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THE USE OF ELECTRIC MOTORS FOR THE PROPULSION
OF AGRICULTURAL VEHICLES
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This paper presents research on tractor performance parameters to predict
tractor performance before operating in the field. The components that make up the
electric propulsion control system, the mounting method on the tractor, and a series
of experiments that were carried out with the electric motor mounted on the tractor
chassis are detailed. The main objective was the integration of an electric motor on
an agricultural tractor chassis.
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1. Introduction

By using electricity as the main power source, electric tractors eliminate the
need for diesel or gasoline, reducing the consumption of non-renewable resources
[1]. This shift to electric tractors contributes to a more sustainable and
environmentally friendly agricultural sector, as it helps reduce greenhouse gas
emissions and decrease dependence on fossil fuels [2]. By transitioning to electric
tractors, farmers can play a crucial role in reducing their carbon footprint and
promoting a cleaner energy future [3].

Electric tractors offer lower operating costs and increased efficiency
compared to traditional diesel tractors. Although electric tractors may have a higher
initial purchase cost, they have lower long-term operating and maintenance
expenses [4]. Electric tractors require less maintenance, have fewer moving parts,
and are more reliable, leading to reduced downtime and increased productivity [5].
In addition, improved control systems on electric tractors increase operating
efficiency by reducing battery power consumption and extending continuous
operation time [6]. These cost savings and increased efficiency make electric
tractors an attractive option for farmers looking to optimize their operations [7].

Adoption of electric tractors also aligns with efforts to reduce air and
groundwater pollution [8]. By reducing greenhouse gas emissions, electric tractors
help combat global warming and create a more sustainable agricultural sector [9].
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Initiatives such as electric tractor demonstrations and market development
programs further support the transition to electric tractors and pollution reduction
[10]. Overall, the environmental benefits of electric tractors make them a
compelling choice for farmers who want to minimize their environmental impact

[3].
2. Essential components of electric tractors

One of the essential components of electric tractors is the battery, which
plays a crucial role in powering the vehicle. Compared to traditional diesel engines,
batteries have a lower energy density, which means that electric tractors with the
same rated power will require more volume and weigh more than their internal
combustion engine counterparts [11]. However, advances in battery technology
have led to the development of more efficient and powerful batteries specifically
designed for electric tractors.

For example, the application of AMBY-supported flywheel batteries has
been explored as a new type of power battery for electric tractors, capable of
absorbing wasted energy and improving overall efficiency [12]. In addition,
research has been conducted on the use of solar-assisted plug-in hybrid electric
tractors, which use various battery technologies to improve their performance [13].

Controllers are another essential component of electric tractors, responsible
for regulating the tractor's performance. The main function of the electric controller
is to collect the driver's operating signals and various sensor signals to control the
rotor speed and ensure optimal performance [14]. In addition, controllers can be
designed to implement control strategies that distribute the current, maximizing the
benefits of power sources [15].

The implementation of slip control solutions in electric tractors has also
been explored, aiming to improve traction and stability by automatically adjusting
the power supply to the wheels [16]. The integration of advanced control systems
into electric tractors enables precise and efficient operation, improving overall
performance and productivity [17][18].

Charging systems and infrastructure are vital considerations for electric
tractors. Conductive charging, which requires the tractor to be physically connected
to a charging station, or battery swapping systems, where depleted batteries are
replaced with fully charged ones, are two common charging methods for electric
tractors [19]. The availability of charging infrastructure is crucial for the
widespread adoption of electric tractors on farms [20].

The development of efficient and affordable charging infrastructure, along
with advances in charging technology, will contribute to the successful integration
of electric tractors into agricultural operations [21]. In addition, ensuring that
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electric tractors are fully charged before use is essential to maximize their
performance and efficiency [22].

Electric vehicles mainly use two types of motors: direct current (DC)
electric motors and alternating current (AC) electric motors.

Direct current (DC) electric motors are the oldest and simplest types of
motors used in electric vehicles. They work by feeding a constant electric current
into the motor windings, which creates a stable magnetic field.

Alternating current (AC) electric motors are more often used in modern
electric vehicles, including electric cars. AC motors offer higher efficiency and
more power than DC motors, and are better suited for higher-power applications.
These can be either induction (asynchronous) AC motors or synchronous AC
motors. Synchronous AC motors offer more precise speed control and potentially
greater efficiency, but they require a more complex control system.

It is important to note that these are only the two main types of motors used
in electric vehicles.

3. Economic and environmental impact of electric tractors

The adoption of electric tractors in agriculture can result in significant cost
savings and long-term financial benefits. While electric tractors may have a higher
initial cost compared to their diesel counterparts, they are much cheaper to operate
and maintain [23]. According to a case study conducted in 2021 by Future Farming,
which compares a diesel-powered vineyard tractor from John Deere, with an
electric tractor, MK-V, built by Monarch, used for mowing operations with a total
operating time of 1000 hours per year, it was demonstrated that electric tractors can
provide fuel savings of up to $2,655.71 per year, along with a reduction of 109.83
kg of CO2e emissions. [24]. These cost savings, along with the potential for
government incentives and subsidies, make electric tractors an economically viable
option for farmers in the long term. In addition, reduced dependence on fossil fuels
can protect farmers from fuel price fluctuations, further enhancing their financial
stability.

Electric tractors play a crucial role in reducing greenhouse gas emissions
and air pollution associated with traditional diesel tractors. Diesel tractors are a
significant source of carbon dioxide (CO2) emissions and other harmful pollutants.
By switching to electric tractors, farmers can help reduce greenhouse gas emissions
and improve air quality in their communities [2]. Government programs provide
financial support to farmers to purchase cleaner and more durable equipment,
including electric tractors [25]. Widespread adoption of electric tractors can have a
substantial impact on reducing carbon emissions and mitigating climate change
[26]. For example, Frito-Lay Modesto's transformation resulted in a 91% reduction
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in greenhouse gas emissions from their fleet [27]. By choosing electric tractors,
farmers can actively contribute to a healthier and more sustainable environment.
Electric tractors are part of a wider movement towards sustainable farming
practices. [28]. Electric tractors offer a solution by creating a more sustainable
future in agriculture [29]. By reducing their reliance on fossil fuels, farmers can
minimize their carbon footprint and promote renewable energy solutions [30].
Sustainable agricultural practices, including the use of electric tractors, promote
environmental stewardship and ensure the long-term viability of farmland [31]. The
adoption of electric tractors not only benefits farmers financially, but also
contributes to the overall health of the ecosystem and communities they serve.

4. Case Study: Mounting the Electric Drive System to the Chassis

This case study describes how to mount an electric propulsion system on an
agricultural chassis.

The simplest case is when the chassis exists and there is already a thermal
engine mounted on it. The existence of the thermal engine is helpful because, in this
way, we can choose the future engine that will equip the chassis. The simplest
criterion for deciding on the electric motor is that it has a power close to, if not
equal to, that of the thermal engine. Another characteristic is the torque, which must
be very close in value to that generated by the thermal engine.

One of the reasons why the two motors must have roughly the same
characteristics is that with the existing heat engine, there are a number of auxiliary
systems that are attached to the engine and have operating characteristics designed
for them. For example, the power steering pump or the hydraulic pump intended
for machines that are towed have maximum speeds that cannot be exceeded. Also,
if the existing gearbox on the tractor is used, it is designed for certain maximum
torque values.

The chassis chosen for the experiments was that of a vegetable tractor,
equipped from the factory with a gasoline-powered thermal engine with a maximum
developed power of 14 kW (Fig.1).

Fig. 1. Vegetable chassis with battery mounted
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The chassis has been slightly modified to accommodate the battery, but a
new motor mount has also been designed, allowing it to be mounted or removed
easily.

The engine was coupled to the gearbox by means of an elastic coupling
specially designed and made to fit the engine and gearbox.

After mounting the motor and battery, all the necessary control and
monitoring devices for the propulsion system were installed. Among these, we
mention the charger, the connection box (Fig. 2), the 12 V battery, and the
accelerator pedal.
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Fig. 2. Electrical wiring diagram provided by Curtis Instruments [32]

To make the connections between the devices that made up the propulsion
system, the schemes provided by the manufacturers on the Internet were used at no
additional cost.

After mounting all the devices and making the connections, the system was
started, and the experiment went to the next stage: configuring the controller for the
mounted motor and configuring communication on the CAN bus between the
controller, BMS, and charger. Configuration was done using dedicated interfaces
and software created by each individual manufacturer.

Solutions from Curtis Instruments and BMS manufacturer Orion were used
for the configuration. The Model 1313 handheld programmer was used for the
motor controller, and the USB CAN interface was from Orion.

The program used was the CANdapter Utility Suite for configuring the
BMS, which can be downloaded for free from www.ewertenergy.com.
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Cheaper solutions can be used to configure the system. These are made
using Arduino or Raspberry Pi development boards, to which CAN interfaces are
attached. When such solutions are used, a higher degree of knowledge and above
average experience in using these boards is required.

After all the electronic devices were configured and checked to ensure that
they had the correct parameters, the tractor was subjected to a series of tests.

5. Experiments made with the tractor

The experiments with the electric drive tractor were particularly focused on
the analysis of the data provided by the control devices in the drive system in
various real-world situations and the operation mode of the loading devices.

Test conditions: maximum rotor speed 2300 rpm, maximum torque (from
the motor characteristics chart) approximately 200 Nm, flat asphalt or stubble
ground, ambient temperature 24-27 °C, humidity 40-60 %, wind speed 1-1.2 m/s,
maximum travel speed 15 km/h (Fig.3). Note that such an electric vegetable tractor
chassis does not have a hydraulic pump installed and as a result cannot be used with
machinery that requires power hydraulic power from the tractor.

Figures 4 to 7 show a small part of the data that is saved by the propulsion
system and is used only as an example of the use of the technical solutions that are
available to the user for controlling the devices that make up the electric propulsion.

Fig. 3. The electric tractor on the test track within INMA Bucharest

The tests were carried out at INMA Bucharest on a track specially set up for
off-road testing of agricultural vehicles.

Operating parameters were recorded by SD memory cards, which are fitted
to the BMS and motor controller.
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The files generated by BMS are of the form "name file.odl" which has
saved the date and time. These files can be viewed by the Orion BMS 2 Software
Utility program (Fig.4), which has the possibility to convert these files into the
"file name.csv" format. These converted files can be used with the program created
by Microsoft, Excel.
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Fig. 4. Example of displaying an "odl" file directly w1 the program created by Orion

Entering the "CSV" file into Microsoft Excel results in a table like the one
in figure 5. It is possible that because of using the regional packages of the Office
suite, for example, Romanian or English, values in Excel are "n" times higher than
in reality. The data must be verified before processing.
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Fig. 5. Example of a "csv" file shown in Microsoft Excel program
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The interface with the motor controller saves parameters during operation
in the form of "file name.xlIs" but practically after the files have been copied to a
computer, they can be renamed without problems to "file name.txt" and thus can
be read with any text editor (Fig.6).
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Fig. 6. Example file generated by the 1313 interface from Curtis

After the text file is inserted into an XLS file, we can process the data and
find out, for example, the variation of the voltage on the motor, the variation of the
current through the motor coil, or the variation of the generated torque.

Devices in the propulsion system perform parameter saving every second.
When the travel time is higher, it is possible that the high number of lines in the
table is too large to work with Excel; therefore, there are solutions that can do the
work with these files more easily. One can use Python 3.8.10 with pandas and
datetime libraries to read "CSV" files, and the output for the same file is shown in
figure 7.
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Fig. 7. Example of data processing using the high-level programming language Python
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The most important parameters that are recorded are: battery voltage,
battery current, number of cells, cell temperature, cell operating status, rotor speed,
motor temperature, current through the rotor coil, and voltage at the motor
terminals.

When all these variables are known, the transmission characteristics and
wheel radii can be calculated, and the required parameters are of research interest.

To calculate the moment reaching the wheel from the motor, the following
relation is used [33]:

T = igion: Ty (1)
Knowing the relationship of traction force:
Fo=12 @)
Ta
If we substitute relation (2) into (1) we have the traction force:
_ Tpiglone
Fe === 3)
To find out the travel speed:
__TNyTg
V=—-= 4)
or:
_ TNpT'g
" 30ig4io (5)

Where: T, is the torque reaching the wheel [Nm];
ig 1s the gear ratio to the rear differential;
1o is the gear ratio of the rear differential;
Tp is the torque from the motor [Nm];
1 1s the transmission efficiency [%];
F. is the traction force [N];
V is the travel speed [m/s];
rq is the radius of the deformed wheel [m];
Np is the motor rpm [rpm];
No is the wheel rpm [rpm];

When all the known data is substituted in the above relations the following variables

can be calculated: V, Fy, No, T, and 7=95%. The results are presented in the tablel
Table 1

Calculation of the wheel rotation speed, travel speed, wheel torque and traction
force as a function of engine speed.

No (rpm) | T, (Nm) Fi (N) 1g 1o Tp (Nm) | V(m/s) | rq(m) | Np (rpm)
7,57 9097,79 7278,23 58 | 11,38 142,1 0,991 1,25 500
15,15 8982,55 7186,04 58 | 11,38 140,3 1,983 1,25 1000
22,72 8822,49 7057,99 5,8 | 11,38 137,8 2,974 1,25 1500
30,30 8636,82 6909,45 58 | 11,38 134,9 3,966 1,25 2000
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In order to determine the actual energy consumption of the battery, an 800
m route was carried out on a flat asphalted ground with a 2000 kg trailer for 5
minutes. The average speed of the tractor recorded with the help of a GPS was 9
km/h. The results that were recorded by the BMS, the voltage and current variation,
are shown in the figure 8.
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Fig. 8. Variation of voltage and current during the movement of the electric tractor with a load of
2000 kg.

Knowing the values by which the voltage and current that is supplied to the
electric motor of the tractor varies, the power that was supplied by the battery during
the movement can be determined. Figure 9 shows the graph with the power
variation calculated using the data saved in the BMS memory.
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Fig. 9. The variation of the power supplied by the battery while driving for 5 minutes
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Thus, with the help of the data recorded by the electric propulsion system,
it is possible to optimize the parameters so that the results we want are obtained.

Using the consumption information, greater autonomy can be achieved, or
the system can be configured to use more energy when needed.

In the experiments carried out with the chassis of the vegetable tractor, on
which a 16 kW motor powered by a 17 kW Li-ion battery was mounted, the result
was a maximum autonomy of 5 hours without load and 3.6 hours with a load of
2000 kg.

In figure 10 it is shown the charging graph, when the battery is charging the
current is shown with negative values.
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Fig. 10. The amperage graph of the tractor when it is powered from 220v with 32 A

The charging time depends a lot on the network through which it is powered.
If it is powered by 220 V and 6 A, the maximum charging time is about 12 hours,
but it drops to 3 hours if it is charged by 220 V and 32 A.

6. Conclusions

In conclusion, electric tractors offer numerous benefits that make them a
viable and sustainable option for modern farming practices. Reduced reliance on
fossil fuels not only lowers operating costs but also increases efficiency. The use of
batteries and controllers allows precise control and adjustment of the tractor's
performance. In addition, the economic and environmental impact of electric
tractors cannot be overlooked. The cost savings and long-term financial benefits
make them an attractive option for farmers. In addition, reducing greenhouse gas
emissions and air pollution contributes to a healthier environment and promotes
sustainable agricultural practices. Overall, electric tractors have the potential to
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revolutionize the agricultural industry and pave the way for a greener and more
sustainable future. At this moment, the production, integration, and use of electric
current as a fuel from a financial point of view may seem expensive and inefficient,
but the long-term calculation shows that, on the contrary, this technology will bring
great financial benefits, especially from the point of view of the impact on the
environment.

Environmental concerns are becoming an increasingly important topic for
modern man. It's only a matter of time before internal combustion engine vehicles
are overshadowed by electric vehicles.
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