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0. Gorbenko The article investigates the impact of design parameters of grain combine harvester drives on the productivity,

E-mail: efficiency, and quality of corn grain harvesting. Considering current requirements for agrotechnological processes,
oleksandr.gorbenko@pdaueduua  Particular attention is paid to the type of power transmission, gear ratio, adaptability of control systems, and energy
efficiency of the drives. The research was conducted under field test conditions using modified models of combine
harvesters equipped with different types of drive systems: mechanical, hydraulic, and adaptive hydraulic. The
conducted analysis proves that the design parameters of the drive system significantly influence the technical and
operational performance during corn harvesting. Specifically, parameters such as transmission type, gear ratio,
adaptability, and energy efficiency determine the operational stability, grain loss rate, fuel consumption, and the
quality of grain cleaning. The study results showed that the most effective system is the adaptive hydraulic drive,
which ensures productivity of 33.2 t/h, minimizes grain losses to 0.6%, and reduces specific fuel consumption to
1.5 L/t. Mathematical analysis revealed a high degree of correlation between productivity and grain losses, cleaning
quality, and energy consumption, confirming the advisability of improving drives in the direction of flexible mode
regulation. The scientific novelty of the work lies in identifying a quantitative relationship between the drive type
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and the combine's comprehensive efficiency indicators, justifying the implementation of adaptive hydraulic systems
in harvesting machinery. The practical significance of the study lies in the possibility of applying the obtained results
for modernizing the existing fleet of machines and developing new technical solutions aimed at increasing
productivity and reducing energy consumption in the grain harvesting process. The obtained results can serve as a
basis for improving the existing designs of grain harvesters and for developing new adaptive drive systems that meet
energy-saving, reliability, and high-quality technological process requirements.
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BruiuB KOHCTPYKTHBHHMX NapaMeTpiB NPUBOAY KOMOAaiiHA HA MPOAYKTUBHICTH 30UPaHHSI
3epHa KYKypyA3H

J. B. XBoctenko | O. B. 'opOeHko

TTonTaBcbKuii NepKaBHHt VY crarTi JOCTIIKEHO BIUIMB KOHCTPYKTUBHHX IapaMeTpiB IPHUBOAIB 3epHO3OUPAIBHIX KOMOAITHIB Ha IPOLYK-

arpapHHii yHiBepCHTET, THBHICTb, €()EKTHBHICTb Ta AKICTh 30MpaHHA 3epHA KyKypy3u. BpaxoByrouu cydacHi BUMOTH [0 arpOTEXHIYHOTO

. Honrasa, Ykpaina porecy, 0co0IMBa yBara NPUAUIIETHCS THITY EPeJaBaHHs CHEprii, IepeIaTOYHOMY YHCITY, aJalITHBHOCTI CHCTEM
KEepyBaHHS Ta eHeproe()eKTUBHOCTI MPHUBOIIB. JlOCIIPKEHHS IPOBOAMIOCS B YMOBAX IMOJbOBHX BUIPOOYBaHb i3
BHUKOPHCTaHHSIM MOAM(DIKOBAaHUX MoJeiell KOMOaiiHiB, OCHAIIEHUX PI3SHUMH THIIaMHU HPUBOIAHUX CHCTEM: Me-
XaHIYHUM, TiZIPaBIiYHUM Ta aJAITUBHUM TifpaBiniyHuM. [IpoBeeHni aHai3 JOBOANTb, 110 KOHCTPYKTUBHI Hapa-
METpH NPUBOJHOI CHCTEMH 3epHO30MPaIbHOr0 KOMOaiHa MAIOTh CyTTEBHI BIUIMB Ha TEXHIKO-SKCILTyaTaL[iliHi 0-
Ka3HHKH IIpU 30MpaHHi 3epHa KyKypyI3u. 30KpeMa, IapaMeTpy THILy IepeaBaHHs, IepelaTOuHOro Yncia, aaam-
THUBHOCTI Ta eHeproe()eKTHBHOCTI BU3HAYAIOTH CTAOUIBHICTH POOOTH, PIBEHBb BTpAT 3epHA, BUTPATH IAJIBHOTO Ta
SKICTh OUHINEHHS NMPOAYKIii. Pe3ynpraTy 10CIiKEHb 3aCBITUIIN, 0 HAHOLIBII e()EeKTUBHOIO € CHCTEMA 3 ajiarl-
TUBHUM TiJIpaBIiYHEM IIPUBOJOM, sIKa J03BOJISIE 3a0€3MEUNTH NPOIYKTHBHICTE Ha piBHI 33,2 T/roj, MiHIMI3yBaTH
BTpatH 10 0,6 % i 3MEHIIMTH NMTOMI BUTPATH MaJIbHOro 10 1,5 1/T. MateMaTHYHUIA aHa1i3 BUSIBUB BUCOKHUIA CTYIiHb
KOpeJIALii MiXK IPOIYKTHBHICTIO 1 BTpaTaMH 3€pHa, SIKICTIO OYHILCHHS Ta BUTPATAMH SHEPTii, 0 MiATBEPKYE 10-
LUIBHICTh BIOCKOHAJICHHS MIPUBO/IB y HANIPSIMKY T'HYYKOT'O PETYJIIOBAHHS PeKUMIB poOoTu. HaykoBa HOBHM3HA po-
0OTH HOJISTAE Y BUSIBJICHHI KUIbKICHOT 3aJI€)KHOCTI Mi>K TUIIOM IIPUBOJIY Ta KOMIJICKCHUMH MOKa3HUKaMH e()eKTHB-
HOCTI KOMOaiiHa, 10 03BOJIsSIE€ OOTPYHTYBATH JOILIIBHICTD BIPOBAKEHHS aJaITUBHUX TiJPaBIIUYHUX CUCTEM Y 3€p-
HO30MpanbHy TexHIiKy. [IpakTH4HEe 3HaYECHHS JOCIIPKEHHS MOJISTae B MOXJIMBOCTI 3aCTOCYBaHHSI OTPHUMAaHUX pe-
3yJBTATIB U1 MOZAEpPHI3allii iCHYI0UOro MaIlIMHHOTO MapKy Ta PO3POOKH HOBUX TEXHIYHUX PillIeHb, OPIEHTOBAHMX
Ha M1IBUILCHHS NPOIYKTUBHOCTI Ta 3HUKEHHS €HEPro3aTpar y 3epHo30upansHOMY npoueci. OTpuMaHi pe3yabTaTti
MOXKYTh OyTH BHKOPHCTaHI SIK OCHOBA JUIS BIOCKOHAJICHHS iCHYIOUHX KOHCTPYKLIH 3¢pHO30MPaNIbHAX MAlIWH, a
TAKOX U1 po3pOOKH HOBHX a/Ial THBHUX IIPUBO/IB 3 ypaxyBaHHSIM BUMOT €HEPrOOLIaIHOCTI, HaliIHHOCTI Ta BUCOKOT
SIKOCTI TEXHOJIOTIYHOTO IIPOLIECY.

Kuro4ogi c1oBa: xoM0aiiH, IPOyKTHBHICTb, IPHBiJI, BTPATH 3epPHA, €HEProeeKTHBHICTh
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Introduction

In modern agro-industrial production, the efficiency
of technological processes for harvesting grain crops,
particularly maize [1, 2], plays a crucial role. Maize is a
strategic crop for many countries around the world. Maize
grain is widely used not only in the food industry, but also
in animal husbandry, bioenergy, and pharmaceuticals.
Given its economic and agronomic importance,
improving the performance of harvesting machines —
especially corn harvesters — has become an urgent
issue [3].

Scientific literature highlights considerable attention
to improving the design of harvesters, especially the drive
systems that ensure the operation of key components of
the machines [4]. In particular, publications from the
United States, European Union countries, China, and
Brazil actively explore ways to increase the technical and
technological efficiency of harvesting machinery. The
primary focus is on optimizing drive systems, which play
a key role in ensuring stable, efficient, and energy-saving
operation of harvesters under varying agrotechnical
conditions [5, 6].

In their study, Zhang et al. [7] focused on improving
harvesting mechanisms by reducing mechanical losses
and increasing energy efficiency through the adaptation of
drive speed modes. Similarly, Gu et al. [8] demonstrated
that the use of computer modeling in the design of drive
systems can reduce energy consumption by 10-15 %,
which is particularly significant in the context of the
ongoing energy crisis.

An important aspect in the design of combine
harvesters is the precision of speed control. For example,
Tang et al. [9] presented a multifunctional grain harvester
that integrates both harvesting and baling functions. The
use of electric drives with precise rotational speed control
improved machine maneuverability, especially in areas
with variable crop density. This highlights the potential of
transitioning to electronically controlled systems capable
of real-time adaptation to field conditions.

The publication by Nadai et al. [10] describes the use
of a hybrid artificial neural network model to optimize the
operational parameters of a combine harvester’s drive
system. Utilizing self-adaptive algorithms, the system
autonomously adjusted the rotational modes of drums and
conveyors according to real-time conditions, which led to
a 12 % increase in productivity and a 7 % reduction in
grain loss.

Ukrainian researchers [11] are also conducting studies
aimed at improving combine harvester drive systems.
However, most existing works focus on general technical
specifications of the machines or individual components,
without providing a comprehensive analysis of the
relationship between the structural parameters of the drive
system and actual harvesting performance under real
agrotechnical conditions.

Studies [12—15] present an experimental evaluation of
grain harvester operation in field conditions. The primary
focus is on the influence of various technical parameters
and operational conditions on harvesting efficiency.
The research examines grain losses, fuel consumption,
and operating speeds, drawing conclusions about

directions for machine improvement, particularly in the
area of drive systems.

The core of the problem lies in the fact that the
structural features of the drive system — such as the type
of torque transmission, speed controllability, the type and
characteristics of gearboxes, and the use of energy-
saving technologies directly affect the stability of
working units, the level of mechanical losses, and the uni-
formity of harvested material flow [16, 17]. Failure to
account for these factors in the design and operation of
harvesting machines may lead to reduced productivity,
increased energy consumption, and deterioration of
product quality [18-20].

The relevance of this research topic is driven by the
need to enhance the competitiveness of domestic
agricultural production, which requires technical modern-
ization based on advanced engineering solutions. This is
especially true for the drive systems of corn harvesters,
whose efficiency determines the machine’s performance
under variable plant density, moisture levels, terrain
unevenness, and other agrotechnical factors.

Therefore, studying the influence of the structural
parameters of combine drive systems on the performance
of corn grain harvesting is a crucial step toward the
development of efficient, reliable, and energy-saving
agricultural machinery adapted to the modern challenges
of agricultural production.

The aim of the study

The study was conducted to determine the influence
of the structural parameters of the drive system of a grain
harvester on the performance and quality of corn grain
harvesting under production field conditions.

Materials and methods

The primary subject of the research was John Deere
combine harvesters, focusing specifically on the design of
conveyor drives and feed drive systems.

The structural parameters under investigation
included the type of transmission (mechanical or
hydraulic), gearbox gear ratio, the presence of an adaptive
speed control system, as well as the mass and placement
of drive components. Corn harvesting was carried
out over an area of 1 hectare with an average yield
of 8.4 tons per hectare.

To assess harvester performance, the following
methods were used: fuel consumption tracking, timing of
the technological cycle, analysis of harvested grain mass
per unit of time, and measurement of grain losses at
different stages of the harvesting process. Grain cleaning
quality was evaluated using a laboratory separator,
and energy efficiency indicators were determined by
calculating the specific fuel consumption per ton of
harvested material.

The collected data were processed using Excel
and MATLAB software, applying methods such as
correlation analysis, regression modeling, and variance
analysis. The results were presented in the form of graphs,
diagrams, and tables, which made it possible to identify
the relationships between the structural parameters of the
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drive systems and the technical and operational indicators
of the harvester.

Results and discussion

The conducted research made it possible to compare
the efficiency of three types of drive systems used in grain
harvesters: mechanical, hydraulic, and adaptive hydraulic
(Table I). The results were evaluated based on the
following indicators: productivity, grain losses, fuel
consumption, and grain cleaning quality.

Table 1
Research results on the structural parameters of different
types of drive systems

Indicator Mechanical ~ Hydraulic Adaptlvg
Hydraulic
Gear ratio 2,5 3,0 2,4-32
Productivity, t/h 25,6 28,8 33,2
Grain losses, % 1,1 0,9 0,6
Fuel consumption, L/t 1,9 1,7 1,5
Grain cleaning 89.5 912 93.8

quality, %

The lowest productivity was observed in the harvester
equipped with a mechanical drive — 25.6 t/h. This is
attributed to limited speed control capabilities and the lack
of adaptation to changing field conditions. The use of a
hydraulic drive increases productivity to 28.8 t/h, while
the highest efficiency is achieved with the adaptive
hydraulic drive, reaching 33.2 t/h. This improvement is
due to the presence of an automatic speed regulation
system that adjusts the rotation of working units according
to crop density, moisture content, and load.

A key indicator of technological efficiency is the grain
loss level during harvesting. For the mechanical drive, it
amounts to 1.1%, for the hydraulic drive — 0.9 %, while
the adaptive hydraulic drive ensures minimal losses of
only 0.6%. This is achieved through the stable operation
of mechanisms that automatically adapt to real-time
working conditions.

Specific fuel consumption per ton of harvested grain
is 1.9 L/t for the mechanical drive, 1.7 L/t for the
hydraulic drive, and only 1.5L/t for the adaptive
hydraulic drive. This indicates the higher energy
efficiency of the latter, which is a crucial factor under
rising energy costs.

Grain cleaning quality also wvaries significantly
depending on the type of drive system. The mechanical
drive provides 89.5 % purity, the hydraulic drive —
91.2 %, and the adaptive hydraulic drive — 93.8 %. This
improvement is achieved through dynamic control of the
sieving unit and ventilation systems, which adapt in real
time to the characteristics of the harvested material.

The obtained results demonstrate that the use of
an adaptive hydraulic drive ensures the best performance
across all evaluation criteria. This highlights the potential
for further implementation of such systems in mass
production and for the modernization of the existing
agricultural machinery fleet in Ukraine.

To identify the relationships between the technical
parameters of combine drive systems and harvesting
performance, a correlation analysis was conducted

(Table 2). The results showed that the grain loss rate had
the strongest correlation (correlation coefficient: —
0.9997), indicating an almost linear inverse relationship:
as grain losses decrease, productivity increases.
A similarly strong inverse correlation was found between
productivity and fuel consumption (—0.9959), which
suggests more efficient machine performance with
reduced energy use.

The strongest positive correlation was found between
grain cleaning quality and productivity (0.9996),
highlighting the advantage of modern systems capable of
adapting to harvesting conditions and delivering high
product quality. Meanwhile, the gear ratio showed a
moderate positive correlation with productivity (0.5207),
indicating a slightly higher influence of this parameter
compared to previous findings, although it remains a
non-dominant factor in the overall efficiency of the
harvesting process.

Table 2
Correlation matrix of technical parameters
Gear ratio 1,00 0,52 -0,50 -0,60 0,50
Productivity, t/h 0,52 1,00 -1,00 -1,00 1,00
Grain losses, % -0,50 | -1,00 1,00 1,00  -1,00
Fuel consumption, L/t -0,59 | -1,00 1,00 1,00 -1,00
Grain cleaning quality 0,49 1,00  -1,00 -1,00 1,00
S | &
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Overall, the results of the mathematical analysis
confirm the effectiveness of adaptive hydraulic drives,
which enable the reduction of losses, decrease in energy
consumption, and improvement in grain cleaning quality,
thereby significantly increasing the productivity of the
harvesting machine.

Conclusions

1. The conducted analysis demonstrates that the
structural parameters of the drive system in grain
harvesters have a significant impact on the technical and
operational performance indicators during corn grain
harvesting. Specifically, parameters such as transmission
type, gear ratio, adaptability, and energy efficiency
determine the stability of operation, grain loss levels, fuel
consumption, and product cleaning quality.

2. The study showed that the use of an adaptive
hydraulic drive yields the best results — increasing
productivity to 33.2 t/h, reducing grain losses to 0.6 %,
lowering specific fuel consumption to 1.5L/t, and
improving cleaning quality to 93.8 %. It was established
that adaptive drives ensure stable operation of the main
technological systems of the machine through flexible
regulation of speed and load modes. This contributes to
optimizing grain cleaning quality, which reaches 93.8 %
with the use of adaptive drives, a critical factor for
enhancing the market value of the harvest.
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3. The results of the correlation analysis confirmed a
strong inverse relationship between productivity and both
grain losses and fuel consumption, as well as a direct
relationship with cleaning quality. This substantiates the
necessity of improving drive systems specifically towards
adaptability and energy efficiency.

4. The obtained results can serve as a basis for
improving existing grain harvester designs as well as for
developing new adaptive drives that meet the
requirements of energy saving, reliability, and high
technological process quality.

5. Further research should be directed toward the
implementation of intelligent drive control systems based
on machine learning, which will enable even greater
efficiency in harvesting agricultural crops under variable
load conditions.
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