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Abstract 

This paper aims at the 

design of a suitable 

implement for local 

farmers to take care of 

the stress and 

constraints and limited 

cultivated land space, 

associated with human 

labour. The machine 

comprises of a 6.5 HP 

petrol engine, a cutter 

blade made of mild 

steel, a frame and a 

pulley, wheels, and a 

handle. The machine 

was tested after 

construction by using 

it on different soil 

types i.e sand, loam 

sandy – loam and clay. 

Results obtained 

showed that the 

machine performs 
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Introduction  
Agriculture remains a 

key player in the 

sustenance of human 

existence. However, 

the practice of 

agriculture is as old as 

human existence 

.Agriculture plays a 

major role in the 

growth of Nigerian 

economy as far back 

as 1950s and 60s ; as 

contributed  a greater 

percentage of the 

country’s  Gross 

Domestic Product 

(GDP) Although this 

sector has been 

neglected  over the 

years, there are 

pointers that there 

would  be a sudden 

reversal to the status 

quo as the world is 

gradually focusing on 

cleaner energy; 

coupled with the 

increasing population 

which is currently 

above 

200million.Going by  
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better on sandy, loamy, 

sandy – loam than clay 

soil.  The efficiency of 

the machine was found 

to be 74%, 62.5% and 

53% for sandy loam, 

loamy and clay soil 

respectively. The field 

capacity was also 

found to be 67%, 

42.5% and 36.7% for 

the afor- mentioned 

soil types respectively. 

The fuel consumption 

rate increases with 

increase in soil 

hardness. 

 

he current rate of population growth in Nigeria, the present 

population will rise to 265million by the year 2030. The present 

farming methods would be insufficient to compete with the rise in 

population. 

A study conducted by Ndaeyo, Umoh and Ekpe (2008) showed that out of 
the study conducted on about 300 farmers, farm sizes were less than 2 
hectares .Findings from the study also pointed to great insufficiencies in 
the farming practices. According to Kasali (2018), Nigeria ranks low on 
agricultural mechanization scale; and in order to improve agriculture 
contribution to the countrry’s GDP, there is need to introduce low cost 
machineries to replace the traditional methods of farming apart from 
improving on the quality of input to farmers , such as seeds, fertilisers and 
agro chemicals. He opined that this will help to increase production  and 
accelerate the pace of agricultural mechanization  as well as increase 
agricultural productivity. Other researchers with similar views include 
those conducted by Takeshima and Salau (2010) , Asoegwu et al; (2007) , 
Schonbeck,(2007), Oluka and Akubuo, (1997), Oni,(2011) among others. 
In the study carried out by Aseoegwu et al; (2007) in which they carried 
out an overview and management of environmental aspects in Nigeria 
through farm mechanization, findings revealed that farming and dynamics 
of agriculture were required in farm mechanization to boost agricultural 
productivity.. Takeshima and Salau (2010) on the other hand, focused on 
the affordability and adaptability of mechanization practices and land 
holding of majority of Nigerian farmers with poor economic status.   
 

DESIGN METHODOLOGY 

Preamble 

The design of the agricultural soil tilling machine includes amongst other 

things the analysis of the major components parts using the relevant 

mathematical equations for the calculations and selecting of the 

appropriate materials for durability and functionality. The main 

t 
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components of the machine are; the cutter blade, the main frame, wheels, 

gear assembly, pulley, handle and a 6.5HP petrol engine  

 

Material Selection 

S/N COMPONENT 

PARTS 

MATERIAL USED REASON FOR USING THE MATERIAL 

1. Pulley Steel • It is stable 

• It has higher load capacity  

• It is temperature sensitive 

2. Belt  Rubber • It is flexible 

• It is reliable  

• It is durable  

3. Shaft Alloy steel bar • It does not wear easily during 

operation 

• High tensile strength 

3. Bolt and Nut Alloy steel Higher tensile strength  

4. Tiller blade unalloyed medium 

carbon steel 

It is a medium strength steel and has good 

tensile strength 

5. Engine seating Steel It inherent capability to absorb impact 

energy 

Table 1. Selection of materials 

 

In summary, the factors considered for the selections of the materials used 

for this work include; 

i. Availability of material and cost of material, 

ii. Mechanical properties of the materials, 

iii. Cost of the machine should be affordable. 

 

DESIGN SPECIFICATION 

Rated power     =4.847kw  

Tillage width    =90-110 

Tillage depth    =10-15cm 

Operating speed   =0.27 – 0.45m/s 

Rotational speed of shaft   =540rpm 

 

MAJOR COMPONENTS OF THE SOIL TILLING MACHINE 

The major components of the machine are as follows: 
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i. The tine unit 

ii. Chain drive unit 

iii. Belt drive unit 

iv. Power supply unit 

v. The blade cutter 

 

Design Calculations 

Notation 

HMAX  = The maximum resisting shear force  

A = The area of soil sheared  

W = The normal loading on the soil  

c = The soil/tine cohesion interface constant  

 ɣ = The tine’s angle of attack during cutting 

Fmax= The tight side span tension  

Fmin= The slack side span tension 

ρ = The belt linear density  

v = The pitch line velocity 

f = The effective coefficient of friction 

d = The center distance between pulleys 

C = center distance between sprockets 

L = The tangent length of belt 

D1, D2 = The diameter of the driving and driven pulleys respectively 

α = contact arc 

 

Reel Assembly 

The reel is the part that does the actual tilling. The reel comprises the tines, 

tine brackets, reel pipe, tine shaft and reel bracket. The tines are mounted 

on the tine brackets which in turn are welded on a reel pipe. The tines are 

the major feature responsible to subject the soil to cutting which causes 

shear force in the soil system due to the resistance of the soil as a result of 

its cohesion and internal friction between the soil particles. The resisting 

force required to shear a soil system is expressed in equation 1 

HMAX  =cA + Wtan ɣ       (1) 

C = 0.3 

A= 15cm 
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W= m/v=f=m x a        (2) 

V= 22.5m/s 

p (mild steel) = 7.85ggcc 

W = (13000 x 7.85) /1000= 102050/1000 =102.05kg 

Hmax = 0.3 x 50 + 102.05 tan 610 = 2648N 

Equation (1) shows that the tine surface area (A) and the time attack angle 

(ɣ)are responsible for a lower shear force requirement to till through the 

soil, the less the surface area (A) and the less the shear force and the lower 

the attack angle (ɣ), the lower the normal load (W) acting on it 

consequently the lower the frictional component of the resisting shear. 

 

Drive assembly 

The drive assembly is made up of the V-belt drive unit, the belt tensioner, 

the drive shaft. 

 

Belt Drive Unit 

The general process for designing the belt drive consist of selecting a safety 

factor of 1.3 for medium duty operation as discussed in Oliver, (1976), 

calculating the design power, and selecting the belt pitch, centre distance, 

pulley combination, belt length and belt width. The V-belt drive consists of 

the V-belt made of leather material, the driving and driven pulley of cast 

iron materials. The driving pulley is keyed to the output shaft of a petrol 

engine while the driven pulley is keyed to the drive shaft mounted on the 

top plate. The V- belt is mounted on the pulley to transmit motion from the 

driven pulley to the belt drive unit. For the V-belt drive, an initial tension 

maintains the contact force between the belt and the surface of the pulley 

grooves so that the resulting friction assist in the transmission of the 

power. The initial tension also known as preload is provided in the belt 

drive by an idler which imposes a side load on one of the spans. In order 

for the drive to transmit the required torque, the belt wedge into the 

groove tightly enough to transmit the applied force. 

The initial tension is developed from three factors; 

a. The maximum torque to be transmitted by the drive. 

b. The minimum area of contract, and  

c. The pitch line velocity of the belt. 
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The maximum torque to be transmitted is calculated from the resisting 

shear Hmax from the defined maximum power and the physical dimensions 

shown in the sketch the relevant belt load can be calculated. The maximum 

tension ratio which the drive can support without slip on either of the two 

pulleys is expressed in equation 2  

(Fmax– ρv2 )/(Fmax– ρv2) ≤ exp(fᶲ)     (3) 

(754.64 – 577125)/ (754.64 – 577125) ≤ 292.76 

Where Fmax is the tight side span tension  

Ρ is the belt linear density 

V is the pitch line velocity of the belt 

F is the effective coefficient of friction. 

The power transmitted by the drive is expressed as  

P = (Fmax- Fmin)v        (4) 

P= 6.5hp = 4.847kw = 4847N 

Fmin= 16979.4 – 4847 = 539.22N 

       

       Fmax= P + ρv2                                                                           (5) 

            kᶲ v 

P= 4847, v= 22.5, kᶲ = 1 – exp (0.30 x 42.5) 

Therefore, Fmax = 754.64N 

where  kᶲ = 1 - exp(fᶲ)min  is the drive property. 

In addition to the direct stress in the belt due to the tight side section, Fmax 

the belt due to the tight side section tension, Fmax, the belt pulley causes 

bending stresses which is inversely proportional to the pulley diameter. 

The overall effect of the belt loading is expressed by equivalent damaging 

force F in equation (5). 

F1  =Fmax+ 
𝑀

D1
                                                   (6) 

F1 = 754.64 +
1000.62

5.4
 = 939.94N 

F2  =Fmax+ 
𝑀

D2
                                                                         

F2 = 754.64 + 
1000.62

7.72
 = 1755.26N 

The tension in the slack said of the belt could be determined from equation  

 

Fᶲ = 1 (Fmax- Fmin)                                                        (7) 

22.5 
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        2 

Fᶲ = 1 ( 754.64 – 539.22) = 107.71N 

       2 

 

Where  

F is the effective coefficient of friction defined as μɵ 

μ is the coefficient of friction between the belt and the pulley. 

ɵ is the belt contact angle on the pulley. 

 

Body Frame Assembly  

The body frame assembly consists of the main frame, the mounting rail, the 

top plate, the handle and the wheel bracket and wheel. The body frame is 

made from a 67.5cm angle iron cut to size and welded for permanent 

fastening. The mounting holes for the engine were drilled and positioned 

with the aid of a cardboard used to layout the engine mounting holes. The 

reel bracket and wheel bracket are fabricated from a thin-walled steel 

conduct. 

 

 GEOMETRY OF SCOOP - SURFACE OF TILLER BLADES  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 1. Function of Tiller blades  
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The geometry of tiller blade force.  

 

 

 

                                      

 = denotes the friction angle of the 

rootstock  

With Respect to the blade edge  

T = cutting force (in N)  

F = friction force (in N) N = normal force (in N) i = angle between tangent 

& R θ = inclination angle from the y axis   τ = angle between tangent & the 

line R  

Ro =the line perpendicular to the tangent form the center axis of load 

applied    

The blade length is part of an Archimedean curve whose Although the angle 

I increases with the angle θ, the angle τ decreases as determined by the 

graphical analysis. The low τ positively affects the cutting work.  

 
The spiral trajectory and rotary radius of the blade, given by R. can be 

computed from the following parametric  

Parameter Equation is, 

R = ( 1 + K0) 

 
Consider I as the angle between b’b” and line Om; 

 

 

 

     (8) 

 

Eq. (6). These equati ons have the same result as Eq. (5).  

 

 
Where  

During Tilling.  
The cutting conditions are  T  F  ( Figure  1)  
  

   

  

d 

 
Where  
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However, 

  

 

 

    
   

 

Thus, when 𝛳is considered to be parametric, R = ( 1 + K0)  a polar 

coordinates equation for the curve of tiller’s blade scoop surface can be 

change to an orthogonal coordinate equation. 

 

 

 

 

 
n= rotary speed (in rpm) 

V = Forward speed of tractor (cm/sec) 

H = depth of working (in cm) 

R = rotation radius of the blade (in cm) 

 

Equations for the Tiller Angle Curves 

The trajectory curve of the blade, the rotary radius direction and the 

tangent curve of the trajectory converge at one point, generating a cutting 

angle. 

 

   (9) 

 

 

The above equation is utilized to compute the moving speed of the tiller. 

Eq. (3) gives 

Substituting Eq. (4) into (2) yields, 
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Tiller Angle Curves Calculation 

    (10) 

 
 
 
 
 
 
 
 Tiller Blade Design Calculation  
1. 
 
2. 

 
3. C 1=16mm (standard measurement)  

4.  C = 35mm (inclined position) 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 Fig 2.  
 
 

= 85.526 

where 

 = 24.88 
=61 

= 85.526  °  

5

. 

 A = 38mm (horizontal position)  

6

. 
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Operating and Test procedure 

To evaluate the performance test on the effectiveness of the soil tiller at 

Otefe, Oghara. The soil types were clay, loam and sandy loam respectively.  

Plow with 5m x 20m with three replications were prepared from each soil 

type and evaluations were carried out.   

The power tiller had 15 hp and 2 driving gear level. Before test the operator 

was trained on the use of power tiller and preliminary test was carried out 

on two driving gear level. from preliminary test ploughing by one gear level 

speed is very low and it take more time and consume more fuel and two 

gear level speed is high and difficult to manage power tiller therefore 

evaluations were done by two gear level speed. 

The soil moisture content at operation time was determined using 

gravimetric method. For this purpose, a total of 27 soil samples were 

collected at depth of 30 cm using soil auger and the weight of each soil were 

taken immediately on the farm by digital balance. The soil samples were 

placed in an oven and dried to 1050C to a constant weight. Then the dried 

soil and the container were again weighed and the weights of water 

present were determined by subtracting the initial from the final weight. 

The water contents were determined on such a way on weight and as 

stated (Michael, 2008):  

            θw= 
𝑊𝑤−𝑊𝑑 

𝑊𝑑
  × 100                                                                                                                                                                                   

  

where, θw = soil water content on dry weight basis, (%) 

            Ww = weight of the wet soil (g) 

            Wd = dry weight of the soil (g)  

Fuel consumed by the Power Tiller during an operation was measured by 

filling fuel tank before operation and refilling tank by cylinder gauge after 

each plot operation were ploughed. The difference between the two 

readings that is fuel gauge cylinder read before and after an operation was 

fuel consumed per plot. The summation of fuel consumed per plots divided 

by the area operated upon was the total fuel consumed for the operations 

in litres per hectare as stated by (Gupta and Kumar, 2001).  

Machine width and depths of operation for tillage were measured in meter 
immediately after each tillage operation. A graduated measuring steel 
meter made to penetrate tilled soil was used to measure ploughing depths 
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and width were measured by extending meter up to two edge of furrow. 
The depths and width of tilled soil was measured at 20 places per plot at 
different points along the ploughed field and then averaged.  
Total time for each operation and time required in turning was recorded in 
each operation with the help of stop watches and after the completion of 
the operation the time lost in turning and total time of operation was 
determined.  
 
Result and conclusion 
Table2. Average field performance of power tiller on primary tillage   
Parameters      Result values at three soil type  
Soil moisture content at operation 
time   

Clay soil   Loam 
soil   

Sandy 
loam soil   

27.40   18.80   13.74   
Operation  speed, km/hr   2.50   2.50   2.50   
Depth of operation, cm                                                  5.42   20.00   21.50   
Width of operation, cm                                                  43.40   44.25   41.00   
Fuel consumption, l/ha                                                  22.08   19.55   18.75   

Time  of operation, hr/ha   25.00   22.00   14.40   

Effective  field capacity, ha/hr                               0.04   0.045   0.069   

Theoretical  field capacity, ha/hr                            0.109   0.106   0.103   

Field efficiency, in per cent                           36.70   42.50   67.00   

 

From the table 2 the operation width of cut of the machine was found to be 
43.40, 44.25 and 41.00 cm on clay, loam and sandy loam soil respectively. 
The fuel consumption and time of operation on clay soil is greater than 
loam and sandy loam soil. The effective field capacity was found to be 0.04, 
0.045 and 0.069 ha/hr. which is below the theoretical effective field 
capacity of 0.109, 0.106 and 0.103 ha/hr at the three soils type respectively 
this due to the operation weather condition, nature of the soil and the skill 
of the Operator. The field efficiency during the operation was 36.70, 42.50 
and 67% on clay, loam and sandy loam soil respectively. From this 
efficiency the power tiller was efficient loam soil. 
 

Table 3. Field performance of power tiller for secondary tilling  
Parameters            Result values at three soil type  

Soil moisture content at operation time  Clay soil   Loam soil   Sandy soil   

23.97   19.64   15.24   

Operation speed km/hr  2.50   2.50   2.50   
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Width of operation, cm                                              60.00   60.00   60.00   

Fuel consumption, l/ha                                               16.00   15.00   14.00   

Time  of operation, hr/ha  12.27   10.00   9.00   

Effective  field capacity, ha/h                               0.08   0.10   0.11   

Theoretical  field capacity, ha/h                            0.15   0.15   0.15   

Field efficiency, per cent                          53.00   62.50   74.00   

 

From table 3 fuel consumption and time of operation were decreased from 
clay to sand soil. The effective field capacity was found to be 0.08, 0.10 and 
0.11 ha/hr. which is below the theoretical effective field capacity of 0.15 
ha/hr at the three soils type respectively this due to the operation weather 
condition, nature of the soil and the skill of the Operator. The efficiency of 
power tiller on clay, loam and sandy loam soil was 53, 62.5 and 74% 
respectively. For the three soil type the efficiency was greater than 50%.  
From two group feedback of the participant participate on the 

demonstration all most all (100%) participant gave good response and 

they said the technology was good for the medium farmer that cannot buy 

large tractor. 

The demonstration was done on three field farm and at station of ground 

water hole in Delta State Polytechnic Otefe - Oghara. The participants were 

five model farmers and three experts from three districts. Then the 

feedbacks were collected by interview.  

The resisting force required to shaer the soil was determined from 

equation 1 below, 

Hmax = CA + Wtan Y                                                        (11) 

 

Conclusion 

Results obtained showed that the machine performs better on sandy, 

loamy, sandy – loam than clay soil.  The efficiency of the machine was found 

to be 74%, 62.5% and 53% for sandy loam, loamy and clay soil respectively. 

The field capacity was also found to be 67%, 42.5% and 36.7% for the afor- 

mentioned soil types respectively. The fuel consumption rate increases 

with increase in soil hardness.   
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