig. 9. Ref. 17.

1. Problem formulation

Modern agriculture places significant emphasis on the efficient use of plant raw materials to obtain
both high-quality seed material [1, 2] and feed products [3, 4]. One of the promising crops in this regard is
fodder pumpkin [5, 6], whose seeds are used for oil production [7], while the pulp and other residues serve as
valuable animal feed [8]. However, the efficient extraction of seeds and separation of waste require specialized
technical solutions. Therefore, the development and improvement of equipment for the mechanized cleaning
and sorting of fodder pumpkin seeds is a relevant area of scientific research.

The production of high-quality fodder pumpkin seeds and the efficient use of its residues in animal
husbandry are important tasks for the agricultural sector [9]. The use of modern cleaner-separators improves

® RESULTS OF EXPERIMENTAL STUDIES ON THE CLEANER-SEPARATOR FOR FODDER PUMPKIN
SEEDS © 2025 by Hennadii TESLIUK, Volodymyr GOVORUKHA, Olena ZOLOTOVSKA, Oleksandr KOBETS,
Serhiy SOKOL is licensed under CC BY 4.0

55



http://tetapk.vsau.org/en/particles/results-of-experimental-studies-on-the-cleaner-separator-for-fodder-pumpkin-seeds
http://tetapk.vsau.org/en/particles/results-of-experimental-studies-on-the-cleaner-separator-for-fodder-pumpkin-seeds
http://tetapk.vsau.org/
http://tetapk.vsau.org/
https://creativecommons.org/licenses/by/4.0/?ref=chooser-v1

Ne 1 (128)/2025 TeXHiKa, C€HEPreTHuKa,

% TpaHcnopT AIIK
E ~ Vol. 128, Ne 1 /2025

the quality of seed material, reduces losses during seed extraction, and ensures the rational use of pumpkin
biomass as livestock feed. The implementation of innovative technologies in the separation process enhances
equipment productivity and reduces energy consumption [10, 11].

2. Analysis of recent research and publications

During the extraction of pumpkin seeds, the most complex operation is their separation from the fruit.
This process determines the technological workflow and influences the subsequent seed cleaning method. Low
seed separation purity necessitates additional cleaning, followed by drying and sorting. It is also known that
pumpkin fruits contain only 2.5-4.0% seeds by total mass, requiring the processing of large volumes of fruit,
which are generally characterized by high mechanical strength (e.g., pumpkins, squash, cucumbers, etc.). As
a result, the majority of energy consumption in seed production is spent on the separation process.

Long-term experience in pumpkin seed extraction has shown that this process consists of three main
operations [12, 13]:

— destruction of the fruit;

— separation of seeds from the placenta and pulp;

— removal of seeds from the crushed pulp mass.

Seed separators have been classified according to three main characteristics [14]:

— the type of fruit crushing;

— the principle of seed extraction;

— the design of the working unit for separating seeds from the pulp.

The classification is based on fruit crushing methods, including cutting, impact, and compression. Each
method requires corresponding working units (knives, knife or pin drums) [15].

In single-drum crushers, a pin drum was used to crush the fruit by impact to maximize seed release
from the placenta. In modern separators, the pin drum is used for preliminary fruit crushing, during which
seeds are only partially separated from the fruit. Additionally, it facilitates the further transfer of the mass to
the beater drum, which completes the process of breaking the connections between the seeds and the pulp [16].

Practical experience with existing seed separators indicates that seed separation from the pulp occurs
not only due to the direct action of dedicated mechanisms but also through operations such as separation and
rubbing [17]. This provides a basis for further improvement of both the technology and design of fodder
pumpkin seed separators.

3. The purpose of the article

Therefore, experimental studies of the effectiveness of a cleaner-separator for fodder pumpkin fruits
are of great importance for increasing the economic feasibility of its cultivation and processing.

4. Results and discussion

The developed cleaner-separator for fodder pumpkin fruits includes a channel formed by two counter-
rotating rollers (Fig. 1). Each roller is designed as a polygonal structure, consisting of a shaft with coaxially
inserted supports. The body of the rollers (3) is made using a rubber casting method. The number of edges on
the rollers is the same. The edges are positioned on the rollers with a surface offset relative to each other by an

angle of m/n, where n is the number of edges on the roller.
4 c

7

Fig. 1. Structural and Technological Diagram of the Cleaner-Separator for Fodder Pumpkin Fruits:
1 —shaft; 2 — support; 3 —roller body; 4 — rollers (beater block); 5 — loading device; 6 — pulp tray;
7 —hopper for cleaned seeds
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The casting of rollers from rubber allows them to be installed with overlapping trajectories of
circumferential points. As a result, an interlocking angle a appears in the channel formed by the rollers,
periodically varying from its maximum value to zero. Initially, the interlocking angle significantly exceeds
twice the friction angle of the mass on rubber, causing the mixture to settle at the bottom of the channel. This
mechanism ensures that plant residues are drawn into the channel and trapped between the rollers. As the
interlocking angle decreases, the seeds are expelled from the channel, while the plant residues pass under the
working surfaces.

The roller edge does not compress due to the presence of a support. Each face has elasticity, determined
by the mechanical properties of rubber. As a result, when entering contact, the edge compresses the body of
the face, and upon exiting contact, the face returns to its original shape. This abrupt curvature change leads to
intense shaking and self-cleaning of the surface from adhered dirt.

Since the design allows for adjusting the center-to-center distance L, and consequently the overlap
magnitude, the initial capture angle and belt tension—and thus its elasticity—can be varied. This elasticity
affects the gripping force on plant residues and the intensity of shaking when the face disengages from the
edge of the adjacent roller.

A significant advantage of the new design is that, unlike traditional round rollers used in cleaners, the
proposed design increases the contact area due to the straight sections of the faces entering contact. Combined
with the elastic surface, this reduces the likelihood of seed damage during cleaning.

The cleaner-separator for fodder pumpkin fruits operates as follows (Fig. 1). The loading device
delivers a mixture of pulp and seeds into the channel formed by the rollers (flow B). At the moment when the
interlocking angle significantly exceeds the friction angle of the pulp-seed mixture on rubber, the mixture
moves to the bottom of the channel. The fruit rind has a much smaller thickness and is flatter, which allows it
to be gripped by the rollers, clamped, and transported toward the tray (flow D). As the interlocking angle
decreases, the seeds are expelled from the channel and remain on the roller surface until the next opening of
the interlocking angle. This cycle repeats. Due to the inclination angle of the beater block, the seeds gradually
move toward the hopper (flow C).

During the research, a full-scale model of the cleaner-separator was used. The working material was a
natural mixture of seeds and pulp.

The experimental setup (Fig. 2) consists of a frame, on which the rollers are mounted in bearing
supports.

Fig. 2. General View of the Experimental Sample of the Working Elements of the Cleaner-
Separator for Fodder Pumpkin Fruits: 1 — frame; 2 — bearing supports; 3 — rollers; 4 — loading hopper;
5 — electric motor; 6 — gearbox; 7 — conveyor drive

The rollers are positioned in such a way that the working field of the cleaner-separator has a tilt of 15—
20° to ensure material discharge from the surface.

The central roller receives rotational torque from the electric motor through the gearbox, while the
other rollers are driven by friction forces. A conveyor is installed for waste separation.

The work was carried out in the following sequence. The fodder pumpkin was cut open, its internal
contents were removed, weighed, and its mechanical and technological properties were determined. The
required rotational speed was set using the gearbox, and the drive mechanism was activated. The seed box of
the cleaner-separator was manually filled with the seed mixture, the system was turned on, and the time
required for complete cleaning was measured. The drive mechanism was activated, the cleaned seeds were
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collected, and their weight was measured. The ratio of the cleaned seed mass to the total mass of the internal
contents provided the percentage of seeds in the mixture.

Subsequently, the waste was weighed. The ratio of waste mass to the mass of cleaned seeds determined
the contamination percentage.

Damaged seeds were separated from the cleaned ones based on visual inspection, the total number of
seeds was counted, and the percentage of damaged seeds was calculated.

For the research, three groups of five-sided rollers with different elasticity levels were manufactured.
The elasticity was adjusted by creating cavities of various diameters inside the roller body (Figure 3).

Fig. 3. Diagram of Cavity Formation in the Roller Body

This solution is acceptable as it allows for maintaining the composition of the rubber in the roller.
Therefore, the experiments were conducted under identical conditions with regard to the quality of the working
surfaces.

The developed cleaner is intended for final (finish) cleaning of the mixture, so the mixture fed to the
rollers had undergone preliminary cleaning. As shown by the analysis of factory test protocols for serial
machines, the degree of final contamination is 25-35% by weight. Therefore, this level of contamination was
used in the experiment.

The moisture content of the mixture was not considered, as observations showed that the process
occurs almost in a water environment.

Experimental data show that when the elasticity of the rollers exceeds 2.1 MPa, the performance
quality indicators remain virtually unchanged.

The analysis of the obtained data indicates that, regardless of the rubber's elasticity, to ensure the least
contamination of the seeds, the optimal rotation frequency of the cleaner-separator for pumpkin fruit should
be 200-300 rpm (Fig. 4).

At rotation frequencies lower than 200 rpm, the contamination of pumpkin seeds worsens. This trend
persists regardless of the elasticity of the roller material.

When the rotation frequency exceeds 300 rpm, the seed cleaning quality deteriorates only when using
rollers with lower elasticity (Fig. 4). For rollers with higher elasticity, this indicator (as well as the seed quality)
remains almost stable (Fig. 4). Furthermore, when n > 300 rpm, the seed loss with the waste and its slight
damage (small cracks) during cleaning with rollers of higher elasticity tends to decrease. However, the amount
of completely damaged seeds sharply increases (Fig. 5). Based on this, the rotation frequency of the cleaner-
separator rollers should be kept in the range of 200-300 rpm.

It should be noted that in terms of the absolute contamination level, the best performance is achieved
with rollers of lower elasticity. For example, at a value of 1.2 MPa, the lowest contamination is approximately
3% (Fig. 4), while at 2.1 MPa, it is almost 7 times higher (Fig. 5).

At rotation frequencies of 200-300 rpm, rollers with lower elasticity show better performance: higher
seed quality, fewer losses, and less damage. The best performance is achieved with rollers having elasticity in
the range of 1.2-2.2 MPa (Fig. 6).
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Fig.4. Quality performance indicators of the cleaner-separator for pumpkin fruits (roller
elasticity — 1.2 MPa): A — conditionable seeds; o — small cracks; o — damaged without embryo injury;
A — fully damaged; ® — lost with waste; ¢ — contamination
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Fig.5. Quality performance indicators of the cleaner-separator for pumpkin fruits (roller
elasticity — 2.1 MPa): A — conditionable seeds; o — small cracks; o —damaged without embryo injury;
A — fully damaged; ® — |0st with waste; O — contamination
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Fig.6. Dependence of roller group performance indicators on rubber elasticity:

A — conditionable seeds; o — small cracks; o — damaged without embryo injury;
A — fully damaged; e — lost with waste; O — contamination

The dependencies mentioned above were obtained with the minimum overlap of the described and
inscribed circle of the rollers A = 0-0.5 mm (Figure 7)
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Fig.7. Diagram for determining the overlap magnitude A

Figure 8 shows the results of the study on the impact of the overlap magnitude on the main performance
indicators under optimal values of elasticity and rotation frequency. As the analysis of the presented
dependencies shows, the effect of the overlap magnitude is not decisive. Therefore, to increase the service life
of the unit and reduce energy consumption, it is recommended to set A = 1-3 mm.

P %

9% \ N\

% s§ |
ANE e
% ‘
0

Q

7 2 3 4 5 4, mm
Fig.8. Influence of the overlap magnitude A on the content of fully conditioned seed at the output
of the cleaner: rotation frequency n = 200 min™; elasticity 2.1 MPa

However, the analysis of the conditions for the production of rollers shows that such overlap requires
increased precision in formation, which significantly increases the manufacturing cost. Therefore, during the
development of the unit for field trials, we focused on an overlap magnitude of 3 mm.

The rotational moment of the roller group is cyclical, and a significant portion of it is spent on the
deformation of the rubber. Returning to the calculation diagram, the transition from position | to position Il is
accompanied by energy consumption for deformation, while the transition from position Il to position IlI,
conversely, releases the energy accumulated by the rubber and returns it to the transmission, where it is spent
on rotating the rollers. Part of the energy dissipates in the process. As a result, energy consumption
measurements using traditional methods will not provide a fully objective picture. Therefore, we determined
the energy consumption through the rotational moment using the following scheme — Figure 9.

The experiment was conducted with respect to one pair of rollers (others were removed) and proceeded
as follows: a square tip was installed on one of the rollers, and a dynamometric wrench was attached to it. The
rollers were rotated with the dynamometric wrench, and the readings of the dynamometer were recorded
depending on the angle of rotation ¢. The results of the measurements are presented in Figure 9, b.
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Fig.9. Diagram for determining the rotational moment (a) and research results (b):
1 —roller; 2 — square tip; 3 — dynamometric wrench;
m —overlap 0 =0; A —overlap 6 = 1 mm; ® —overlap 6 =3 mm

From Figure 9 (a), we can see that the maximum torque is 31.5 N-m, the minimum is 16.2 N-m, and
the average is 23.8 N-m.
At an angular speed of rotation of the rollers ® = 200-3.14/30 = 21 s, we have the following required
power values:
e maximum-—31.5-21 =660 W =0.66 kW;
e minimum-16.2-21 =0.34 kW;
e average —23.8-:21 =0.50 kW.

5. Conclusion

It was established that to ensure the lowest seed contamination of pumpkin, the optimal rotational
speed of the separator-cleaner rollers should be in the range of 200-300 rpm. Outside this range, the seed
contamination rate worsens, and this trend remains unchanged regardless of the elasticity of the roller material.

At rotation speeds of 200-300 rpm, rollers with lower elasticity ensure higher seed quality, fewer
losses, and less damage. To maintain the required quality of operation, the optimal value of this parameter
should be in the range of 1.2-2.2 MPa, and the absolute deformation of the roller should not exceed 3 mm.
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PE3YJIbTATHU EKCIIEPUMEHTAJIBHUX JOCJII)KEHDb OUYNCHUKA-CEITAPATOPA
IJ101B KOPMOBOT'O I'APBY3A

CyuacHe cinvcbke 20cno0apcmeo NPuoinae 3HA4Hy y6azy eqheKmueHOMY BUKOPUCTAHHIO POCTUHHOT
CUPOBUHU OlA OMPUMAHHA SAKICHO20 HACIHHEBO20 Mamepiany ma Kopmosux npooykmie. OOHicio 3
NEPCREKMUBHUX KYTIbINYD Y YbOMY HANPAMKY € KOPMOGUll 2apby3, HACIHHA AKO20 GUKOPUCMOGYEMbCA ONisl
8UpPOOHUYMEa ONil, a M'aKomb ma iHwi 8i0X00uU — AK YinHuil Kopm 014 meapur. OOHax egpexmugne 6UOLIeH s
HACiHHA ma cenapayis 6i0x0die nompedyioms cneyianohux mexuivnux piwens. Came momy pospobka ma
600CKOHANICHHA 00NAOHANHS OISl MEXAHIZ08AHO20 OYUWEHHS MA COPMYBAHHS HACIHHA KOPMOBO20 2apOy3a €
AKMYATbHUM HANPAMOM HAYKOBUX 00CHIOdHCeHb. Budinenns nacinns eapby3a cknaoaemocs 3 mpbox 0CHOGHUX
onepayill: pyuHy8anus niood, 6i00KpemMaeHHs HACIHHA 6i0 NaayeHmu i M SKOMi, @ MAK0IHC 6UOLIeHHS HACIHHSL
610 noopidnenoi mes2u. OCHOGHA YACMUNA eHePeTNUYHUX GUMPAM Y NPOYeCi OMPUMAHHA HACIHHA NPUNAoae
came Ha 1020 6i0oKpemneHHs. Bioomo, wo y niodax ezapbyza micmumocsa auuwe 2,5-4,0 % wnacinus 6io
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3A2aNbHOI MACU, WO 3YMOBIIOE He0OXIOHICMb nepepobKU 3HAUHO20 00CA2y CUPOBUHU. 3aNpPONOHOBAHO HOBY
KOHCMPYKYII0 OUUCHUKA-Cenapamopa niooié KOpmogozo 2ap0y3d, AKA KII0UAE CUCTEMY BATIbYIB i3 2yMOSUMU
2PAMAMU, WO O0380ISE ePEKMUBHO 3AXONTIO8AMU, MPAHCNOPMYSAU MA OYUWAMU HACIHHA. Bukopucmanns
1 AMUSPAHHUX 8ATbYIE 13 PI3HOI0 NPYICHICMIO 3abe3neyye OnmuMdanbHi napamempu O4UeHs, 3MeHUYeE
8Mpamu HACIHHA Ma NOKPAWye 1020 KOHOUYiuHicms. JoCnioxceHHs niugy 4acmomu obepmanHs 8aibyie
NOKA3AMU, WO ONMUMATbHUMU € 3HaueHHs Y dianazoni 200-300 xe™. Ilpu maxiti weuoxocmi 3abe3neuyemucs
Hatikpauje Cnie8IOHOUEHHS MIJIC CMYNEeHeM OYUWEHHS HACTHHI, MIHIMI3AYier0 11020 MPAGMYSAHHs MA PIGHeM
s3acmivenocmi. Peszynemamu excnepumeHmanbHux 00cniodxceHb niomeepounu epexmugHicmes UKOPUCTAHHSL
3aNpPONOHOBAHOI KOHCMPYKYIL. BuseneHo, wo 012 HAUKpAWUx NOKA3HUKIE OUUUEHHS ONMUMANIbHOIO €
npysicHicms ganvyig y mexcax 1,2—2,2 MIla. Kpim mozo, 6cmanosieno, wo 6eiuyuna nepexpumms Minxic
BANLYAMU HE € BUSHAYANLHUM (DAKmMopom AKOCMI O4YUUjeHHs, OOHAK O NIOBUWEHHS CHMPOKY CHyHCOU
MEXAHI3MY DeKOMEeHO08aHO 3HaueHHs [—3 mm. Ompumani pe3yromamu MOXCYMb OYmMu 6UKOPUCMAHI NpU
PO3pOOYI HOBUX TEXHONOSIYHUX pilleHb ONisl OYUWEHH ma cenapayii Haciuua eapOy3a, wo chnpusmume
niOBUWEHHIO ePEeKMUBHOCII TI020 BUPOWLYEAHHS Ma NEPepOOKU 68 AZPAPHOMY CEKMOPI.

Knrouoei cnosa: 2apbys, mesea, ouuwjeHHs, cenapayis, HACIHHA, 8i0X00U, KOPMA, OOCHIONMCEHHS,
napamempu, oONaAOHAHHA, eheKMUBHICIb
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