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Abstract. This article presents design and development
of a simple remote-controlled electric tractor used for
plowing the soil. The tractor was designed to have a 1kW
powerful soil blender and 4 wheels with dual 250W dc
motor drives for sharp turning (0-360 degrees at fixed
point) capacity and running speed upto 11 km/hr. A set of
12V 50Ahr battery was used to supply the soil blending
motor while two sets of 12V 40Ahr batteries were used to
supply the running motors. The tractor prototype was
tested by plowing the soil with different blending power
rates of 20, 40, 60, 80 and 100% while running at different
speeds of 4, 5, 6, 7, 8, 9, 10 and 11 km/hr. The test results
showed that the best power rates for soil blender of the
tractor prototype were 80%, 60% and 100%, respectively
with respect to achieve optimum performance between
plowing quality and low power consumption operation.
The tractor performed the best plowing quality while
retaining good direction control when running at the speed
between 7-9 km/hr. The average operation time period for
the tractor was between 5-7 hours per one full charging.
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1. Introduction

Tractors are ones of the most commonly used machines
for agricultural activities and farms in Thailand due to the
benefits of saving time and labor cost while providing high
productivity [1]. Most commercial tractors today are mostly
powered by the fossil fuel energy, which would have then
the fluctuation in prices, negative impacts for environment
and noise pollution [2]. Therefore, electric engines would
be an alternative solution. There are several research
studies on electric tractors [3]-[7] but most research works
only in the theoretical design and literatures [8]-[12]. There
are only few works on the autonomous control approach or
merely with the remote control technique [13]-[18]. We
have studied 10T control and GPS for agriculture [19]-[25].

According to the information from the Ministry of
Transport of Thailand [26] from 2012 to 2019, it was
found that the number of tractors registered in
Thailand was between 334,292 and 560,573 tractors,
in other words, 226,281 tractors increased. One
tractor operated about 0.32 km? vyear, which uses
about 1,875 liters’km? of oil, about 3.77 barrels/year,
compared to the current oil price of 10,000-15,000
baht/year (297-446 USD/year). More than 560,000
tractors in Thailand use approximately 2.11 million
barrels of oil per year and trend to increase reflected
by the increasing rate of the registered tractors every
year. It is estimated that if replacing the fuel-powered
engine with the electric one, the break-even point will
be about 3-5years with costs that vary according to
the price of the equipment [27].

In this research, attention was paid to the conversion of
many fuel-powered combustion engines [28]-[31] into a
unmanned electric tractor prototype by applying the
concept from the designs and driving performance tests
similar to [32]-[34]. The simplified radio remote tractor
control system employed from [35]-[36] was used. The
tractor prototype consisted of two 250W DC motors which
were used as the dual motor drives. A 1,000W DC motor
was used to rotate the soil blender. The prototype was
tested in the open space in the sample region of Khon Kaen
province, Thailand. The test data related to electric and
mechanical parameters were measured and collected in
order to observe its performance and efficiency. The
components and design procedures for the proposed tractor
were explained in Section 2, the test methods and
corresponding results in Section 3, the analyzed results in
Section 4 and the summary and discussions of the research
work were highlighted in Section 5.

2. Components and Design Procedures

The design procedures for the proposed remote-
controlled electric tractors utilized the similar design
procedures available in [37]-[39], which composed of the
calculating and dimensioning the size of the components
such as the motors, control circuit and etc. The required
power used to drive the tractor and the design of the
equipment, as well as, the components used in the circuits
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in order to control the tractor’s body and its functions with
the remote radio control approach were illustrated as
follows:

2.1 Determination of power rating of the
motor

To determine the power rating of the driving motors for
the proposed electric tractor similar to [38], the information
related to the total weight, the soil friction coefficient (i)
and vehicle resistance coefficient (C4) have to be known.
Table 1-3 show the list of components and their weight,
and Cy, respectively.

Main Components of the tractor | Quantity (units) | Weight (Kg)
Battery 12 V 40 Ah 2 21.2
Battery 12 VV 50 Ah 1 12
motor 250 W 12 V 2 6
motor 1,000 W 24 V 1 8
motor control box 1,000 W 24 V 1 1
electric tractor frame 1 20

Total weight 68.2

Table 1 List of components and their weight

Type/Condition M

Paved, Concrete

- excellent 0.014-0.018
- fair 0.018-0.020
flagstone 0.023-0.030
gravel 0.020-0.025
Soil

- dried 0.025-0.035
- wet 0.050-0.150
sand 0.100-0.300

Table 2 Coefficient of friction at various soil surface conditions (¢ )

[38]

Vehicle Type Cq
Aerodynamic design 0.15-0.20
Research design 0.22
General car 0.30
Sport car 0.43
Adapted car 0.53
Universal Sport car 0.57-0.63
Motorcycle 0.56-0.63
Convertible car 0.60-0.70
Bus 0.60-0.70
Truck 0.7-1.50

Table 3 Vehicle resistance coefficient (Cq) [38]

In this research, the dry rough soil and research design
vehicle was used; therefore, the u, and c4 were 0.30 and
0.22, respectively. These values were then used to calculate
the forces required for the tractor by using equations (1)-(6)
as proposed in [38], which were reproduced here:

Rolling resistance (F,,) is the tire loss that occurs. The
main factor is the constant deformation of the wheels when
grinding against the road surface; including adhesion and
slippage of the tread, the relationship of rolling resistance
can be found as follows:

Fre = HrMgCos(a) 1)

F.. is the rolling resistance (N)

M is the rolling resistance coefficient

m is the total mass of the vehicle (kg)

g isthe acceleration of the Earth's gravity

equal t0 9.81 m/s’

o is the angle of inclination of the road surface
(rad)

By subscribing the known values, give the result as:

Frr=0.30 x 68.2 x 9.81 x cos (0) = 200.71 N

: Where

Air resistance (F,y) is caused by a phenomenon in two
parts: from the shear force of air flowing through the car
and air resistance from the shape of the car body that resists
air currents from driving the car It can be calculated from
the equation as follows:

Faa = (12)pAC, V2 ¥

where Foq is the air resistance (N)

p isthe air density (kg/m®)

A is the cross-sectional area of the car (m?)
Cq is the drag coefficient

v is the speed of the air (m/s)

Hence,
Fag =(1/2) x 1.225x 39.6 X 0.22x 12 =5.34 N

Slope resistance (Fpc) is the weight taken along the
slope or if the car goes down a steep slope, the sub-force of
the weight of the car will be raised in the same direction as
the movement of the car and can be expressed as follows:

Fre = mgsin(a) 3)

; where  Fy is the slope resistance (N)

m is the total mass of the vehicle (kg)

g is the acceleration of the Earth's gravity equal
t0 9.81 m/s’

o is the angle of inclination of the road surface
(rad)

As a result,

Fre=68.2x9.81xsin (0)=0N

Acceleration resistance (F) can be divided into two
parts: force for linear acceleration and force for angular
acceleration for the resistance while driving can be
expressed in mathematical equations as follows.

Facc = Ma (4)

;where  F, is the resistance from the acceleration (N)
m is the total weight of the vehicle (kg)

a isthe delay (m/s?)



114

ENGINEERING ACCESS, VOL. 8, NO. 1, JANUARY-JUNE 2022

Thus,
F.c=68.2x0=0N

The resultant values from Equations (1)-(4) were
summed up to form the total force acting on the tractor in
motion (Fita) as (5)

Fiotal = Frr + Fag + Fre +Facc (5)
Which give:
Fiota = 200.71 +5.34 + 0 + 0 = 206.05 N

Now the power rating of the motor (P) could be
determined as (6), when applying the maximum speed of
1.0 m/s:

P = Fiota V (6)

Using (6) and applying the safety factor of 25%, the
motor power rating finally was:

P =206.05x1.0 x 1.25 =257.56 W

Therefore, the 250 W dc motor was selected and used
for the driving system of the tractor.

2.2 Structural Design of the Electric Tractor

Development of remote controlled electric tractors it
was necessary to systematically design the structure of the
tractor for convenience and reduce the driver load weight
that affects the motor drive system, reducing motor
efficiency by more than 70% [37].

Fig. 1(a)-(b) show the photographs of the designed
electric tractor while Fig. 2-3 and Table 4 show the
photograph of the actual constructed prototype and
components used for it. The tractor had the body frame as a
mini 4-wheel car with the width of 66 cm, length of 100 cm
and height 30 cm. To reduce driver load weight that
affected the motor drive system, the tractor was designed as
the symmetrical balancing shape as much as possible. The
wheels were adapted from the basic bicycle wheels with the
diameter of 32 cm, a rim width of 4.5 cm, made of solid
steel, and able to support maximum weight of 100 kg each.
These wheels provided capability of loading weight
withstanding, less vibration effects, and stable body frame
for the components on the tractor’s body. There were 2 sets
of the 250W dc motors which helped to provide easy sharp
turning (0-360 degrees) at the fixed turning point. The
1,000W dc motor was used for soil blending, which was
derived from the power of the mower engine used in the
soil blender with a power of 1.25hp. The 24V battery was
obtained from the voltage at the 1,000W motor used with
respect to the motor’s specification. The 12V battery was
obtained from the voltage specification of the DC motor
used to drive it. The soil blender had 32 cm in length, 6
blades, and made from hard-strong solid steel. The

optimum speed for the soil blender was 120-180 rpm.
There were 2 circuit breakers installed for short-circuit
protection for the batteries, power circuit, and control
circuit. The remote control system and almost all electric
components and devices were put in the protecting box.

(b)

Fig. 1 Isometric illustration of the designed electric tractor: (a) front side
view and (b) back side view

Fig. 3 Components list of equipment installed on electric tractor
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Components Label number 2.3 Design and Components of Electric

Left Front Wheel 1 Tractor Control System Circuits
Left Rear Wheel 2
Right Front Wheel 3 Design of an electric tractor control system for control
2!9]3; g_eaar gvgiil TRV g the running motor and the soil blending motor has the
L(Ia?‘t SidIeTDC MO;SZSOWHV 5 configuration as shown in Fig. 6 and Fig. 7 while the
Soil blender Motor 1000 W 24 7 components in the circuit are listed in Table 6. The circuit
Motor control 1 OOOW YRV, 8 was powered by two power sources: a 12V power source
Soil blender ’ 9 for the two 250W dc motors and 24V power source for the
Battery 24 V 40 Ah 10 1,000W dc motor.
Battery 12 VV 50 Ah 11
DC Breaker (Battery 24 V) 12
DC Breaker (Battery 12 V) 13
System control circuit box 14

Table 4 List of components and their label number according to Fig. 3

Fig. 5 shows a radio remote control Flysky FS-16X with
simple control algorithm, high reliability, no delay time and
ability of far distance control (150 m) [40]; having
specification as in Table 5.

Fig. 6 Electric tractor control circuit

Components Label number
1) Arduino Mega 2560 1
Fig. 5 A radio remote control Flysky FS-16X [40] 2) De-Dc step down 2
3) Relay 24 V 3
— 4) Motor drive IBT-2 (BTS7960) 4
Item Specification 5 Relav 12V 5
Channels 6-10 (Default 6) ) Relay
Model Type Fixed-Wing/Glider/HElicopter 6) Relay 12 vV 6
RF Range 2.408-2.475GHz 7) Motor drive IBT-2 (BTS7960) 7
RF power <20dBm 8) Receiver 8
RF Channel 135
Bandwidth 500KHz
2.4GHz System AFHDS 2A / AFDHS Table 6 List of components and their label number according to Fig. 6
Modulation Type GFSK
Stick Resolution 4096 . ] .
Low Voltage Warning <42V According to Fig.6 and Fig. 7, the remote control system
DSC port PS/2 Port PPM of the electric tractor operated when the receiver received a
Chargeable No command as a radio signal. The receiver would send the
Antenna Length 26mm(Dual Antenna) command data to the coded Arduino Mega 2560 board,
Weight 3929 which was used to control digital signals to control a 24 V
Power 6V DC 1.5AA*4 L
STNTransflective Display, on-off relay (used _to turn on-off a 1,000W n_10tor C|rCU|t)_, a
Display LCD128x64 Lattice, VA 73x 39m, 12 V relays (2 units, turn on-off the electric tractor drive
LCD with white backlight circuit, use two 250 W motors) and control a PWM signal
Size_ 174x89x190mm to Motor Diver IBT-2 (2 units) and consequently control
On-line Update Yes the turning left-right motors to drive the electric tractor.
Color Black The device required a 5V power supply to decrease from
Certificate CE0678, FCC ID:N4ZFLYSKYI6X q P PRIy

Table 5 Transmitter specification (FS-i6X) [40]

12V to 5V to supply voltage to the two Arduino Mega
2560 and IBT-2 motor drivers.
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Fig. 7 Schematic diagram for the control system circuit for the proposed electric tractor

3. Testing Methods and Results

Fig. 8 shows the geometrical location and the test
position for the prototype, which was conducted under Thai
terrain conditions. The test location was at Phabu Sub-
district, Phra Yuen District, Khon Kaen Province, Thailand
(latitude: 16.249923° and longitude: 102.713881 °). The
test area was approximately 20x40= 0.8 km?.

Fig. 8 Test area for the tractor prototype

3.1 Test Methods

The tests for the proposed tractor prototype were
conducted in the aforementioned location and as shown in
Fig. 8. The proposed tractor was tested by moving forward
and backward with the distance of 10, 20 and 30 m,
respectively. Performance of the tractor was tested under
different running speeds from 1-11 km/hr. and soil blending
speed of upto 190 rpm.

Fig. 9 Testing condition for the proposed electric tractor

3.2 Speed and Energy Usage Test Results

This section presents the corresponding test results.
Table 7-14 show the measured values of electric voltage,
current and wheel speed of the tractor when running with
the speeds of 4-11 km/hr.

Voltage (V) Current (A) wheel speed (rpm)

Round left right left right left right
motor motor motor motor wheel wheel

1 4.81 4.76 2.60 2.59 65.6 65.4

2 4.80 4.77 2.62 2.74 65.5 65.4

3 4.83 4.77 2.62 2.76 65.9 65.6

4 4.79 4.78 2.69 2.83 65.5 65.5

5 4.79 4.78 2.56 2.79 65.2 65.5

Table 7 Measured voltage, current and wheel speed of the tractor when
running with the speed of 4 km/hr.
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Voltage (V) Current (A) wheel speed (rpm) Voltage (V) Current (A) wheel speed (rpm)

Round left right left right left right Round left right left right left right
motor motor motor motor wheel wheel motor motor motor motor wheel wheel

1 5.80 5.76 2.87 2.98 82.9 83.2 1 10.73 10.65 3.58 3.54 164.2 165.8

2 5.78 5.76 2.91 2.98 83.2 82.9 2 10.69 10.66 3.60 3.65 164.0 165.9

3 5.79 5.76 2.86 3.01 83.0 83.0 3 10.71 10.67 3.64 3.58 164.2 165.7
4 5.82 5.77 2.95 3.08 82.9 83.0 4 10.74 10.69 3.61 3.61 164.2 165.7

5 5.82 5.73 3.00 3.15 83.1 83.4 5 10.71 10.69 3.62 3.63 164.3 165.4

Table 8 Measured voltage, current and wheel speed of the tractor when
running with the speed of 5 km/hr.

Table 13 Measured voltage, current and wheel speed of the tractor when
running with the speed of 10 km/hr.

Voltage (V) Current (A) wheel speed (rpm) Voltage (V) Current (A) wheel speed (rpm)

Round left right left right left right Round left right left right left right
motor motor motor motor wheel wheel motor motor motor motor wheel wheel

1 6.92 6.91 3.19 3.18 100.2 102.3 1 11.57 11.57 3.72 3.79 178.9 179.3

2 6.94 6.88 3.16 3.33 100.1 102.1 2 11.56 11.58 3.70 3.74 179.1 178.8

3 6.94 6.89 2.98 3.19 100.2 100.2 3 11.57 11.60 3.75 3.77 178.8 178.9
4 6.95 6.90 2.98 3.23 100.2 100.2 4 11.59 11.58 3.70 3.72 179.3 179.3

5 6.92 6.90 3.16 3.19 100.1 102.5 5 11.61 11.58 3.79 3.75 178.8 179.1

Table 9 Measured voltage, current and wheel speed of the tractor when
running with the speed of 6 km/hr.

Voltage (V) Current (A) wheel speed (rpm)

Round left right left right left right
motor motor motor motor wheel wheel

1 7.87 7.83 3.10 3.22 116.2 116.8

2 7.87 7.83 3.33 3.33 116.3 116.6

3 7.88 7.83 3.13 3.19 116.1 116.7

4 7.88 7.85 3.12 3.16 116.0 116.9

5 7.89 7.86 3.17 3.20 116.2 116.4

Table 10 Measured voltage, current and wheel speed of the tractor when
running with the speed of 7 km/hr.

Voltage (V) Current (A) wheel speed (rpm)

Round left right left right left right
motor motor motor motor wheel wheel

1 9.07 9.02 3.25 3.34 134.8 136.1

2 9.05 8.97 3.24 3.46 134.8 133.6

3 9.06 9.01 3.34 3.31 134.5 134.2

4 9.09 9.01 3.27 3.28 134.5 133.7

5 9.06 8.99 3.32 3.39 134.6 136.1

Table 11 Measured voltage, current and wheel speed of the tractor when
running with the speed of 4 km/hr.

Voltage (V) Current (A) wheel speed (rpm)
Round left right left right left right
motor motor motor motor wheel wheel

9.80 9.72 3.39 3.55 149.5 150.4

9.79 8.73 3.42 3.49 149.5 150.2

9.79 9.73 3.50 3.43 149.4 150.3

9.76 9.70 3.45 341 149.6 150.2

(S0 =N VS I [ NS

9.76 8.71 3.38 3.39 149.5 150.3

Table 12 Measured voltage, current and wheel speed of the tractor when
running with the speed of 9 km/hr.

Table 14 Measured voltage, current and wheel speed of the tractor when
running with the speed of 11 km/hr.

3.3 Plowing Quality Test Tesults

To assess the performance of the designed electric
tractor regarding quality of soil plowing, the quality of the
tilled soil levels were developed by using criteria proposed
by the Department of Agricultural Extension, Thailand
[41], which were listed as shown in Table 15. The score
between 0-5 refer to the quality levels between very poor-
excellent.

Score Quality of the tilled soil
5 excellent
very good
good
moderate
poor
very poor

O |IN(W|(~

Table 15 Criteria for grading [41]

For this test, the tractor prototype was set to operate
with different supplying power load levels of the blending
unit: 20%, 40%, 60%, 80% and 100% at different driving
speed: 4, 5, 6,7, 8,9, 10 and 11 km/hr. The corresponding
results are shown in Tables 15-22. All the photographs
were taken with the same capturing distance of 70 cm from
the ground 70 cm. It is noted that the quality of tilled soil
was assessed only lumps of different sizes and conditions of
tilled soil regardless of the color. It could be concluded
that:

e From Table 16-19, the blending power between 60-
80% (blending speed of 114-152 rpm) provided the
best plowing quality (4.0-4.2) when the tractor ran
at the speed of 4-7 km/hr.

e From Table 20-21, the best plowing quality (4.0-4.2)
was shifted to the blending power between 80-100%
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(blending speed of 152-190 rpm) when the tractor
ran at the speed of 8-9 km/hr.

e From Table 22, the tractor reached the highest
plowing quality (4.4) when the tractor operated with
blending power of 80% (blending speed of 152
rpm) and ran at the speed of 10 km/hr. The plowing
quality became reduced to 3.4 when the blending
power increase to 100%, in turn, blending at lower
power at 60% gained better quality of 3.6. It means
that when the tractor ran at high speed 10 km/hr
speed, put full power at 100% could not be useful.
In fact, the blending power range between 60-80%
would provide the better quality.

e From Table 23, when the tractor ran faster (at
maximum speed of 11 km/hr.), the quality of
plowing became reduced for the whole power range.
The best quality of plowing (3.8) was at the
blending rate of 80% (152 rpm).

In summary, the tractor achieved the best quality of
plowing (4.4) when running at 10 km/hr. with blending
power of 80% (blending speed of 152 rpm). The quality of
plowing became reduced when the tractor ran at lower or
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Table 16 Plowing quality results when the tractor running at 4 km/hr.
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Table 17 Plowing quality results when the tractor running at 5 km/hr.

higher than 10 km/hr. while the best blending power range
for the whole running speed would be between 60-80%.

4. Analysis of Test Results

The measured values of the electric voltage, current, and
speed of the electric dc motors during the off-road
condition tests while plowing the soil will be analyzed in
this Section.

4.1 Relationship between Measured Voltage
and Speed of Tractor’s Motors

As aforementioned in the previous Section, the electric
tractor prototype consisted of 2 driving dc motors. In order
to freely control the direction of the tractor as required, the
speed of these two motors therefore had to be linear in
relationship when applying the input voltage to the motors’
terminals. This experiment measured the apparent voltage
at each motor terminal. The voltage had a variable value
according to the speed of the motors as designed as shown
in Fig.10.
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Table 18 Plowing quality results when the tractor running at 6 km/hr.
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Table 19 Plowing quality results when the tractor running at 7 km/hr.
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able 20 Plowing quality results when the tractor running at 8 km/hr.
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Table 21 Plowing quality results when the tractor running at 9 km/hr.
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Table 22 Plowing quality results when the tractor running at 10 km/hr.
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Table 23 Plowing quality results when the tractor running at 11 km/hr.
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Fig. 10 The relationship between the speed of the left motor and right
motor with respect to the apply voltage

4.2 Relationship between Measured Current
and Speed of Tractor’s Motors

Similar to the applying voltage, the linear relationship
between measured current and the speed of the motors of
the tractor had to be controlled as well. Fig. 11 confirms the
linear relationship between the motor speed and the
applying electric current.
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Fig. 11 The relationship between the speed of the left motor and right
motor with respect to the apply current.

4.3 Analysis of soil quality

Fig.12 reproduces the results of Table 15-22 in terms
of the comparison of soil plowing quality when blending in
different power consumption rate between 20, 40, 60, 80
and 100% (or blending speed of 38, 76, 114, 152 and 190
rpm, respectively) with respect to different speeds of
tractor’s movement at 4, 5, 6, 7, 8, 9, 10 and 11 km/hr. It is
clearly seen that the operation with 80% power
consumption (or blending speed of 152 rpm) would provide
the best soil quality for all the movement speed range. The
best soil plowing quality could be when the tractor had
speed of 10 km/hr.; where higher speed gave less quality of
soil plowing quality.
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Fig. 12 soil quality at different motor power consumption rates

[6]

5. Conclusions and Discussion

This research proposes design and construction of a
simple remote-controlled electric tractor. The proposed
electric tractor had the length of 100 cm, a width of 66 cm,
and a height of 30 cm, which is strong and durable. The
tractor had 4 wheels made from solid steel with the
diameter and rim of 32 and 4.5 cm that could carry total
load weight up to 400 kg. There were 2 sets of dc motors.
The first set consisted of 2 motors with power of 250W
each that functioned to provide variable moving speed of
the tractor between 1-11 km/hr, as well as, providing the
sharp turning (0-360 degrees at the fixed turning point).
The second set was the 1,000W dc motor connected to the
blender set of 32 cm long and 6 blades that functioned to
plow and blend the soil with the rotating speed between 0-
190 rpm. The 24V battery and 12V battery were used to
power the first and second set of the dc motors with fully
short circuit protection. The movement speed and blending
speed of the motors were control via the radio remote
control. The test results show that the suitable speed of the
tractor was between 7-9 km/hr due to this speed, it is easy
to control the direction of movement. The optimum power
consumption for the blending motor were at 80, 60 and
100% (equal to 152, 114 and 190 rpm), respectively. Based
on the optimum operation condition above, the electric
tractor could operate by 5-7 hours.

[71
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