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Designs and parameters of asynchronous
electric motors for agricultural needs

Iryna Sukovitsyna, Larisa Vakhonina

The purpose of this study is to analyse the design features of asynchronous electric motors
used in the agro-industrial sector in the processing of oilseeds. The paper is aimed at iden-
tifying optimal technical solutions to ensure high energy efficiency, reliability, and durability
of units in difficult operating conditions. The methodology of the study is based on a theo-
retical analysis of literature sources and a comparative analysis of the design parameters of
engines of different power. In experimental studies, thermal conditions are measured, and
the influence of variable load conditions on the technical characteristics of electric motors is
evaluated. The results obtained indicate a substantial influence of the rotor geometry, wind-
ing insulation class, and housing design on the performance of the units. It is determined
that medium-power engines equipped with efficient cooling and protection systems against
aggressive environments demonstrate stable operation under short-term overloads. Analysis
of heat sink and wear resistance indicators allows determining the optimal design parameters
that help reduce energy losses and increase the reliability of units.
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The agro-industrial complex plays a leading role in the economy of many countries, as it provides the
population with food and raw materials for further processing. In turn, modern agriculture cannot
be imagined without reliable and efficient electromechanical equipment that provides mechanisation
and automation of various technological processes. Among such technical solutions, asynchronous
electric motors occupy a special place due to the combination of simplicity of design, energy efficien-
cy, and durability. They are the basic drive for most agricultural machines and mechanisms operating
in dynamic and sometimes extreme conditions of high humidity and dust.

Considerable attention is paid to the problem of ensuring the energy efficiency of agricultural
equipment in the paper of BAzAaLUK et al. (2021), where the energy assessment of sorghum cultiva-
tion in the southern regions of Ukraine was reviewed. The authors stress that optimisation of electric
drives in agriculture helps to reduce energy costs and increase the overall productivity of agricultural
enterprises.

The relevance of the subject is due to the fact that the agricultural sector requires high-perfor-
mance, reliable, and at the same time unpretentious in maintenance solutions. Frequent starts and
stops, voltage drops, variable workload - all this puts increased requirements on engines (TROPINA et
al. 2014). With the growing demand for processed products, especially oilseeds, the need to optimise
the design of electric motors becomes even more evident. Processing plants and farms engaged in oil
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production operate in intensive modes, often continuously, which further increases the requirements
for the reliability and energy efficiency of drive systems.

Asynchronous electric motors in such an environment have proven their superiority in a num-
ber of parameters. Firstly, they have a simple design that requires minimal maintenance. Secondly,
short-circuited rotor motors provide reliable start-up even with partial or periodically variable load-
ing, which is typical for screw presses, conveyors, and other equipment used in oilseed processing
processes. Thirdly, the ability to work under conditions of short-term overloads and withstand voltage
fluctuations contributes to a more stable technological cycle. Ultimately, the relatively low cost and
availability of spare parts make these machines particularly attractive for the agricultural sector.

The efficiency of asynchronous motors in agriculture also depends on their durability and re-
sistance to mechanical wear. In a study by HoPNER and WILHELM (2021) consider the service life of
insulation of low-voltage electric motors. The authors note that insulation materials are substantial-
ly exposed to moisture and dust, which is typical for the operating environment of oil presses and
CONVeYyors.

Thereby, the specifics of processing oilseeds, in particular, in screw presses of oil-separating ma-
chines, impose additional requirements on the engine design. Constant contact with solid cake res-
idues, high humidity, and the presence of dust can lead to premature wear of moving parts, disrupt
the normal thermal regime, and reduce the overall efficiency of work. Therefore, in the context of
agro-industrial use, it is important not only to study asynchronous motors in general but also to
analyse their design features in depth, in particular, the selection of winding materials, insulation
technologies, and cooling systems.

A substantial contribution to the study of the design features of electric drives for agricultural
machinery was made by ABHILASH et al. (2021). The paper considers an approach to evaluating the
reliability of induction motors based on the analysis of possible failures, which is relevant in the con-
text of intensive use of engines in agriculture.

Optimisation of these elements allows increasing the oil yield, reducing energy consumption, and
ensuring uninterrupted operation of the equipment even under enhanced operating conditions. This
question is raised in the study by WoNG et al. (2021), where the authors optimise the design of a per-
manent magnet synchronous motor (PMSM) to improve the efficiency of electric drives in agriculture.

In addition, an important aspect of the operation of electric motors in agricultural machinery is
the control of their condition and the ability to prevent malfunctions. DEKHANDJI et al. (2019) investi-
gated the application of predictive maintenance for three-phase asynchronous motors. The use of fault
diagnosis and analysis methods can substantially improve the reliability of equipment and prevent
critical breakdowns, which is especially important for enterprises with continuous production.

This work is mainly theoretical in nature and is devoted to a comprehensive analysis of the de-
sign features of asynchronous electric motors used in agriculture, with an emphasis on the specifics
of their operation during the processing of oilseeds. The study examines the main parameters that
determine the reliability and performance of engines, as well as the conditions under which they
operate most efficiently. Special attention is paid to the design of the motor of the screw press of an
oil-separating machine operating in a particularly difficult environment of intense loads and contin-
uous operation.
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Materials and methods

The main objects of research were three-phase asynchronous electric motors of various capacities,
ranging from 3 kW to 37 kW, which are widely used in agricultural technological processes. The pa-
per analyses three-phase asynchronous motors, the power of which varies from 3 to 37 kW. They are
conventionally divided into three groups: 5 low-power engines (up to 5 kW), 5 medium-power engines
(from 5 to 30 kW), and 5 high-power units (over 30 kW). This allows for the consideration of manufac-
turing tolerances and, accordingly, the evaluation of the expected vibration range for each motor type.
The study focuses on a comparative analysis of general design characteristics, particularly the hous-
ing type, winding insulation class, and rotor design. Regarding the design of the rotor, the analysis is
conducted both for units with concentric and those equipped with rod rotors, since these parameters
directly affect the efficiency and performance of engines in difficult conditions of the agro-industrial
environment, in particular, when processing oilseeds.

The analysis is based on general technical characteristics typical of asynchronous motors of var-
ious manufacturers that supply equipment for the agro-industry. In the study, motors were selected
that differed in several fundamental parameters: the type of housing (aluminium, cast iron, and steel),
the insulation class of windings (F, H), and the design of the rotor, in particular, the presence of a
short-circuited rotor with different groove geometries. For the most accurate reproduction of real
operating conditions, specialised experimental stands were created that allowed simulating both vari-
able and continuous loads. In addition, the influence of such factors as temperature changes, the pres-
ence of dust, cake residues, and humidity levels, which are characteristic features of the environment
at processing enterprises of the agro-industrial complex, was carefully monitored and analysed in the
laboratory. This provided for evaluating the performance characteristics of engines in real production
conditions and determine the optimal parameters of their operation. A detailed comparative analysis
of their parameters was conducted to determine the optimal design solutions for three-phase asyn-
chronous electric motors. Special attention was paid to the geometry of the rotor and the size of the
radial clearance. For these measurements, standard instruments were used, in particular, dipsticks,
indicator heads, and factory technical documentation, which enabled the confirmation of the rated
characteristics of the engines.

The next important aspect of the analysis was the type and class of insulation of the windings. The
study included microscopic analysis of insulation materials, determination of their heat resistance
using the thermal ageing method, and verification of compliance with international standards of
INTERNATIONAL ELECTROTECHNICAL COMMISSION (IEC 2022a). This allowed assessing the durability of
insulation systems under various operating conditions. In addition, the hull material and its weight
and size characteristics were analysed. Overall dimensions were measured, thermal conductivity
and mechanical stability of the structure were evaluated, considering specific operating conditions,
in particular, continuous operation in a dusty environment. This helped determine the optimal de-
sign solutions that ensure the efficiency of engines in agricultural and industrial conditions. All the
results obtained were systematised in comparative tables, which became the basis for justifying the
most appropriate choice of the design of electric motors depending on their power and operating
conditions.

The analysis of the thermal modes of three-phase asynchronous electric motors was conducted us-
ing modern measuring technologies, which allowed obtaining accurate and representative data on the
heating of their main structural elements. K-type thermocouples and infrared pyrometers were used
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to control the temperature, which were fixed at key monitoring points - on the windings and motor
housing. Additionally, non-contact temperature sensors were used, which provided continuous track-
ing of the heating of the rotor and bearing units. For each engine under study, different load modes
were set - 50% , 70% , and 90% of the rated power, which provided for simulating the real operating
conditions of screw presses. After reaching the stationary thermal regime, key parameters were re-
corded: the temperature of the windings in accordance with the IEC 60034-1 method (INTERNATIONAL
ELECTROTECHNICAL COMMISSION; 2022b), the temperature of the bearings, as well as the efficiency
factor, which was determined using standard electrical measuring devices, including power meters
and a mechanical brake stand.

The obtained experimental data were subjected to statistical processing, which included calcu-
lating the average values, variances, and constructing the “temperature-load” and “efficiency-load”
dependencies. This enabled the identification of patterns of changes in the thermal parameters of
engines depending on the load, which is an important factor for improving the efficiency of their
operation in the conditions of agro-industrial technological processes. A set of analysis methods was
used to identify the factors that cause accelerated wear of three-phase asynchronous electric motors
in an environment of high dust and humidity. One of the key approaches was visual and microscopic
analysis of moving components, in particular, bearings and seals, after their operation in bench and
production conditions. The degree of mechanical wear and the main problem areas of the structure
were assessed in this way.

The housing and fasteners were tested using special salt solutions in accordance with the method-
ology STATE STANDARD (GOST) 9.308-85 (1985) with appropriate adjustments to assess the resistance
to corrosion processes. The study determined materials that show increased resistance to aggressive
environments and high humidity. Special attention was paid to vibration monitoring according to
the INTERNATIONAL ORGANISATION FOR STANDARDISATION (2014) (ISO) 10816 methodology. Measuring
changes in the amplitude and frequency of vibrations helped assess the degree of wear of bearing
units and identify the presence of unbalance of the rotor, which can lead to additional loads and re-
duce the engine life.

Based on the obtained data, practical recommendations were developed to improve the wear re-
sistance of electric motors. In addition, the expediency of using high-tech insulation materials with
improved water-repellent properties, which increases the service life of windings, was justified. It is
proposed to implement a system for continuous or periodic monitoring of temperature and vibration
indicators, which allows detecting potential malfunctions at an early stage and preventing emergen-
cies.
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Results

Comparative analysis of design parameters of engines of different power

In the initial stage of the study, a detailed comparison of the design parameters of asynchronous
motors of various capacities, which are most often used in agriculture, was conducted. The main
purpose of the analysis was to determine the influence of rotor geometry, winding insulation class,
housing materials, and weight and size indicators on the performance of motors in difficult operating
conditions.

One of the key parameters that affects the efficiency of engines is the rotor geometry and the
size of the air gap. The analysis showed that in low- and medium-power engines, this gap is usually
0.2-0.6 mm. This configuration reduces magnetic losses and increases the overall energy efficiency
of the unit. However, for engines with a power of more than 30 kW, the air gap can be increased
to 0.8 mm, which compensates for possible mechanical deformations, especially in conditions of
frequent starts and braking, which are typical for agricultural technological processes.

An important aspect of motor durability is the type of windings and their insulation class. Low-
power motors are usually equipped with Class F insulation, which meets most standard operating
requirements. However, for medium- and high-power engines, Class H is increasingly used, which can
withstand increased temperature loads. In addition, it was established that the rod winding is more
resistant to mechanical influences compared to the concentric one, but its use increases the cost of
motor production.

The body design and materials used also play a substantial role in ensuring the reliability and
efficiency of the engine. For mobile agricultural installations, where weight restrictions are a criti-
cal factor, engines with aluminium housings are most often used (VoLoSHINA et al. 2019). They are
lighter and more convenient for installation and maintenance. In stationary installations, particularly,
in screw presses and conveyor systems, engines with steel or cast-iron housings are preferred since
they provide better rigidity and thermal conductivity, which is critical for continuous operation under
conditions of increased mechanical and thermal loads.

The last but no less important parameter is the weight and size characteristics of the engine,
which determine its ease of installation and maintenance. For medium-capacity screw presses, the
optimal ratio is the length of the stator to its diameter in the range of 1.2-1.4. This design approach
contributes to uniform heat dissipation, which, in turn, reduces the likelihood of local overheating of
the windings and, accordingly, increases the reliability and operational life of the motor.

The analysis of the design parameters of asynchronous motors used in agriculture clarified the
optimal configurations for various operating conditions. Considering the features of the rotor ge-
ometry, insulation class, housing materials, and weight and size characteristics makes it possible
to improve the operating parameters of engines, increase their energy efficiency and durability in
difficult production conditions (PANCHENKO et al. 2021). The systematised comparative analysis data
is presented in Table 1. They confirm that the optimal design characteristics of engines must be con-
sistent with the modes and specifics of the technological process, as well as with the level of load in
real operating conditions.
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Table 1: Comparative design characteristics of asynchronous motors of various capacities

Characteristics L?:vspﬁw;er M?g'_l;na E\c;vv;ler H(ng (? ﬁv\x;;r
Radial clearance in mm 0.2-0.4 0.4-0.6 0.6-0.8
Stator length/Diameter ratio 1.0-1.2 1.2-1.4 1.3-1.5
Housing type Aluminium Cast iron/Steel Cast iron/Steel
Insulation class F ForH H
Preferred type of windings Concentric Concentric or rod Rod

Source: compiled by the authors based on HoPNER and WiLHELM (202 1), ABHILASH et al. (2021)

According to the data obtained, medium-power engines are most often used in the processing
of oilseeds because they meet the requirements for reliability, the ability to withstand short-term
overloads, and maintain proper energy efficiency in continuous mode. The reliability and durability
of asynchronous electric motors are vital factors in agro-industrial production, where the equipment
is operated in conditions of high humidity, dust, and mechanical loads. Tests were conducted in ac-
cordance with GOST 9.308-85 standards (1985) and ISO 10816 (INTERNATIONAL ORGANISATION FOR
STANDARDISATION 2014) to assess the performance of electric motors. The study allowed determining
the influence of corrosion processes and the level of vibration load on the performance of electric
motors in real operating conditions. Asynchronous motor housings used in the agro-industrial sector
are subject to substantial corrosion effects, especially in oilseed processing facilities (KozZAKEVYCH
2016). In such conditions, high humidity and aggressive impurities in the air is present, which helps
to accelerate corrosion processes. Tests were conducted under conditions that simulate the actual
operating environment to determine the resistance of electric motors to corrosion.

There are substantial differences in the corrosion resistance of motor housing materials. In particu-
lar, during experiments in salt mist (5% NaCl solution) for 168 hours, aluminium housings showed an
average corrosion rate of 0.02 mm/year, while cast iron housings were substantially more stable, with
a corrosion rate of 0.008 mm/year. This indicates that cast iron is a more durable material for electric
motor housings in corrosive environments. In addition, tests in conditions of high humidity (relative
humidity of more than 85% ) showed that fasteners without additional anti-corrosion protection begin
to corrode after 4-6 months of operation. This can negatively affect the reliability and durability of
the entire electric motor, reducing its mechanical strength and increasing the risk of failure.

An important measure to increase the resistance of electric motors to corrosion is the use of pro-
tective coatings. Studies have shown that the use of zinc alloys and epoxy coatings can reduce the
rate of corrosion by 2-3 times, which substantially extends the service life of equipment. This makes
protective coatings an effective solution for the operation of electric motors in difficult conditions of
agro-industrial production. The results obtained confirm the need to introduce anti-corrosion protec-
tion for electric motors operating in environments with high humidity and aggressive impurities. The
use of anti-corrosion measures not only increases the durability of equipment but also reduces the
cost of its maintenance and replacement, which is an important factor for the effective functioning of
agro-industrial enterprises (GABDULLIN et al. 2019).

One of the key reliability parameters of asynchronous electric motors is the level of mechanical
vibrations, which directly affects their durability and stability of operation. Excessive vibration can
lead to premature wear of parts, unbalance of the rotor, and failure of the entire unit. Control mea-
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surements were conducted in accordance with the international standard ISO 10816 to assess the
vibration characteristics of electric motors of various capacities (INTERNATIONAL ORGANISATION FOR
STANDARDISATION 2014). The research results showed that for medium-power motors (5-30 kW), the
total vibration level in the frequency range of 10-1000 Hz was 2.1 mm/s, which corresponds to Class
A, i.e., normal operation without the need for additional intervention. However, for engines with
a power of more than 30 kW, the vibration level was recorded in the range of 3.2-3.8 mm/s. Such
indicators may indicate initial signs of bearing wear or rotor unbalance, which requires increased
attention from technical personnel.

Analysis of the causes of increased vibration revealed several main factors affecting its growth.
One of them is the accumulation of dust in the air vents, which leads to a disruption of effective cool-
ing and creates an additional load on the system. Another important factor is to reduce the level of
lubricants in bearings, which increases friction and contributes to rapid wear of parts. In addition,
loosening of fasteners and unbalancing of structural elements can cause uneven load distribution,
which further increases vibration.

Increasing the vibration level by 20-30% due to contamination of the ventilation ducts and insuf-
ficient lubrication of bearings was proven to substantially shorten the service life of electric motors
and lead to their premature failure. A number of preventive measures have been developed to prevent
such problems. In particular, optimisation of ventilation systems allows removing dust more effi-
ciently and improving heat dissipation, which helps to reduce the load on the engine. Additionally,
it is proposed to use reinforced anti-vibration fasteners that reduce the vibration level to 1.8 mm/s,
increasing the stability of the unit. Regular maintenance, including cleaning of ventilation ducts and
timely replacement of lubricants in bearings, is an essential measure to maintain the proper level of
reliability of electric motors (NADYKTO et al. 2015).

In comparing the energy consumption of asynchronous electric motors used in agro-industrial ap-
plications, different operational modes were analysed, focusing on varying load conditions and their
impact on motor efficiency. At low load conditions, around 50% of rated power, the motor operates at
lower energy consumption but exhibits suboptimal efficiency. The winding temperature ranges from
60-70°C, with an efficiency of 86.5%, which is relatively low compared to higher loads. This condition
occurs because the motor is not operating at its full capacity, resulting in lower overall energy use but
less efficient performance. The motor works best when it is at its rated power, which is about 70% of
its maximum load. The winding temperature increases to 70-80 °C, and efficiency rises to 89%, with
the motor consuming energy in a balanced way. The cooling system is effective, with external fans
and clean housing contributing to the motor’s stable thermal regime. This condition ensures that the
motor is utilising energy efficiently, resulting in minimal losses.
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At high load conditions, around 90-100% of rated power, the motor consumes more energy but
exhibits reduced efficiency. The winding temperature rises to 85-95 °C, with efficiency dropping to
86% . While the motor is working at its maximum capacity, the increased temperature leads to higher
losses in the rotor and stator, reducing the overall efficiency. The cooling conditions become less effec-
tive due to cake and dust accumulation, which makes it more difficult for the motor to dissipate heat,
exacerbating the energy inefficiency.

The comparison reveals that while low-load operation results in reduced energy consumption,
it also leads to less efficient performance. The optimal load range, between 70-80% of rated power,
provides the best balance of energy consumption and motor efficiency, with minimal energy losses
and a stable thermal regime. On the other hand, operating at high load conditions increases energy
consumption and reduces efficiency due to the higher thermal stress on the motor. Therefore, the
most energy-efficient operation occurs when the motor works within the optimal load range.

Maintaining the motor within this optimal load range is crucial for maximising energy savings
and improving overall performance. The findings suggest that, particularly in high-load operations,
additional measures such as improved cooling systems and enhanced insulation materials could mit-
igate the effects of high temperatures and prevent significant efficiency losses.

Research of thermal modes and energy efficiency

The second area of the study focused on the analysis of thermal modes of operation of asynchronous
motors in the processing of oilseeds. Heat load is one of the crucial factors that determine the dura-
tion of engine operation and efficiency. The specific characteristic of oil presses is their continuous
working cycle with periodic changes in the load level, which drastically complicates thermal process-
es and requires additional temperature control (Table 2).

Table 2: Results of statistical processing

:-:‘?Ad Average itr:e:rcl:perature (Range, in °C) Averag?ne;:iciency (Range, in %)
50 65 (60-70) 86.5 (85-88)
70 75 (70-80) 89.0 (88-90)
90 90 (85-95) 86.0 (85-87)

Source: compiled by the authors based on FENG et al. (2020), DINOLOVA et al. (2023)

At an optimal load (70%), the temperature of the windings reaches approximately 75 °C, and the
efficiency is about 89% , which indicates a balanced operation of the motor. When the load is in-
creased to 90% , the temperature increases to 90°C, while the efficiency decreases slightly to 86%.
Evaluation of the temperature of the windings and core showed that during the operation of motors in
the oilseed processing mode, the temperature of the windings often exceeds the nominal permissible
values by 10-15°C. This phenomenon is caused by uneven feed of raw materials and the formation
of cake residues, which can complicate the cooling process. This is especially critical for low-power
engines, which are less resistant to overloads and quickly heat up when operating at the limit of their
capabilities.
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The level of engine load also substantially affects the thermal regime. The optimal load is in the
range of 70-80% of the nominal value since under such conditions, a balance is provided between the
performance of the press and the temperature regime of the windings. In turn, at a load of more than
90% for a long time, the motor temperature increases sharply, which leads to accelerated ageing of
insulation materials, increased losses in the rotor and stator, and a general decrease in the efficiency
of the unit.

The cooling system plays a major role in maintaining engine performance under heavy operating
conditions. Experimental studies have shown that the use of fans with extended blades and direc-
tional air channels can increase the efficiency of heat removal by 10-15%. In medium-power engines,
such measures help to stabilise the temperature regime even in difficult conditions, in particular,
with high humidity or substantial dustiness of the working environment. Insufficient maintenance of
the ventilation system, particularly the accumulation of cake and dirt in the vents, can substantially
reduce cooling efficiency, which leads to additional overheating of the engine (Figure 1).
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Figure 1: Dependence of temperature and efficiency on load (Source: compiled by the authors based on FENG et al.
(2020), DiNnoLOVA et al. (2023))

Analysis of changes in engine efficiency has shown that the thermal regime is closely related to
the overall level of energy efficiency. Contamination of the housing surface and ventilation ducts can
lead to a decrease in efficiency by 1.5-2% of the declared nominal characteristics. Regular cleaning
of the engine and preventive measures allow keeping the efficiency at a high level, ensuring stable
operation of the unit and extending its service life. The generalised data of thermal analysis and effi-
ciency measurement are given in Table 3.
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Table 3: Thermal performance of asynchronous motors of screw presses

\:{;%Z(sze Windingi:‘e‘r’réperature Exceeding tri\ne :ngminal value Effii::‘i;,ncy Cooling conditions
I(:\év(;%a)d 60-70 5-7 85-88 External fan, no contamination
8%22;& load 70-80 8-10 88-90 External fan, clean housing
o

Source: compiled by the authors based on FENG et al. (2020), DINOLOVA et al. (2023)

Reliable operation and achieving acceptable energy efficiency largely depend on keeping the en-
gine clean and maintaining an optimal operating mode. In real-world conditions, this is achieved
thanks to constant monitoring of the load level and an efficient ventilation system.

Impact of aggressive environments on engine durability and reliability

The third stage of the study was aimed at determining the effect of the aggressive environment
that occurs during the processing of oilseeds on mechanical components and electrical insulation
of asynchronous motors. Factors such as dust, solid cake residues, high humidity, and high temper-
ature create complex operating conditions that differ from standard industrial environments. Since
the equipment can operate in both intermittent and continuous mode, the negative impact of these
factors only increases over time, which requires special protection measures.

One of the main problems in conditions of increased dust formation is the rapid contamination of
the lubricant in the bearings. Studies have demonstrated that during 3-4 months of intensive opera-
tion in screw presses, the loss of lubrication can reach 25-30% , which leads to increased vibrations,
increased noise levels, and the risk of rotor jamming (FENG et al. 2020, DINoLOVA et al. 2023). The lack
of regular maintenance of bearings notably reduces their service life and can cause an emergency
engine failure.

Another critical problem is a violation of the tightness and ventilation system of the engine. The
accumulation of a layer of dust and solid residues on the housing, vents, and seals makes it difficult
to remove heat, which accelerates overheating and contributes to corrosion processes. Especially
dangerous is the penetration of moisture through damaged seals, as this leads to the accumulation
of condensation in the internal cavities of the engine. This situation leads to the destruction of the
electrical insulation of the windings, which increases the risk of short circuits and reduces the oper-
ational life of the motor (HARERIMANA et al. 2020).

Corrosion phenomena also influence the wear process of equipment. In case of contact with ag-
gressive compounds (acid or alkaline components of raw materials), metal parts of the engine are
subjected to accelerated corrosion (KorzHIK 1992). Most affected are the fasteners, which gradually
loosen, which can lead to an imbalance of the rotor and premature engine failure. Corrosion also neg-
atively affects the stator and rotor packages, reducing engine efficiency.
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Body deformations under the influence of heat and vibration are another substantial factor that
reduces the reliability of engines during operation. Intense vibration loads, especially during the
pressing stage of oilseeds, combined with temperature fluctuations, can cause the formation of mi-
crocracks in the housing and mechanical joints. These microcracks contribute to the penetration of
dirt into the engine, which complicates cooling, accelerates wear and reduces the overall reliability
of the equipment (MoHAN 2024)

In agricultural processes, particularly during the processing of oilseeds, significant mechanical
loads are often observed, resulting from sudden load changes, impacts, and vibrations, which can
accelerate the wear of structural components, including bearings and rotors. The constant exposure
to these factors may lead to premature wear, disruption of the normal functioning of the motor, and a
reduction in its service life. These phenomena are especially critical in agricultural machinery, where
engines operate under conditions of variable loads, frequent starts, and stops. Therefore, taking these
factors into account during the design of electric motors is crucial for ensuring their durability,
reducing the risk of unexpected failures, and ensuring uninterrupted operation in the challenging
conditions of agricultural machinery (HAN et al. 2022).

Operating conditions in the agricultural sector require the introduction of additional protective
measures to ensure the durability of asynchronous motors. It is necessary to use airtight seals,
regularly replace or restore lubricants, and apply an anti-corrosion coating to protect moving ele-
ments. Ignoring these recommendations can lead to a substantial reduction in engine life, increased
operating costs, and reduced economic feasibility of using such equipment.

Recommendations for optimising the design and operating conditions

Based on the results obtained and the identified patterns, a set of recommendations was developed
to improve the design and operating conditions of asynchronous electric motors in agriculture. The
proposed measures are aimed at improving energy efficiency, increasing the service life of equipment
and minimising the risks of downtime or emergencies. One of the essential areas of improvement is
the optimization of the cooling system. It is recommended to use more efficient fans with an increased
blade area and special guide channels, which will help improve air exchange in the winding area. For
high-power motors operating in continuous mode, it is advisable to introduce combined liquid-air
cooling, especially in cases where the pressing intensity causes critical heating of the windings. Wa-
ter cooling is one of the most effective methods of temperature regulation for asynchronous electric
motors, especially under high load conditions where air cooling may be insufficient (SuGLoBOV et al.
2024). Due to the high thermal conductivity of water, this method allows for quick heat dissipation
from critical motor parts, reducing the risk of overheating and ensuring stable operation even under
intensive operating conditions. In agricultural machinery, where motors operate under constant load
fluctuations and high humidity, water cooling can significantly improve performance efficiency and
extend the motor’s lifespan.

In addition to water cooling, there are other alternative cooling systems that can be employed to
enhance the cooling efficiency of asynchronous motors. One such alternative is the use of liquid cool-
ing fluids (e.g., liquid crystal or specialized fluids with high heat transfer properties). This method not
only improves heat dissipation but also ensures additional stability of the temperature regime under
varying loads. Another alternative is the use of thermoelectric materials, which can provide localized
cooling for specific motor components, reducing the likelihood of overheating.
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Protecting engines from aggressive environments requires the use of high-quality seals and pro-
tective covers. For units located near screw presses and conveyors, it is advisable to use special
labyrinth seals, which prevents dust and cake residues from entering the bearing area (PANCHENKO
et al. 2019). In addition, the use of removable protective covers will greatly simplify the maintenance
process, allowing quickly cleaning the engine from dirt.

Another important direction is to improve the insulation of windings. The use of materials with a
high heat resistance Class (F or H, and for extreme conditions - even C) protects the windings from
overheating and moisture. In regions with high humidity, it is advisable to use impregnating lacquers
with water-repellent properties, which reduce the risk of inter-turn short circuits and extend the
service life of the engine.

Control and prevention play an important role in maintaining the stable operation of the equip-
ment (BuLGakov et al. 2020Db). The installation of a winding and bearing temperature monitoring sys-
tem will enable a response in a timely manner to exceed the permissible values. This can be realised
using thermal sensors built into the motor housing or non-contact infrared sensors. Performing reg-
ular maintenance at least once every 3-4 months, including cleaning the ventilation ducts, replacing
or refilling lubricants, checking the tightness level, and anti-corrosion inspection, is crucial to ensure
smooth operation.

Adaptation of operating modes allows minimising the load on the engine and increasing its dura-
bility (GUTAREVYCH et al. 2020, PANAS et al. 2024). It is optimal to maintain the load in the range of
70-80% of the rated power, which ensures a balance between thermal load and performance, while
maintaining high efficiency. It is recommended to use frequency converters that allow implementing
“soft” start modes and more accurately adjust the speed of rotation to reduce inrush currents and
mechanical loads.

Separately, the possibility of upgrading the rotors to improve their wear resistance should be con-
sidered. In cases of intense contact with solid cake residues or abrasive particles, it is advisable to use
rotors with a reinforced structure - made of stronger alloys or subjected to special heat treatment. It is
recommended to use short-circuited rotary systems with variable groove shapes, which increases the
engine’s resistance to short-term overloads to ensure high starting torques and more precise speed
control.

All these measures are aimed at improving reliability, reducing energy consumption, and opti-
mising the operation of asynchronous electric motors in agriculture. In conditions of high rates of
agro-industrial production, especially during the harvesting and processing season, any failures in
the operation of electric motors can lead to considerable financial and time losses. Therefore, the
implementation of the recommended solutions, including an improved cooling system, the use of re-
liable seals, high-tech insulation materials, and modern control methods, will ensure stable operation
of the equipment even in the most difficult conditions.
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The results of the study confirm that asynchronous electric motors remain one of the most efficient
solutions for the agro-industrial sector due to their simple design, relatively low cost, and ability to op-
erate in variable and complex conditions. However, to maximise the use of their potential, the design
features, the specifics of operation, and the level of intensity of work processes must be accounted
for. A responsible approach to the selection of the engine, its timely maintenance and modernisation
will both extend the service life of the equipment and contribute to improving the overall efficiency
of the technological process of processing oilseeds. This, in turn, will have a positive impact on the
competitiveness and profitability of agro-industrial production.

Discussion

The results of the analysis of the design features of asynchronous electric motors used in agricul-
ture indicate a close relationship between the design parameters, operating modes, and the overall
efficiency of technological processes. As part of the study, it was determined that factors such as the
size of the radial clearance, the insulation class of windings, the type of housing, the geometry of the
rotor, and the quality of cooling and sealing, have a decisive impact on the performance and durabil-
ity of electric motors, especially in difficult conditions of processing oilseeds. Below is a systematic
discussion of the main points obtained on the basis of test results and analysis of the operational
characteristics of the machines under study.

Firstly, the high importance of the correct selection and design of structural parameters is con-
firmed. The practice of using different models of asynchronous motors shows that the same technical
indicator can have different effects depending on the operating mode. For example, the radial clear-
ance, which averages between 0.2 and 0.6 mm for low- and medium-power engines, provides an opti-
mal balance between starting characteristics and the level of magnetic losses. Instead, for more power-
ful units operating in the mode of continuous substantial loads, the gap is often increased to 0.8 mm,
given possible mechanical deformations of the housing and rotor during intensive use. In this context,
the results presented in a study by XIE et al. (2019), where attention is paid to the design of high-start
induction motors with reduced vibration levels to improve their durability, should also be considered.

Equally important is the insulation class of the windings. If class F insulation may be sufficient
for low-power engines, then for medium and large engines, it is advisable to use high-temperature
classes that can withstand substantial excess operating temperatures for a long time. A similar situ-
ation occurs, in particular, in screw presses operated in continuous loading cycles. In conditions of
intense heating, it is equally important to analyse the cooling systems because BoGLIETTI et al. (2019)
demonstrated in their paper how optimising the cooling design of traction motors can improve heat
dissipation efficiency and enhance performance. For the agricultural sector, this means the ability to
operate engines longer without overheating and shortening their service life.

The type of housing is a critical factor in determining the mechanical and thermal stability of
electric motors. For mobile agricultural installations, where weight and ease of installation are para-
mount, aluminium housings are often the best choice. However, for continuous operation with heavy
loads, such as in stationary processing lines, steel or cast-iron housings are more appropriate due
to their superior ability to withstand vibration loads and higher stiffness, which reduces the risk of
microcracks and deformations. These design choices also impact noise and vibration levels during
operation. The use of low-frequency predictive control, as described by FENG et al. (2020), can help
mitigate acoustic noise in induction motors.
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In modern agriculture, mobile electric motors used in autonomous and portable machines - such
as electric tractors, mobile presses, ventilation systems, and transport units - are becoming increas-
ingly important (BEKENOV et al. 2020). These motors must operate under variable load conditions and
require adaptive cooling systems, reliable protection against vibration and dust, and compatibility
with battery or hybrid power sources. The structural requirements for mobile motors differ signifi-
cantly from those of stationary asynchronous machines, underscoring the need for specific criteria
for selection, energy consumption calculation, and stable performance under field conditions. Inte-
grating the mobile segment into electric motor selection provides a more comprehensive understand-
ing of the electromechanical needs of agro-industrial production and enhances the overall efficiency
of technological processes.

The overall energy efficiency of asynchronous motors largely depends on the level of heat loss.
Studies show that when working with a load in the range of 70-80% of the nominal value, the temper-
ature of the windings remains close to the permissible values, and the efficiency remains at a fairly
high level. This mode contributes to optimal energy use and does not overload the engine, which
extends its overall service life. Similar conclusions are confirmed by the review of DiNoLOVA et al.
(2023), where the energy efficiency of induction electric drives is considered, and ways to reduce
energy consumption due to optimal operating modes are given. However, in real conditions, when
the load can reach 90% or more, the temperature of the windings increases by 10-15°C above the
calculated values. This leads to increased losses in the rotor and stator, intensive ageing of insulation
materials, and a rise in the probability of unscheduled machine stops.

The cooling system affects the stability of the thermal regime and directly determines the duration
of inter-repair intervals (KYURCHEV et al. 2023). The use of a fan with extended blades and directional
air channels increases the intensity of heat dissipation by approximately 10-15% . Design improve-
ments aimed at reducing noise can also be implemented due to additional methods similar to those
proposed by HAN et al. (2022) to reduce noise in the cabs of agricultural tractors. Although their
research focuses mainly on sound insulation, conceptually, the approach to minimising vibrations
and unwanted oscillations can also be adapted for electric motors to ensure comfortable operating
conditions and long-term operation of equipment.

The aggressive environment that is formed during the processing of oilseeds is another critical
challenge. High humidity, abrasive action of dust particles and cake residues, and ingress of chemical
compounds from vegetable raw materials - all this leads to accelerated wear of moving parts and vul-
nerable engine parts (BULGAKOV et al. 2020a). Among the most affected elements are bearings, which
can lose a substantial proportion of lubricant over several months of operation without proper protec-
tion. This factor increases the risk of rotor jamming and emergency stops. In addition, contamination
of the ventilation ducts worsens cooling and further loads the engine. In such conditions, the use of
intelligent monitoring systems is especially promising, where approaches similar to those described
by MoHAN (2024) are used. The author offers a solution based on the Internet of Things (IoT) for in-
telligent management of agricultural processes, which allows tracking the state of equipment in real
time and quickly responding to changes in temperature or vibrations.

Proper sealing and protective solutions help minimise the impact of aggressive environments. For
example, the use of labyrinth seals or multi-stage sealing systems for bearing assemblies makes it
difficult for dust and moisture to enter the internal areas of the engine. Such technical solutions can
be successfully combined with the energy-efficient design approaches for autonomous sensor devices
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described by HARERIMANA et al. (2020), which refers to low-power energy collection. This opens up
the possibility of creating adaptive engine health monitoring systems that do not require substantial
maintenance and can be powered by minimal energy sources, such as photovoltaic cells.

Another important factor that was noted in the course of the study is vibration characteristics.
Frequent start-stops, which are typical for the agricultural sector, generate increased shock loads on
the shaft and bearings. The probability of interaction with solid fractions of raw materials, possible
contact with working bodies or mating mechanisms, further clarifies that resistance to shock and
vibration influences is one of the most important requirements for engines. The experience described
by STAVINSKII et al. (2019), where an axial asynchronous motor with a two-section cone-cylindrical
magnetic circuit is considered, can be useful to increase the durability of structures, in particular, in
large agricultural complexes. This unusual configuration allows reducing energy losses and increas-
ing resistance to vibrations.

The conducted comparative analysis confirms that the main challenge in agriculture is to find the
optimal compromise between the maximum productivity of the technological process and the need
to preserve the engine resource. Depending on whether low-power systems with a limited load level
or high-performance equipment with a continuous pressing cycle are in view, the emphasis is on
various design solutions. For example, in the field of pumping equipment, where brushless motors
are becoming increasingly important, an approach suggested by PRAVIN et al. (2023), who presented
a new design for an energy-efficient brushless direct current (BLDC) pump for agricultural applica-
tions, deserves attention. Although their study focuses specifically on brushless motors, the very idea
of optimisation in terms of reducing energy consumption and improving efficiency is also relevant for
asynchronous machines.

Regarding improved control systems, the introduction of precision farming elements already in-
volves the widespread use of [oT, unmanned aerial vehicles, augmented reality, and machine learn-
ing. Some aspects of this integrated approach are revealed in a study by PONNUSAMY and NATARAJAN
(2021), where the emphasis is on improving the efficiency of resource use in agriculture. The imple-
mentation of such technologies enables the integration of asynchronous motors into a single smart
system, where load, vibration, and temperature data are collected in real time. Additionally, innova-
tive sensor solutions described by RAYHANA et al. (2021) can be used because printed sensor tech-
nologies help reduce energy consumption and quickly monitor the technical condition of equipment.

In general, agriculture is in a phase of large-scale transformation associated with the transition
to more environmentally friendly and resource-efficient production methods. The concepts of “cli-
mate-friendly agriculture” include optimising energy consumption and reducing greenhouse gas
emissions. SAFDAR et al. (2024) pay attention to this, exploring technological and environmental as-
pects of implementing adaptive farming methods. In such a paradigm, asynchronous motors, which
are characterised by reliability and relatively low losses in a properly organised mode, can be instru-
mental. Thereby, research is continuing in the direction of electrification of all agricultural machin-
ery, as evidenced by the review of ScoLARro et al. (2021). The authors stress that the transition to
electromechanical solutions reduces dependence on fossil fuels and emissions, which is important for
the sustainable development of the industry.

At a time when many agricultural enterprises are striving for autonomy and trying to reduce ener-
gy costs, the issue of using alternative energy sources is becoming increasingly relevant. It can be ei-
ther biofuels or a variety of biogas plants. The importance of switching to alternative fuels is disclosed
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in a paper by GONCHARUK et al. (2018), where the features of the alternative motor fuel market are
analysed. In parallel with this, HAVRYSH et al. (2019) assessed the feasibility of using sunflower husks
as an energy resource for oilseeds, which illustrates the trend towards self-sufficiency of enterprises,
in particular, with heat and electricity. Such approaches directly affect the operation of asynchronous
motors, because the stability and quality of power supply become crucial factors for ensuring the
reliable operation of equipment in the agricultural sector.

Separately, the possibility of adapting electric motors to difficult operating conditions due to the
optimisation of design solutions should be mentioned. For example, YUNUsoV et al. (2023) reviewed a
method for modelling a linear asynchronous electric drive for low-speed mechanisms in agriculture,
which opens the way to improving the efficiency of a number of specific processes. In addition, the pos-
sibility of using double drives for electric tractors is revealed by WEN et al. (2022), indicating the desire
to solve the problem of uniform load distribution and more flexible power consumption management.

As a result, it can be argued that asynchronous motors will continue to be the leading drive for
agricultural machinery due to the combination of reliability, simplicity, and low operating costs. How-
ever, to realise their full potential, it is necessary to account for special environmental conditions,
develop improved cooling and protection systems, and provide an adequate maintenance system. In
this aspect, VARANI et al. (2021) proposed a notable approach, having analysed the performance of
electric agricultural units powered by an external generator: this format increases autonomy and
simultaneously reduces fuel consumption. Thereby, increased attention is paid to thermal control, as
described by WANG et al. (2021), for electric vehicle engines, it will help extend the service life and
reduce losses from overheating.

Given the development of bioenergy and the transition to renewable power sources, asynchronous
motors can be integrated into broader technological systems where energy is obtained from sunflower
husks or biogas. For example, in a paper of HRUBAN et al. (2023), the prospects for generating elec-
tricity from biogas were reviewed, and HAVRYSH et al. (2021) analysed the life cycle when using crop
residues in bioenergy. All this provides for optimising production processes, including the operation
of electric motors that are powered from various sources. Under such conditions, the question of
the design of asynchronous machines becomes important. Comparative analysis of axial and radial
induction motors performed by IEGOROV et al. (2023) confirms that each configuration has its own
advantages and limitations. Therefore, the choice of a particular engine type should depend on the op-
erating conditions, which is especially important in industrial oil production, where both high torque
and the ability to work continuously are required.

The practical value of this discussion lies in the fact that it confirms that in the process of process-
ing oilseeds, it is appropriate to use asynchronous motors, provided that their design features and
the intensity of operating modes are considered. A synergistic approach, when monitoring the engine
condition is conducted using IoT systems (AMIN et al. 2021), and the preparation and optimisation
of working environments are implemented taking into account climatic factors (SAFDAR et al. 2024),
opens up prospects for stable and high-performance operation of equipment. In addition, attention
should be paid to the development of precision farming, in which the role of unmanned aerial vehicles
is becoming increasingly important. Their adaptation in the agricultural sector is demonstrated by
Popescu et al. (2020), which helps quickly collect data on the state of fields and predict engine loads
in different parts of the process chain in advance.
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As the international community pays more and more attention to the environmental component
and innovative approaches to improving the efficiency of agricultural production, asynchronous mo-
tors remain a key element of mechanisation and at the same time an object of improvement. The
development of more advanced control schemes aimed at reducing losses and improving dynam-
ic performance can be conducted, in particular, through predictive control and machine learning
methods. In some publications, like one by HERMAN and SURANTA (2019), the creation of intelligent
monitoring and control systems that are easily integrated into the overall digital infrastructure of the
farm (hydroponic precision farming in their example) is described, which confirms the universality
of using such solutions.

Thus, asynchronous motors can function as an efficient drive-in agriculture if their structural de-
sign is optimised, reliable cooling, protection against aggressive environments, and modern methods
of load diagnostics and management are implemented. Taken together, these measures will ensure
the stability of production processes, reducing the risk of unexpected shutdowns and increasing over-
all productivity and competitiveness.

Conclusions

In the course of the study, a comprehensive analysis of the design features of asynchronous electric
motors used in agriculture, in particular, in the processing of oilseeds, was conducted. The results
obtained allowed formulating the following main conclusions. The efficiency of using asynchronous
motors is confirmed by their high reliability, ability to work in conditions of high humidity, dust, and
dynamic loads. Especially important are their energy efficiency and ease of maintenance, which make
them the best choice for technological processes of the agro-industrial complex under the mentioned
conditions.

Design parameters that affected service life include the choice of housing materials, winding in-
sulation, rotor geometry, and bearing type. Examinations demonstrated that for stationary technolog-
ical installations, such as screw presses, medium-power motors with a cast-iron or steel body, which
have an improved heat sink, are most suitable. Operating temperatures and their impact on engine
performance showed substantial differences depending on the load mode. The optimal load was in
the range of 70-80% of the rated power, which ensured stable efficiency and prevented overheating of
the windings. An insufficient cooling system or clogged ventilation ducts were established to result
in a decrease in engine efficiency. The influence of an aggressive environment on the durability of
equipment was confirmed by the analysis of corrosion processes, abrasive wear, and contamination
of bearing units.

It was determined that without proper maintenance, the loss of lubricants can reach 30% in
3-4 months of operation, which increases the risk of engine failure. The need to implement security
solutions and monitoring systems was evident. The use of labyrinth seals, high-tech insulation mate-
rials, improved ventilation systems, and temperature and vibration monitoring sensors were identi-
fied to extend engine life and reduce the risk of emergency shutdowns. Upgrading and improving the
design of electric motors may include the introduction of frequency converters for soft start, the use
of variable groove rotors to improve overload resistance and expanding integration capabilities with
precision farming systems to improve overall production efficiency.
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The impact of agricultural electrification and the use of alternative energy sources is becoming
increasingly important. In modern conditions, the autonomous energy supply of agricultural enter-
prises, particularly biogas plants and renewable energy sources, plays a significant role. This creates
opportunities for optimizing electric drives and improving energy efficiency in technological process-
es. While this study confirms that asynchronous motors remain a pivotal element in the mechani-
zation of agricultural processes, their full potential can only be realized by considering their design
features, operating modes, and timely maintenance. Further research is needed to assess the per-
formance and adaptability of these motors in other industrial sectors, thereby fully exploring their
potential beyond agriculture. Additionally, future studies could focus on developing innovative engine
designs with greater adaptability to varying operating conditions and integrating these designs into
digital control and diagnostic systems, further enhancing the efficiency of agro-industrial production.
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