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ABSTRACT

The research optimizes electric consumption in agricultural excavator booms by integrating electromechanical
actuators and Power-by-Wire technologies. Utilizing a PID controller reduces electric motor peak current
consumption, enhancing battery longevity. The research, carried out on a reduced-scale experimental stand,
reveals the potential applications of the excavator arm equipment in agriculture, such as the precise location
of irrigation systems, arrangement of terraces for orchards or vineyards, setting up greenhouses, and efficient
unloading/loading of bulk materials. These applications signify the versatility and adaptability of electrically
powered excavators in addressing diverse agricultural needs, emphasizing the significance of the developed
mechatronic system for enhancing efficiency and sustainability in agricultural practices.

REZUMAT

Cercetarea optimizeazd consumul electric in brafele excavatoare agricole prin integrarea actuatorilor
electromecanici si a tehnologiilor Power-by-Wire. Utilizarea unui controler PID reduce consumul maxim de
curent al motorului electric, imbunéatatind durata de viatd a acumulatorilor. Cercetarea, derulatd pe un stand
experimental la scard redusd, promite aplicatii potentiale ale echipamentului bratului excavator in agricultura,
precum Jocalizarea sistemelor de irigatii, amenajarea teraselor pentru livezi sau vie, infiintarea serelor si
incarcarea/descércarea eficientd a materialelor vrac. Aceste aplicatii semnifica versatilitatea si adaptabilitatea
excavatoarelor electrice in abordarea diverselor cerinfe din agriculturd, subliniind importanta sistemului
mecatronic dezvoltat pentru imbunatatirea eficientei si durabilitétii in practicile agricole.

INTRODUCTION

In view of global and EU efforts through the European Green Pact (*** The European Green Deal) to
reduce greenhouse gas emissions, agricultural equipment will in future be powered by electricity (Soofi et al.,
2022). Thus, electrically powered agricultural tractors are increasingly present on farms to carry out various
specific activities.

As has recently been shown (*** Research and Markets, 2023), the electric agricultural tractor market
was valued at $98.7 million in 2022 and is projected to reach $234.0 million by 2028, growing at a CAGR of
14.06% between 2023 and 2028. The price of tractors in agricultural operations is influenced by the trend of
electrification and automation of agricultural machinery.
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The electric agricultural tractor has seen an exponential increase in interest among farmers,
manufacturers and researchers in the agricultural industry (Mao et al., 2022; Scolaro et al., 2021; Troncon and
Alberti, 2020; Mocera et al., 2023; Dhond et al., 2021), with electric vehicle (EV) sales reaching record highs.
The presence of electric tractors on modern agricultural farms is also influenced by farmers' desire to use
renewable sources to power them. The presence of electric tractors allows the introduction of modern
technologies such as GPS guidance, automation of work processes, technologies that increase the productivity
of agricultural activities.

Depending on the application, electric tractors can be classified into: tractors for light duty, tractors for
medium duty, tractors for heavy duty. In the top position in the electric agricultural tractor market are light-duty
tractors (Khatawkar et al., 2019; Matache et al., 2020; Jia et al., 2018; Moreda et al., 2016), with a share of
50.98% in 2022. The high demand for light-duty electric agricultural tractors is due to their low mass, better
battery performance and low cost compared to heavy-duty tractors (*** Research and Markets, 2023; Matache
etal., 2020). Also, in some countries there are increasingly strict regulations on the use of conventional tractors
that do not meet new environmental standards. The world's leading manufacturers of electric agricultural
tractors include Deere Company, Mahindra Group, Kubota Corporation, Yanmar, Massey Ferguson, Farmtac,
Dongfeng, Kioti Tractor, New Holland, etc. (*** IRB Tranding Market Insights, 2023).

In agriculture, the tractor is the basic equipment and for various agricultural activities various pieces of
equipment (implements) are attached to it such as: ploughs; seeders; mowers; cultivators, etc. (Magnusson
and Pettersson, 2023; Varani et al., 2021; Un-Noor et al., 2022). Implements are accessories that help farmers
to increase their productivity and to be able to perform several types of work with the same tractor (***
Dataintelo). Implement manufacturers have developed a type of implement that turns the agricultural tractor
into an excavator (see Fig.1). Generally, these implements are mounted at the rear of the tractor and are
equipped with a boom, handle and bucket, turning the agricultural tractor into a mini-excavator. More and more
farmers are using this type of equipment for small projects on a farm such as: transplanting trees, moving
manure, proper excavation operations; moving agricultural soil, digging ditches, levelling small areas, precise
location of irrigation systems, arrangement of terraces for orchards or vineyards, setting up greenhouses,
efficient unloading/loading of bulk materials, etc. (*** Holt Ag Solutions). This equipment is recommended to
be used for short seasonal works, in which case it reduces labour costs and ensures greater safety in
execution, but for large works this equipment cannot be used in place of classic excavators (*** Victory Tractor
Implements, 2022; *** Diamond B Tractors & Equipment).

In the above context, there is a need for the development of couplings for electric agricultural tractors.
While in the case of conventional tractors the tractor's hydraulic system or a power take-off is used to generate
the energy needed to operate the hitch, in the case of electric tractors one wants to use the electrical energy
from the tractor battery. The operation of the tractor battery for the coupling means, in the case of electrically
operated couplings, to develop novel solutions for the operation of the coupling using electromechanical
actuators.

PBW (power-by-wire) technologies, with distinctive design approaches, aim to extend the use of
electromechanical actuators from aircraft control systems to the operation of various agricultural equipment.
An electric actuator system using PBW technologies transports power between systems "through cables
instead of traditional hydraulic lines, which improves performance.
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Advantages of PBW actuators include: increased system safety and reliability due to the absence of
flammable and hazardous hydraulic fluids; reduced weight, volume and complexity of power transmission;
easier maintenance and lower associated costs due to the absence of hydraulic leakage; increased energy
efficiency and improved dynamic characteristics (Qiao et al., 2018). Another advantage of eliminating actuation
of implements by electromechanical actuators for agricultural tractors is the elimination of the risk of soil or
plant contamination from hydraulic oil leaks.

The field of electric tractor drive systems using electric power is a new field that is continuously
developing. Like any new element, it has difficulties in implementing solutions on a large scale due to lack of
experience and knowledge of drive solutions, energy storage, reliability and lack of trained technical staff to
ensure maintenance work. The presented research examines the use of an electromechanical actuator in the
actuation of a mini-excavator boom by testing it on a stand simulating digging activities.

MATERIALS AND METHODS

In order to study the actuation of implements using electromechanical actuators for electric tractors,
the authors used an experimental stand to simulate digging processes for an excavator boom. The stand is
built considering the geometry and the actuation mode of an excavator boom; the digging process is simulated
by using weights that are placed at the boom level, as in Fig. 2. The experimental stand, shown in Fig. 3, is
composed of four main subsystems: the boom, chassis metal structure subsystem; the actuation subsystem
with electromechanical actuator; the actuator control subsystem; the motion and electrical energy monitoring
subsystem.

1

Fig. 2 - Experimental stand block diagram

Block diagram of the experimental stand, shown in Fig. 2, is composed of the following elements: 1 -
relay block and PWM (Pulse-width modulation) 12 V /40 A; 2 - CONTROLINO MAXI 100-100-100 12 V
controller; 3 - HIOKI PW 3198 electrical energy analyser; 4 - Deep Cycle Gel battery, voltage 12 V and 153
Ah; 5 - PC for control and data recording; 6 - electromechanical actuator powered at 12 V with 5000 N actuation
force; 7 - rotary encoder E40S6-50-3-T-24 for determining the angular position of the boom; 8 - rotary encoder
system E40S6-50-3-T-24 for measuring the speed of movement of the electromechanical actuator; 9 - data
acquisition board - Arduino MEGA 2560 R3 (100 Hz experimental data acquisition frequency and 0.1 seconds
plotting interval); 10 - excavator boom - welded metal structure; 11 - experimental stand chassis - welded metal
structure; 12 - test weight.

The movement of the boom is achieved by the electromechanical actuator (Fig. 4) which is controlled
by the PC via the Controlino PLC controller connected to the relay and PWM block (PWM DC Motor Speed
Controller HHO-RC, 40 A continuous current and 2000 W maximum power).
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The simulation of loads during digging is performed with the help of masses having different values
(1.56, 6.25, and 12.5 kg), in total 20.31 kg. The PC control allows to change the direction of movement and
speed of the electromechanical actuator with the help of relays. Movement monitoring is performed by means
of two systems: a rotary encoder system mounted by means of a toothed belt transmission with a ratio of three
on the excavator boom shaft, which records the angular position and angular speed of the excavator boom; a
rotary encoder system mounted between the actuator rod and the actuator housing, which by means of a
toothed belt measures the displacement and speed of the electromechanical actuator.

N

Fig. 3 - Experimental stand

The monitoring system of the electrical energy consumed by the electromechanical actuator is realized
with the HIOKI PW 3198 current analyser. The HIOKI PW3198 power quality analyser has the measurement
accuracy Voltage: +0.1% of nominal voltage; Current: £0.2% rdg. +0.1 % f.s. + current sensor accuracy; Active
power: £0.2 % rdg. £0.1 % f.s. + current sensor accuracy (*** Hioki E.E. Corporation). The equipment,
throughout the tests, collected data on supply voltage, current and electrical energy absorbed by the
electromechanical actuator. The data stored in the storage medium of the equipment were analysed with the
PQ ONE software which allows the presentation of the values of the electrical energy absorbed by the
electromechanical actuator in graphical or tabular form (*** Hioki E.E. Corporation, 2023).

Fig. 4 - Electromechanical actuator section view
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The electromechanical actuator (Fig. 4) consists of the following components: a 12 V / 250 W / 3000
rpm permanent magnet DC motor (PMDC Motor) (1), a PCM040U worm gear reducer (2) with a transmission
ratio i = 60, a BSH 12 x 04 ball nut (3), an E40S6-50-3-T-24 rotary encoder (4), a 2GT-6 mm toothed belt
transmission (5), and a C7 12 x 04 ball screw (6). The operation involves the electric motor transmitting
rotational motion to the ball screw, subsequently converted into translational motion by the ball nut, connected
to the actuator drive rod (8). The translational motion is monitored by a toothed belt transmission, transforming
it into rotational motion at the encoder level. The encoder's rotation, with a pitch diameter of 12.22 mm, results
in a 12.22 mm displacement of the actuator drive rod (8) relative to the fixed part of the actuator (9).

RESULTS

On the excavator boom with a 20.31 kg load attached, three experiments were conducted, that is
3 case scenarios were implemented. The first two result sets "1" and "2" comparatively illustrate the
dynamic variations of various system parameters for constant control voltages with values of + 12 V and
+ 5V, in intervals of 25 seconds with 5 second pauses. The two sets of dynamic variations of the
parameters presented in Fig. 5 vary due to the control input (voltage); in the first case ("1”), the command
is directly applied, while in the second case ("2”), a one-second delay (a ramp function) is employed. In
the latter case, the command value gradually increases, reaching its maximum value after one second.
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Fig. 5 - Dynamic variation of the system parameters corresponding to the experiments in cases no."1" and "2"
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In Fig. 5, one can notice how the ramp function used for system control voltage in case "2" has a
positive influence on the system. Specifically, in comparison with the system in case "1", the graph
depicting the instantaneous current absorbed by the PMDC motor shows that at system startup, the
absorbed current is much lower, as is the case with the absorbed power. In the remaining graphs
variations are negligible.

In the third experiment (case no. "3"), the system's power supply voltage was continuously
controlled by a PID controller, tasked with regulating the rotation speed of the excavator boom. The PID
controller was implemented in software using the "Arduino PID Library - Version 1.2.1" by Brett
Beauregard (Beauregard, 2017), and for plotting the graphs, the "Matplotlib 3.8.2" library (*** Matplotlib
3.8.2 documentation) was used.

The automatic control system's performances are depicted in Fig. 6, providing an overview of
these performances in the top row graphs, where the control setpoint is compared with the relative angular
velocity of the boom, on the left, while the instantaneous control error is presented on the right. Details of
these variations are shown in the graphs below, revealing that the absolute control error of the automatic
control system has a maximum value of 6.32%.

—— control setpoint [rpm] —— control error [rpm]
—— boom relative angular velocity [rev/min]
0.20 0.008
0.18 +
0.006
3 0.16 T
o Q
= 0.14 = 0.004
2z 2z
g 0.12 )
o 0.002
2 0.10 - =
s s
& 0.08 2 0.000
& s
o 0.06 4 o
2 2-0.002
£ 0.04 s
e [
0.02 4 -0.004 4
0.00
T T T T T -0.006 T T T T T
0 10 20 30 40 50 60 0 10 20 30 40 50 60
time [s] time [s]
DETAIL —— control setpoint [rpm] DETAIL —— control setpoint [rpm]
—— boom relative angular velocity [rev/min] —— boom relative angular velocity [rev/min]
0.100
] 0.094
T 0095 ] 7 0.092
= B
'5 ; 0.090
£ £
S 0.090 =} B
2 2 0.088
> >
5 5 0.086 |
3 B
2 0.085 &
o © 0.084 -
o 3
2 4 2
S =1
3 P, WM M, % oo |
T 0.080 ] by \S VY £
0.080 7Y
N Vi XA
0.075 T T T T T T T 0.078 T T T
24 26 28 30 32 34 36 33 34 35 36 37
time [s] time [s]
DETAIL —— control error [rpm] DETAIL —— control error [rpm]
0.006
0.004 4
— 0.004 =
T T 0.003
B g
2 0.002 2 0.002
] o
o o
s S 0.0014
5 0.000 5
3> >
2 2 0.000 4
L fﬂ
o -0.002 o
& £
= £ -0.001 +
[ v
-0.004
0,00 -0.002
-0.006 T T T T T T T -0.003 T T T
24 26 28 30 32 34 36 33 34 35 36 37
time [s] time [s]

Fig. 6 - Dynamic performance of the system equipped with a PID controller - case no. "3"

Also, in Fig. 6, one can notice how the mechanical clearances within the mechatronic system
controlling the excavator boom have a negative impact on the system's control performance.
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These small mechanical clearances cause the error to asymmetrically oscillate around the 0 value,
and the significant inertia of moving masses influences the control error, forcing it to briefly exceed the
prescribed value.

The dynamic variation of the system parameters corresponding to the experiments in case no. "3"
are presented in Fig. 7.

Moreover, in the graphs of Fig. 7, one can see how the control voltage continuously varies, except
for the first and last 5 seconds when the voltage has low values and the current has high values, while
the power consumed by the system has low values. This behaviour occurs when the PID controller tries
to keep maintain system stability around the value of O for the displacement velocity and is caused by
mechanical clearances and the inertia of moving masses. Such behaviour can potentially be avoided by
implementing an automatic tuning of the PID controller and minimizing mechanical clearances.
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Fig. 7 - Dynamic variation of the system parameters corresponding to the experiments in case no. "3"

Also in Fig. 7, compared to Fig. 5, one can notice that the peak power consumed by the system
has lower values, although a direct comparison cannot be made, and most importantly, the current
absorbed by the electric motor no longer exceeds the value of 40 A, leading to an extension of the number
of charge and discharge cycles of the battery.
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Fig. 8 displays the energy used by the system in cases no. "1" and "2"; on this figure, one can see
that the energy consumed by the system in the first two cases is virtually identical. Any small differences
can be attributed to measurement errors and the slight influence of the ramp function on energy
consumption.
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Fig. 8 — The energy used by the system in cases no."1" and "2"

Fig. 9 displays the energy used by the system in case no. "3". Although the time variation of energy
consumed by the system in this case is, on the right half of the graph, relatively similar to the time variation of
energy consumed by the system in cases “1” and “2”, they cannot be compared because they have different
operating cycles.
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Fig. 9 — The energy used by the system in case no. "3"
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CONCLUSIONS

The research highlights the feasibility of optimizing electric consumption in agricultural
implements, specifically focusing on electrically powered excavator booms. By proposing and
implementing an electric drive solution with electromechanical actuators, the article establishes a
foundation for enhancing the efficiency of electrically powered agricultural machinery. The integration of
Power-by-Wire (PBW) technologies, highlighted in the research, showcases the feasibility of using
electromechanical actuators in agricultural equipment. The advantages of PBW, such as increased safety,
reduced weight, and improved energy efficiency, show the feasibility of extending these technologies
beyond aircraft control systems to enhance agricultural machinery.

Notably, the study reveals that the reduction in the current absorbed by the electric motor,
particularly observed when utilizing a PID controller, contributes to improved battery longevity. The
findings emphasize the crucial role of controlling the motor current in enhancing the overall efficiency and
extending the lifespan of electric vehicle batteries.

In conclusion, the results presented in this article shed light on the dynamic performance of the
mechatronic system controlling the excavator boom under various experimental conditions. The
comparison of different control scenarios, including the direct application of commands and the use of a
ramp function and a PID control revealed the impact of mechanical clearances and mass inertia on the
system's control accuracy. The implementation of a PID controller demonstrated improvements in system
stability, with potential benefits in terms of power consumption and the lifespan of the battery. However,
challenges such as asymmetric oscillations and brief deviations from the setpoint were identified,
underscoring the importance of automatic PID tuning and the reduction of mechanical clearances for
enhanced system performance. These findings contribute valuable insights to the ongoing research in the
field of mechatronic systems for electrically powered excavators and agricultural machinery, emphasizing
the significance of addressing mechanical uncertainties for optimal control and energy efficiency.

ACKNOWLEDGEMENT

This research was funded by Internal Competition Programme for the financing of scientific research
in UTCB (project acronym SOLUT, code UTCB-CDI-2022-016). This paper has also received financing under
a project funded by the Ministry of Research, Innovation and Digitalisation through Programme 1—
Development of the national research and development system, Sub-programme 1.2—Institutional
performance—Projects financing the R&D&I excellence, Financial Agreement no. 18PFE/30.12.2021.

FUNDING
This article was funded by UTCB, grant number CNFIS-FDI-2023-F-0655.

REFERENCES

[1] Beauregard, B., (2017), br3ttb / Arduino-PID-Library, Arduino PID Library - Version 1.2.1.
https://github.com/br3ttbh/Arduino-PID-Library

[2] Dhond, R., Srivastav, U., Patil, B. T., & Vaishnav, H. (2021). Comparative Study of Electric Tractor and
Diesel Tractor. IOP Conf. Series: Materials Science and Engineering, 1168, 012003. International E-
Conference on "Cutting Edges in Mechanical Engineering" (CEME 2020), 20th February 2021, Greater
Noida, India. https://doi.org/10.1088/1757-899X/1168/1/012003

[8] Jia, C., Qiao, W., & Qu, L. (2018). Modeling and control of hybrid electric vehicles: A case study for
agricultural tractors. 2018 IEEE Vehicle Power and Propulsion Conference (VPPC), Chicago, IL, USA,
1-6. https://doi.org/10.1109/VPPC.2018.8604997

[4] Khatawkar, D. S., Shaji James, P., & Dhalin, D. (2019). Modern trends in farm machinery-electric drives:
A review. International Journal of Current Microbiology and Applied Sciences, 8(1), 83-98.
https://doi.org/10.20546/ijcmas.2019.801.011

[5] Magnusson, J., & Pettersson, E. (2023). Electrifying Agricultural Implements. A study of design
implications of electrification. Jénkdping University, School of Engineering, Sweden.

[6] Mao, Y., Wu, Y., Yan, X,, Liu, M., & Xu, L. (2022). Simulation and experimental research of electric
tractor  drive  system based on Modelica. PLoS  ONE, 17(11), e0276231.
https://doi.org/10.1371/journal.pone.0276231

343


https://github.com/br3ttb/Arduino-PID-Library
https://doi.org/10.1088/1757-899X/1168/1/012003
https://doi.org/10.1109/VPPC.2018.8604997
https://doi.org/10.20546/ijcmas.2019.801.011
https://doi.org/10.1371/journal.pone.0276231

Vol. 71, No. 3 / 2023 INMATEH - Agricultural Engineering

[7]

(8]

(9]

[10]

[11]

[12]
[13]

[14]

[15]

[16]
[17]
[18]
[19]
[20]
[21]

[22]
(23]

[24]

[25]

Matache, M. G., Cristea, M., Gageanu, |., Zapciu, A., Tudor, E., Carpus, E., & Popa, L. D. (2020). Small
power electric tractor performance during ploughing works. INMATEH - Agricultural Engineering, 60(1),
123-128. https://doi.org/10.35633/inmateh-60-14

Mocera, F., Soma, A., Martelli, S., & Martini, V. (2023). Trends and future perspective of electrification
in agricultural tractor-implement applications. Energies, 16(18), 6601.
https://doi.org/10.3390/en16186601

Moreda, G. P., Mufioz-Garcia, M. A., & Barreiro, P. (2016). High voltage electrification of tractor and
agricultural machinery — A review. Energy Conversion and Management, 115, 117-131.
https://doi.org/10.1016/[.enconman.2016.02.018

Qiao, G., Liu, G, Shi, Z., Wang, Y., Ma, S., & Lim, T. C. (2018). A review of electromechanical actuators
for More/All Electrical aircraft systems. Proceedings of the Institution of Mechanical Engineers, Part C:
Journal of Mechanical Engineering Science, 232(22), 4128-4151.
https://doi.org/10.1177/0954406217749869

Scolaro, E., Beligoj, M., Perez Estevez, M., Alberti, L., Renzi, M., & Mattetti, M. (2021). Electrification of
agricultural machinery: A review. IEEE Access, 9, 164520-164541.
https://doi.org/10.1109/ACCESS.2021.3135037

Soofi, A. F., Manshadi, S. D., & Saucedo, A. (2022). Farm electrification: A road-map to decarbonize
the agriculture sector. The Electricity Journal, 35(2), 107076. https://doi.org/10.1016/.te].2022.107076
Troncon, D., & Alberti, L. (2020). Case of study of the electrification of a tractor: Electric motor
performance requirements and design. Energies, 13(9), 2197. https://doi.org/10.3390/en13092197
Un-Noor, F., Wu, G., Perugu, H., Collier, S., Yoon, S., Barth, M., & Boriboonsomsin, K. (2022). Off-road
construction and agricultural equipment electrification: Review, challenges, and opportunities. Vehicles,
4(3), 780-807. https://doi.org/10.3390/vehicles4030044

Varani, M., Mattetti, M., & Molari, G. (2021). Performance evaluation of electrically driven agricultural
implements powered by an external generator. Agronomy, 11(8), 1447.
https://doi.org/10.3390/agronomy11081447

*** Dataintelo, Agricultural Equipment Attachments Market Research Report 2023-2031. Report ID:
103153. https://dataintelo.com/report/agricultural-equipment-attachments-market/

*** Diamond B Tractors & Equipment, How to Choose the Perfect Tractor Attachment Backhoe.
https://www.diamondbtractors.com/how-to-choose-the-perfect-tractor-attachment-backhoe/

*rk Hioki E.E. Corporation, (2023), PQ ONE.
https://www.hioki.com/global/support/download/software/versionup/detail/id 562
*rk Hioki E.E. Corporation, Power Quality Analyzer PW3198.

https://www.hioki.com/global/products/pqa/power-quality/id 5824

***  Holt Ag Solutions, Different attachments and implements for farm equipment.
https://www.holtags.com/different-attachments-implements-for-farm-equipment

*** |IRB Tranding Market Insights, (2023), Report on Electric Agricultural Tractor Market: Size & Share
Analysis for 2031. https://www.linkedin.com/pulse/report-electric-agricultural-tractor-market-size/

*** Matplotlib 3.8.2 documentation. https://matplotlib.org/stable/

*** Research and Markets, (2023), Electric Farm Tractor Market - A Global and Regional Analysis: Focus
on Product, Application, Adoption Framework, Startup, Patent, Value Chain, and Country-Wise Analysis
- Analysis and Forecast, 2023-2028. https://www.researchandmarkets.com/report/electric-
tractors?gad source=1&gclid=CjwKCAiIAOsyqBhBxEiwAeNx9N a0KgF25f9-
UwWMG43Ni_KMzwcM1fBgg-d4216CUalskylPOPLuouxoCLYMQAVD BwE

*** The European Green Deal (Pactul verde european). https://commission.europa.eu/strategy-and-
policy/priorities-2019-2024/european-green-deal_ro

*** \fictory Tractor Implements, (2022), Backhoe Attachment For Tractor — Key Things You Need To
Know! https://etractorimplements.com/backhoe-attachment-for-tractor-key-things-you-need-to-know/

344


https://doi.org/10.35633/inmateh-60-14
https://doi.org/10.3390/en16186601
https://doi.org/10.1016/j.enconman.2016.02.018
https://doi.org/10.1177/0954406217749869
https://doi.org/10.1109/ACCESS.2021.3135037
https://doi.org/10.1016/j.tej.2022.107076
https://doi.org/10.3390/en13092197
https://doi.org/10.3390/vehicles4030044
https://doi.org/10.3390/agronomy11081447
https://dataintelo.com/report/agricultural-equipment-attachments-market/
https://www.diamondbtractors.com/how-to-choose-the-perfect-tractor-attachment-backhoe/
https://www.hioki.com/global/support/download/software/versionup/detail/id_562
https://www.hioki.com/global/products/pqa/power-quality/id_5824
https://www.holtags.com/different-attachments-implements-for-farm-equipment
https://www.linkedin.com/pulse/report-electric-agricultural-tractor-market-size/
https://matplotlib.org/stable/
https://www.researchandmarkets.com/report/electric-tractors?gad_source=1&gclid=CjwKCAiA0syqBhBxEiwAeNx9N_a0KgF25f9-UwMG43Ni_KMzwcM1fBgg-d42l6CUalskylP9PLuouxoCLyMQAvD_BwE
https://www.researchandmarkets.com/report/electric-tractors?gad_source=1&gclid=CjwKCAiA0syqBhBxEiwAeNx9N_a0KgF25f9-UwMG43Ni_KMzwcM1fBgg-d42l6CUalskylP9PLuouxoCLyMQAvD_BwE
https://www.researchandmarkets.com/report/electric-tractors?gad_source=1&gclid=CjwKCAiA0syqBhBxEiwAeNx9N_a0KgF25f9-UwMG43Ni_KMzwcM1fBgg-d42l6CUalskylP9PLuouxoCLyMQAvD_BwE
https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal_ro
https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal_ro
https://etractorimplements.com/backhoe-attachment-for-tractor-key-things-you-need-to-know/

