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Abstract 

The development of agricultural equipment technology has changed from the simple 
adjustment of the past to the current intelligent controllable. Electric tractors are 
developing in terms of ease of operation, high reliability and versatility. Due to the 
operating environment and functional requirements of electric tractors, there is still a 
big gap between cruising range, working time and total power and actual farmland 
operation requirements. There are mature electric tractor products in foreign countries, 
and China is still in the stage of primary research and development. There are few 
mature prototypes, and there are almost no products actually made in the market. At 
present, research hotspots mainly focus on the design and development of electric 
tractors, motors and power drive systems, battery and energy management, and system 
simulation. The development of electric tractors, from the initial mechanization to 
electrification, is now becoming intelligent and will eventually develop into intelligence. 
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1. Introduction 

Reducing carbon dioxide emissions is one of the core issues in current industry research, and 
agricultural machinery is no exception. In the traditional internal combustion engine type tractor, in 

the process of converting chemical energy into mechanical energy, there is a large loss of heat energy, 

sound energy, etc., and finally only about 20% of energy conversion can be achieved, and the energy 

efficiency of electric tractors will increase by 1.5-2 times. It is estimated that the combined use cost 

of electric tractors is about 30% of that of conventional internal combustion engine tractors. Reducing 

noise and exhaust emissions is also an advantage of electric tractors. Motor drives enable precise and 

dynamic control, and electric tractors can be turned into controllable. 

Foreign research on electric tractors has done a lot of research, and even some enterprises have come 

to the stage of practical products. In 2013, Yuko UEKA and others from Ehime University changed 

the tractor of 10kW internal combustion engine to electric tractor. Although the weight is increased 

by 81 kg, there is no adverse effect after the balance, and on the contrary, the rolling resistance is 

increased[1]. Compared with the internal combustion engine, the power consumption is reduced by 

more than 60%, and the CO2 emission is reduced by 70%. In 2017, John Deere released a prototype 

of a pure electric tractor, SESAM. The prototype can continue to supply 4 hours of working time or 

55 km of transport distance, charging time is 3 h, peak power can reach 294 kW (400 hp) [2]. In the 

same year, Aike also introduced the Fentte 100 Vario, a practical all-electric compact tractor with a 
power of 50 kW, which can run for up to 5 hours and the battery can be charged to 80% in 40 minutes 
[3]. 
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2. Electric tractor research 

The whole machine research of electric tractors is more complicated. It is necessary to 

comprehensively consider the selection and design of each component and the cooperation between 

them. Finally, it is necessary to set up a test bench for field test to verify the rationality and improve 

again. The development of electric tractors in China was influenced by the GT-5 series electric 

tractors developed by the Soviet Union in the 1930s and 1940s[4]. Songjiang Tractor Factory and 

Harbin Institute of Technology jointly developed the "Electric Cow" series electric tractors[5]. This 

series of electric tractors is limited by technology and is still powered by cable. 

Since the 21st century, with the development of electronic technology and the shortage of energy, the 

state and society have paid more and more attention to electric agricultural machinery. In 2001, 

Shenyang Agricultural University developed an electric rotary tiller, which can be selected from 

380V and 220V. The motor power is 1.5kW and the current is 3.7A and 9.2A respectively. The 
machine has a cultivating width of 900mm and a production efficiency of 266.8m2 (0.4mu)/hour[6]. 

In 2007, a miniature DC electric tiller was designed at the Agricultural Machinery Station of Changzhi 

City, Shanxi Province, and field trials were conducted. The machine uses a DC motor with a power 

of 380W and is powered by a 36V battery. Each time the battery is fully charged, it takes about 2kW•h 

and can be used continuously for 3.5-4h. The micro-cultivation, cultivating, weeding and fertilizing 

operations can be completed separately, and the utility model has the advantages of wide application 

range and low use cost[7]. In 2012, Professor Yang Fuzeng of the Northwest A&F University designed 

and manufactured a miniature remote-controlled electric tractor and conducted actual performance 

tests[8]. The machine has a minimum steering radius of 418mm and good steering maneuverability. It 

can be operated by hand-held remote control within 2-5 km[9-10], the working efficiency is 720 m2/h, 

and the continuous working time is 2.5h. 

 

Fig.1 Greenhouse miniature remote control electric tractor 

3. Development of key technologies for electric tractors 

3.1 Motor and its power system 

Because electric vehicles have different roads and functional requirements than cars, agricultural 

machinery needs more power. The resistance to the ground is large and irregular, and the driving 

speed is low. Therefore, based on the above characteristics, the motor has special requirements such 

as large driving torque, strong overload capability, high reliability, high instantaneous power, wide 

speed range, etc. It is important to select a drive motor suitable for the unique characteristics of 

electric tractors. [11] 

In 2009, Dr. Gao Huisong from Nanjing Agricultural University designed a transmission system 

solution combining a motor with a six-speed gearbox, using a series-excited DC motor. A set of 

design theory and calculation method for electric tractor drive system is proposed. According to the 

data of the design example, the relationship between the driving force, the grade and the speed in the 

six gear positions is calculated. And the relationship between the continuous operation time and speed 
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of one charge under transportation and single plowing conditions[12]. In 2014, Mo Zhenmin proposed 

four-wheeled independent electric drive tractors with adjustable ground clearance and adjustable 

track. The drive motor uses a permanent magnet synchronous motor. When driving at full speed on a 
road surface with an adhesion coefficient of 0.2, the traction force can be increased by 79.17% and 

the speed can be increased by 88.51%[13]. In 2015, Xie Bin and others of China Agricultural 

University adopted a two-motor-driven electric tractor program and a new design of the drive system. 

The transmission performance test was carried out, and the output torque was up to 1800 N•m[14] in 

the traction test. In 2015, Zhou Zhili of Henan University of Science and Technology took the Xingtai 

XT120 tractor as the prototype and carried out the transformation and analysis of the drive system. 

The traction motor used permanent magnet synchronous motor. From this, the speed and power 

curves are drawn, and the speed range of each gear is wide. The maximum traction is 3840N, and the 

longest continuous working time is 13.8h under the load rate of 55%[15]. In 2016, the team of Professor 

Mao Pengjun from Henan University of Science and Technology modified the traditional tractor. The 
drive motor uses a brushless DC motor and the battery is 8 12V batteries. Sliding mode variable 

structure control is proposed to deal with the uncertainty and robustness of field operations[16]. 

 

Fig.2  Mao Pengjun modified electric tractor test bench 

Sun Hongxia and others at China Agricultural University designed a dual-motor-powered planetary 

gear coupling device. The main motor adopts 72V/15kW permanent magnet three-phase DC 

brushless motor, and the speed regulating motor is 72V/7.5kW, which can realize the requirements 
of dual input and double output. Finally, the physical processing and preliminary experiments of the 

power coupling box were completed[17]. In 2017, Fang Shuping of Anhui University of Science and 

Technology took the Dongfanghong-200P tractor as the research object. The selection of main 

components such as motors, fixed gear ratio transmissions and batteries is theoretically calculated. 

The working time of the plowing operation at 6km/h is 5.7h[18]. In the same year, Shanggao Gao, 

from Jiangsu University, designed a drive system control strategy for crawler-type electric tractors. 

There are three modes: start mode, normal drive mode and failure mode. In the normal mode, the 

fuzzy self-adjustment is controlled by PID. In the failure mode, the battery discharge current and the 

motor output power and torque are limited to realize the limp control, so that the SOC value of the 

battery is lowered slowly[19-20]. 

3.2 Battery and its energy management 

At present, battery technology has been developed for three generations. The first generation battery 

is a lead-acid battery; the second generation battery is a high-energy battery; the third generation 

battery is represented by a fuel battery. There is much research on the energy management of electric 

vehicles, but the energy management of electric tractors is still relatively small. In 2018, Liu Mengnan 
of Xi'an University of Technology designed a 18.5 kW electric tractor composite power supply 

scheme using a DC-DC converter parallel supercapacitor, and a power distribution controller, and 

tested the model in the loop[21]. 
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Fig.3 Test bench for crawler type electric tractor 

3.3 Electric tractor system simulation 

In 2009, Gao Huisong of Nanjing Agricultural University carried out secondary development of 

ADVISOR, and established a simulation model system of electric tractor consisting mainly of 
vehicles, wheels, final drive, gearbox, motor and battery. The transportation test conditions were input 

into the system, and the performance of a certain type of electric tractor was simulated and 

analyzed[22]. In 2016, Liu Mengnan of Xi'an University of Technology and other countries took the 

Dongfanghong 500 tractor as the prototype, and used CRUISE to establish an extended program 

electric drive system simulation platform and established a rotary tiller simulation model. Through 

the analysis of the simulation platform of the electric tractor rotary tiller, the fuel consumption of the 

Dongfanghong 500 tractor rotary tiller was reduced by 34.4%[23]. 

 

Fig.4 Extended Range electric tractor simulation model 

In 2017, Xu Liyou and others from Henan University of Science and Technology directed an electric 

tractor with an extended-program dual-motor four-wheel drive. The front traction motor drives the 

front wheel to travel, and the rear traction motor drives the rear wheel and PTO output. A torque 
distribution strategy based on fuzzy logic is proposed. Using AVL-Cruise and MATLAB/Simulink 

co-simulation, the maximum slip rate of the front wheel is reduced by 16.5% compared with the fixed 

ratio distribution, and the maximum slip rate of the rear wheel is only increased by 2.2%[24]. In 2015, 

Xia Xianwen of Henan University of Science and Technology used Xingtai XT120 small tractor as 

prototype to design a pure electric tractor transmission system with traction motor as permanent 

magnet brushless motor. Based on CRUISE, the simulation model of the drive system is established. 

The traction performance and continuous operation time simulation results are basically consistent 

with the programming calculation results[25]. In 2017, Lu Xin and others from Hunan University of 

Science and Technology chose 8kW permanent magnet brushless DC motor as the driving motor. 

The 144V and 160Ah lithium iron phosphate batteries were used as the power battery. The gearbox 
was simplified from 6th gear to 3rd gear. Using CRUISE for power and economic simulation, the 
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maximum gradeability reached 27.17%, the maximum traction reached 8467N, and the low speed 

mileage increased by 4.8km[26]. 

4. Conclusion 

Since the 1990s, the development of electronics, batteries and other technologies has been greatly 

improved due to the performance of electric tractors. The development of electric tractors is also 

developing intelligently, and ultimately it must be developed to be intelligent. On May 4, 2012, China 

Yituo officially cooperated with General Motors to develop electric tractors [27]. After the 

completion of the project, the product will be extensively maintained in the courtyard, covered in 

lawns, light-loaded farmland operations, and in places where environmental pollution is required. The 

main directions of future research are: 

1) Research results on electric tractor units, and research on intelligent control is not enough. 

2) The use of multi-motor control technology can further simplify the mechanical transmission and 

linkage mechanism, thereby reducing the overall quality of agricultural machinery, which will be one 

of the research directions. 

3) The problem of existing motors still needs to be improved slowly, but we can also start from the 

optimization of the drive system and the optimal control of the motor. 

4) Due to the current average battery capacity limit and the high cost of high-energy batteries, energy-

efficient power management technology and motor drive control technology are also one of the key 

technologies of electric power agricultural machinery. 

Acknowledgments 

Fund Project: National Key R&D Program (2016YFD0701002). 

References 

[1]  Yuko Ueka, Jun Yamashita, Kazunobu Sato, et al. Study on the Development of the Electric Tractor: 
Specifications and Traveling and Tilling Performance of a Prototype Electric Tractor[J]. Engineering in 

Agriculture, Environment and Food, 2013, 6:160–164. 

[2]  Duan Yunhong. A close look at John Deere pure electric tractor [J]. Agricultural machinery, 2017, 04:52. 

[3]  AGCO 2017-09-08. Fendt e100 Vario [EB/OL]. https://www.fendt.com/us/fendt-e100-vario.html 

[4]  Ⅱ.С. Kuchumov, Yuan Mingjie. Electric tractor [J]. Science public, 1955, 09:348–350. 

[5] "Electric cattle-33" and "Electric cattle-55" electric tractor[J].Journal of Northeast Agricultural University, 

1960, 03:1–11. 

[6]  1GD-900 electric rotary tiller [J]. New agriculture, 2001, 08:10. 

[7]  Tian Anle, Guo Xiaolong, Feng Hongbo.Design and Research of 1GD-40 DC Electric Multi-functional 

Micro-farming Machine [J]. Agricultural Machinery, 2007, 16:86–87. 

[8]  Wang Yuanjie, Liu Yongcheng, Yang Fuzeng, et al.Development and experiment of greenhouse micro 

remote control electric tractor[J]. Transactions of the Chinese Society of Agricultural Engineering, 2012, 

28(22):23–29.  

[9] Yang Fuzeng, et al. A tracked mountain remote control tractor control system [P]. Shaanxi: 

CN202085451U,2011-12-28. 

[10]  Guan Chunsong, Hu Wei, Chen Yongsheng, et al. Research on small electric tractors for greenhouses 

[J]. Chinese Journal of Agricultural Mechanization, 2015, 36(02):67–69+76. 

[11]  Zhang Fengge, Du Guanghui, Wang Tianqi, et al. Overview of development and design of high speed 

motors [J].Journal of Electrical Engineering, 2016, 31(07):1–18. 

[12]  Gao Huisong,Zhu Sihong.Study on Design Theory and Method of Electric Tractor Transmission 

System[J].Journal of Nanjing Agricultural University, 2009, 32(01):140–145. 

[13]  Mo Zhenmin.Study on the driving force distribution of electric drive high ground clearance tractor 

[D].Nanjing Agricultural University, 2014. 



 

 

104 

International Core Journal of Engineering 

ISSN: 2414-1895 

Volume 5 Issue 12, 2019 

DOI: 10.6919/ICJE.201911_5(12).0014 

[14]  Xie Bin, Zhang Chao, Chen Shuo, et al.Study on transmission performance of two-wheel drive electric 

tractor[J].Journal of Agricultural Machinery, 2015, 46(06):8–13. 

[15] Zhou Zhili, Xia Xianwen, Xu Liyou.Design of Electric Tractor Drive System[J].Journal of Henan 

University of Science & Technology(Natural Science Edition), 2015, 36(05):78–81+86+9.  

[16]  Mao Pengjun Yin Shanshan, Yan Junjie, et al. Research progress of electric tractor controller [J]. 

Agricultural Engineering, 2017, 7(01):11–14. 

[17]  Sun Hongxia.Design and development of power coupling device for planetary gear mechanism of 

electric tractor[D].China Agricultural University, 2016. 

[18]  Fang Shuping, Wang Ningning, Yi Kechuan, et al.Design and performance analysis of pure electric 

tractor power system[J].Chinese Journal of Agricultural Mechanization, 2017, 38(01):80–84. 

[19]  Shang Gaogao,Zhang Jianzhou,Zhang Jiajun.Study on the Control Strategy of Tracked Electric Tractor 

Drive System[J].Journal of Chongqing University of Technology(Natural Science), 2017, 31(11): 32–

38.  

[20]  Zhang Yifei,Lu Min,Xie Qin.The economical driving design of greenhouse electric tractor[J].Xinjiang 

Agricultural Mechanization, 2017(05):21–23+37. 

[21]  Liu Mengnan, Zhou Zhili, Xu Liyou, et al.Study on the composite energy system of electric tractor based 
on random load power spectrum[J]. Transactions of the Chinese Society of Agricultural Machinery, 

2018, 49(02):358–366. 

[22]  Gao Huisong,Zhang Ying,Zhu Sihong.Development and Application of Electric Tractor Simulation 

System Based on ADVISOR[J].Computer Simulation, 2009, 26(02):282–285. 

[23] Liu Mengnan, Xu Liyou, Zhou Zhili, et al. Development of an extended program electric tractor and its 

rotary tiller simulation platform [J]. China Mechanical Engineering, 2016, 27(03):413–419. 

[24]  Xu Liyou,Zhang Junjiang,Liu Mengnan.Torque Distribution Strategy of Extended-Program Four-Wheel 
Drive Electric Tractor[J].Journal of Henan University of Science & Technology(Natural Science), 2017, 

38(03): 80–85+8.  

[25]  Xia Xianwen.Design and Analysis of Pure Electric Tractor Drive System[D].Henan University of 

Science and Technology, 2015.  

[26] Lu Xin. Parameter matching and optimization of small pure electric tractor drive system [D]. Hunan 

University of Science and Technology, 2017. 

[27]  China Yituo cooperates with General Electric to develop electric tractors [J]. Agricultural Equipment 

and Vehicle Engineering, 2012, 50(06): 61–62. 

 

About the author: Chen Anzhen, male, Shandong Gaomi, master student, mainly engaged in the 

research of central controllers for electric tractors. E-mail: 1119222423@qq.com 

※ Corresponding author: Chen Shuren, male, Hunan Youxian, professors, postdoctoral fellows, 

research mainly engaged in intelligent aspects of agricultural equipment. E-mail: srchen@mail. 

ujs.edu.cn 

 

mailto:srchen@mail.ujs.edu.cn
mailto:srchen@mail.ujs.edu.cn

