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ABSTRACT 

 
The research is on design of a remote controlled Precision Fertilizer-Application Mobile Robot. The choice of 

this area is facilitated by the fact that agriculture is one of the aspects that are necessary for life on the planet 

earth. Most of our local farmers depend on the labour intensive approach to farming, this work is therefore 

meant to provide effective farming machine for the local farmers. The general design of the robot is divided 

into three parts: the design of the physical mechanical framework, the design of the wireless remote control 

subsystem of the Fertilebot, practical development of the designed robot and conducting practical 
environmental tests to model and validate its behaviour. This paper (part one) presents design of Fertilebot’s 

mechanical system. The selection of Fertilebot’s dimensions, details on type of movements in the operation, the 
selection of central drive motor, the steering control motor and determination of Battery size are shown. The 

gearbox design, design for torque conversion are shown. The rear shaft bearings design and Fertilebot’s 

frame design are described. The detailed design of bearings in front wheels and design of the holder of 
fertilizer application mechanism are described. Finally, detailed engineering drawings are produced. The 

major obtained results from the design include the following. Central drive motor Torque is found to be 
11.90Nm, Central drive motor Power calculated is 623.08W (1 horse power, 24V is used), Steering control 

motor Torque calculated is 1.31Nm and power of the steering control motor is obtained as 23.58W (45W, 24V 

is used). Calculated fatigue strength is 384.9MPa (which is within safe range of 317.5MPa – 490MPa) and the 
designed speed of the shaft is 50rpm (critical speed is 926rpm).  
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1.0 INTRODUCTION 

 
This work is aimed at developing a Wireless 

controlled fertilizer application robot, which is 

called Fertilebot which is hoped to ease the 

fertilizer application process of crops and hence 

improve the productivity of the farmers.  

The Fertilebot being a mechatronic device has 

mechanical framework as the physical section 

with the electronic (Wireless) section as the 

control part of the system. The Fertilebot is a 

device that is being purposely developed for the 

use of all farmers including rural farmers, 

therefore its fertilizer application operation is 

going to be very easy using any GSM handset 

that has Wireless facility. Figure 1 gives the 

block diagram of the steps for conducting the 

work in general. 

 

Some of the works carried out in the field 

agricultural mechanization for fertilizer application 

are reviewed here. Zimon et al. (2002) proposed 

new sophisticated system architecture of an 

Autonomous Tractor for fertilizer application. 

Luzoke et al. (2002) developed a mobile robot to be 

able to recognize its own position and heading in 

the field, while performing an unmanned fertilizer 
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application operation. The fertilizer application 

robot was composed of the robotized vehicle 

“ROBOTRA” based on a commercial tractor. 

Nakagami et al. (2002) developed an automated 6-

row fertilizer application robot. Dohi et al. (2002) 

conducted a study which had aimed to develop 

hexapod walking robots for agriculture. Amonov et 

al. (2006) examined a new design for precision 

fertilizer application for inter-row tillage and 

presents the results of field trials of the new design. 

Samir et al. (2006) used local planner and boundary 

following method to develop a grains fertilizer 

applicator. Lungkapin et al. (2009) developed a 

cassava fertilizer applicator suitable for use in local 

farms. This proposed work is going to consider the 

terrain of our local environment for the developing 

the behaviour model of the Fertilebot. 

 

2.0 MATERIALS AND METHODS 

 
2.1 Principles of Operation  

The Fertilebot is operated wirelessly using GSM 

handset as the remote control device. The GSM 

handset is used to operate the three motors on the 

machine. The central drive motor controls the main 

forward and reverse movements of the Fertilebot. 

When button ‘0’ is pressed on the GSM handset the 

DTMF signal generated from the set is decoded on 

the control circuit on the Fertilebot and triggers 

relay that drives the Fertilebot forward. Pressing 

button ‘1’ drives it in reverse direction. Pressing 

buttons ‘2’ and ‘3’ drives the steering control motor 

in clockwise and anticlockwise for turning 

operation. While pressing buttons ‘4’ and ‘5’ lowers 

and rises the fertilizer application mechanism for 

fertilizer application operation. The actual fertilizer 

application operation is discussed under section 

2.10 (Design of the fertilizer application 

mechanism).  

The first dimension selected is the width of the 

Fertilebot. The standard interval between one ridge 

and the next used in modern agriculture for fertilizer 

application crops (like maize, millet, etc.) is 750mm 

(Recommended Agronomic Practices, IAR A. B. U. 

Zaria, 2015). Therefore the width of the Fertilebot 

from wheel to wheel (Centre – to – Centre) is made 

700mm with each wheel in one furrow while a ridge 

is under the Fertilebot at the Centre. 

The next dimension is length of the Fertilebot. The 

value selected for the length is 1200mm from end to 

end of the Fertilebot. This value is used for the 

length of the Fertilebot because the robot is car-like 

and the length is always a little bit longer than the 

width for stability reasons (Nisbett, 2006).  The 

fertilizer application distance of crops from plant to 

plant on the same ridge is 250mm (Recommended 

Agronomic Practices, IAR A. B. U. Zaria, 2012). 

Figure 2 shows the plan view with the fundamental 

dimensions indicated. 

 
Figure 2: Plan view of Fertilebot with main dimensions 

 

2.2 Mode of Movements of the Fertilebot 

The fundamental movements involved in the 

Fertilebot during its operation include translational 

motion of the rear wheel that serves as the main 

driver of the Fertilebot and its motion could be 

either forward or reverse only. The motor is used as 

the main mover of the Fertilebot. The second 

movement of the Fertilebot is that of the front wheel 

for steering terminal of the Fertilebot.  

Fertilebot is made from connections of many links 

that are responsible for different motions in its 

operations. The major links are shown in Figure 3. 
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Figure 3: Plan View of Major Links of Fertilebot 

 

2.3 Selection of the Central drive motor 

The main drive motor chosen is DC type. DC motor 

is best in a condition where exact speed regulation 

is not needed, where continuous start/stop cycles 

happen, and reversing of the mechanism is needed. 

When mass (M), the incline angle the robot 

would climb and radius of the drive wheel (r) are 

known (Sclater, 2007). The torque of the motor is 

calculated as (Sclater, 2007): 

 

                                         

(1) 

 

 The average angle that is commonly used is 15°. 

The ‘a’ is zero for fixed ( ). The mass estimated is 

60kg and R is selected as 25cm (0.25m) which is 

more than the maximum ridge height (of about 10-

12cm). The efficiency (  of the motor is taken as 

80% (since than this value exists). The number of 

wheels (N) the Fertilebot move on is four (4) (since 

it is car-like). The torque is calculated from 

equation (1) as: 

 

 

 

The speed (ω) of the motor is selected as 500 rpm is 

converted to (rad/sec) as (Eugene et al., 2007): 

 

The output power of the DC motor (P) is the 

product of its torque (T) in N.m and the angular 

speed ( ) in rad/sec (Nisbett, 2006). 

 

                                                

(3) 

 

This power due to inertia force (FI)  of the tractive 

force (FTR) given as (Alan, 2008): 

 

                                         

(4)                                                                                               

For uniform speed, the aerodynamic force (FD) and 

grade requirement force (FG) are both zero. So the 

tractive force (FTR) becomes:  

                       (5) 

The force of rolling resistance (FR) is given as 

(Alan, 2008): 

        (6) 

The rolling coefficient (CR) of the tires is 0.006 (in 

modern tires) (Alan, 2008). The (W) is the weight 

of the Fertilebot given as (Eugene et al., 2007): 

             (7)  

The force of rolling resistance is calculated from 

equation (6) as: 

 =  

The power requirement (PR) due to this force (FR) 

is given as (Eugene et al, 2007): 

         (8) 

The velocity of the Fertilebot is obtained as 

720mm/s. 

 

So total power (PT) is:  

 

 
 

From this result, a higher power motor of 1horse-

power (746W) with speed of 800 rpm, productivity 

of 85% and supply voltage (V) of 24V is selected. 

2.4 Determination of Steering motor 

The steering control motor selected for this project 

is DC type for clockwise and anticlockwise 

turnings. The motor-torque is evaluated using 

equation (1). The assumed worst case value of the 

mass on the front wheel is taken as 25% of the total 
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mass (15kg) and r of the driven wheel is chosen as 

140mm, which is more than the maximum ridge 

height (of about 10-12cm), (Eugene et al, 2007). 

The efficiency ( ) of the motor is taken as 85%. 

The torque of the motor is calculated as: 

 

 

The motor speed (ω) is 150 rpm converted rad/sec 

using equation (2) as: 

 
 
The needed power for steering operation of the 

Fertilebot is calculated using equation (3) as: 

 

 
 
Summing with power from rolling resistance 

(friction) (2.54W) we got total power of 21.12W. 

Based on this evaluated value, a 45W motor with 

speed of 150 rpm, productivity of 90% and supply 

voltage (V) of 24V is chosen. 

 

2.5 Storage Battery Size Evaluation 

The size of the storage battery is evaluated after the 

determination of the motors sizes. The motors 

chosen from sections 2.4 and 2.5 are 746W and 

45W, 24V DC type, but the consumed powers are 

625.62W and 23.12W respectively.  

The current (I) requirement of the motors is 

calculated as (Boylestad and Nashelsky, 2004): 

 

           (9)         

 

Where P = power, V = Voltage. 

 

The capacity (Ah) of the battery is calculated as 

(Boylestad and Nashelsky, 2004): 

 

                               (10) 

 
For the Fertilebot to work for a time period (t) of 

two hours the capacity of battery is calculated as: 

 

 
 
A 75AH, 24V battery which has a discharged depth 

of 80% is selected.   

 

 

2.6 Gear System Torque Conversion Design 
The torque conversion is function of gear system. 

The torque (T) relation to the power (P) and the 

angular velocity ( ) is (Alan, 2008):  

 

       (22)  

The power (P) is fixed on the driver and the driven 

gears, (Alan, 2008): 

 

          (23)   

The speed of driven gear ( ) is chosen as 50 rpm 

to enhance the accuracy of the Fertilebot is 

converted to rad/sec as (Eugene et al., 2007): 

 

 (24)   

 
The power requirement of the drive motor is 

(623.08W), the torque on driven shaft is obtained 

as: 

 

 
 

The torque (TB = 118.91Nm) on the driven shaft 

less than the maximum (2173.6N.m) so, the shaft is 

safe from failure (Alan, 2008). 

 

2.7 Shaft Design for Fatigue Failure    

To ensure safety of shaft design, the fatigue strength 

need to be determined concurrently with rotating 

endurance limit and compared with given yield 

strength of the material of the shaft (Brown, 2005). 

The iron shaft has tensile strength (Sut) of 630MPa 

and yield strength (Sy) of 490MPa (McGraw Hill 

Machine Design Data book, 2004).   

The rotating endurance limit is calculated as 

(Brown, 2005): 

                                  

(28)                                                                                                                                

The coefficient “a” is obtained as (Shigleyet al., 
2004): 

                                           

(29) 

The exponent “b” is determined as Shigleyet al., 

2004): 
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        (30) 

 

The fatigue strength (Sf) at one million (10
6
) cycle 

(N, standard) is then obtained as (Brown, 2005): 

      (31)  

 

The shaft is free from fatigue failure since it is 

higher than the rotating endurance limit and lower 

than the given yield strength of the material of the 

shaft (Shigleyet al., 2004). 

 

 

2.8 Evaluation of Critical Speed of Shaft  

Evaluation of critical speed ( ) is done to ensure 

safety during operation. For a shaft of uniform 

diameter, the speed is obtained as (Eugene et al, 
2007): 

 

                                                         

(36) 

The shaft’s length (L) is 700mm, shaft’s diameter 

(d) is 30mm, the modulus of elasticity (E) is 

207GPa and the density (ρ) is 7050kg/m
3 

(McGraw 

Hill Machine Design Data book, 2004). 

The speed is therefore, obtained from equation (36) 

as: 

 

This means that the shaft can rotate at any speed 

less than 926 rpm safety. This is above the 

calculated 50rpm.  

2.9 Design of Fertilizer application Mechanism 

The fertilizer application is done mechanism shown 

on Figure 5. 

The fertilizer application mechanism has three 

rotating wheels that moves on the ground to prevent 

penetration into the soil. There are three fertilizer 

containers from which seeds go to a control dice. 

The holes are made to take maximum of bottle cap 

full of fertilizer. Three fertilizer application 

terminals are spaced equally around the fertilizer 

application mechanism. The fertilizer is drop at the 

base of each plant. 

 

3. RESULTS AND DISCUSSION 

The basic calculations carried out in this research 

are based continuous adjustment of the obtained 

values which are compared with the requirements of 

safety until the obtained value falls within the safe 

range. So, the obtained values presented in this 

research are the final values arrived at the end of the 

iteration process. Table 1 gives the summary of the 

major design results obtained 

Table 3.1 Summary of the design results 

 

S/NO Design Parameter Calculated 

Value 

Used Value 

1 Central drive motor Torque 11.90N.m 11.90N.m 

2 Central drive motor Power 623.08W 746W(1horse 

power),24V 

3 Steering control motor Torque 1.31N.m 1.31N.m 

4 Steering control motor Power 23.58W 45W, 24V 

5 Battery Pack Capacity 52.02AH 75AH, 24V 

6 Final Angular Speed 50rpm 50rpm 

7 Allowable Torque on Shaft 2173.6N.m Max. possible = 

118.91N.m 

8 Fatigue Strength of Shaft 384.9MPa Safe Range: 317.5MPa 

to 490MPa 

9 Critical Speed of Shaft 926rpm 50rpm 

 

4. CONCLUSION 



   

   

 ISSN: 2449 - 0539 
BAYERO JOURNAL OF ENGINEERING AND TECHNOLOGY (BJET) VOL.13 NO.2, AUGUST, 2018 

26 
 

 
In conclusion, the mechanical design of the 

Wireless controlled fertilizer application robot 

(Fertilebot) is executed in this work by splitting the 

design into different sub sections in order to give 

sufficient treatment to all aspect of the design. The 

design is done using standard mechanical machine 

design equations, standard data tables and graphs. 

The values of the design parameters are only 

accepted when they fall within the safe range for the 

particular machine element in question. It could 

therefore, be concluded that the implemented 

machine based on the design values obtained in this 

work would be of standard quality, high degree of 

safety and very durable in its operations. The real 

field performance of the Fertilebot would be 

evaluated when the control segment is designed and 

the whole system is constructed and practically 

tested. 
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