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ABSTRACT 

The Ethiopian Arda plough is the most commonly used farm tool implement in 

Ethiopia. Nevertheless, using this plough as farm tool is labour intensive, time taking, 

shallow depth and narrow cutting width. Despite, the efforts made to replace this 

traditional plough with modern mouldboard plough by different researchers at different 

times, farmers rejected the improved ploughs for number of reasons. Thus this research 

was initiated to come out with a solution to the aforementioned problems. Therefore, 

the objectives of this research are to model the basic components of animal drawn 

multiple mouldboard plough and to fabricate and test the prototype. A total of eight 

alternative options are considered for conceptual design. Of these, without seat to 

operator, two wheels, two handles and beam attachment design is selected using merit-

demerit analysis, pairwise and direct matrix ranking methods. In addition the prototype 

is prepared in Bahir Dar University Institute of Technology Workshop using locally 

available materials and tested using oxen and horses as draft animals in Nitrosol and 

Vertisols at Burie and Gozamin districts of East and West Gojjam Zones of Amhara 

regional state, which represent the two most dominant soil types, respectively. The 

results of the field observation as well as data generated in the experiment indicated 

there was a significant difference between the ard plough and the newly designed 

prototype in time efficiency, draft force and cutting width. The newly designed 

prototype reduces time spent and increasing cutting width for ploughing by 39.30%, in 

Nitrosol and 35.70%.  In Vertisols compare to traditional ard plough. The mass of the 

newly designed plough and ard plough are 33.80 kg and 27.50 kg, respectively. These 

indicate that the mass of new design is almost near to traditional ard plough. The new 

design mass is support by wheel so it need less draft force relative to traditional ard 

plough. From field test observation using pocket balancing new design reduced 15.3% 

at Nitrisols and 16.5% Vertisoils draft force compared to traditional ard plough in 

different soil types with similar landing levels. The prototype has got wider acceptance 

by farmers in Nitrosol (red soil) of Burie district whereas in Vertisol (black soil) there 

is a limitation on drafting power because of the higher soil moisture content.  

Key words: Multiple mouldboard plough and farm tools 
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CHAPTER ONE 

INTRODUCTION 

1.1. Background  

The rural population in most developing countries of 80-95% of the total population 

and the overwhelming majority of them are practicing small scale farming. Though the 

small-scale farming system is of subsistence type it plays a very important role in the 

economy of the countries since the mass of the agricultural production is from this 

sector. However, agriculture implements used in these countries are very old, out-dated, 

inefficient, time consuming and demand a great deal of physical strength while putting 

them in to use. Using these farm implements cannot increase the agriculture 

productivity unless improved agricultural technologies are used. The history of animal 

traction in eastern and southern Africa, with the exception of Ethiopia and South Africa, 

started with the introduction of ox-plough by the missionaries while in Ethiopia, the 

animal power has been used for thousands of years (Solomon et al., 2005).  

The Ethiopian arda plough ‘traditional Maresha’ is a tillage tool that most farmers still 

use for land preparation. The production of the wooden structure is based on their 

experience and culture with its design made through trial and error methods. Pair Oxen 

and Horse are the main source of draft animal power in Ethiopia (Solomon et al., 2007). 

 

Figure 1-0-1 Three-dimensional sketch of the Ethiopian ard plough ‘Maresha’: (1) 

handle; (2) wooden pin; (3) side-wing; (4) ploughshare; (5) lower metal loop; (6) 

upper metal loop; (7) leather stripe (8) beam; (9) yoke; (10) neck holder sticks; (11, 

12) leather strap or rope; (13) rubber as washer; (14) leather for safety; (15) centring 

pin. 
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Despite the presence of sufficient livestock population in Ethiopia which can be used 

as source of draught forces, animal powered technologies are under-utilized due to as 

considered as by many decision makers that the promotion of animal draught represents 

being backward or not modern.  

The draught requirements of an animal drawn mouldboard plough is affected by the 

type of soil, soil moisture, speed of ploughing, depth and width of the furrow slice, type 

of the mouldboard used, as well as soil-to-metal friction characteristics of the soil-

engaged components (Loukanov et al., 2005).  

The power requirement of tillage implements is an important design consideration 

particularly for animal-drawn implements where the power is limited. But we can 

design by selecting light weight material; using different mechanism like reduced the 

drafting power and easy for operation. Moreover, by reducing the soil-to-metal friction, 

the draught requirement of the plough can be reduced considerably using wheels and 

by selecting animals that have the merit of both speed and good drafting forces. Draught 

animal plough is one of the most power consuming and expensive processes in 

agricultural production. It is known that the draft resistance of the plough, the energy 

requirement and quality of ploughing and expenses depend on the plough body design 

which is determined the plough shear of mouldboard parameter of its supporting surface 

as well as such soil properties as its hardness, density friction and adhesion (Plouffe et 

al., 1995). 

1.2. Statement of the Problem 

Even though several researchers and organizations repeatedly attempted to replace or 

modify the Maresha plough by modern mouldboard plough, farmers rejected the 

ploughs for its heavy weight, high draft power requirement, difficulty to repair, costly, 

complicated (Solomon et al., 2005). Hence they are still using the traditional plough as 

a farm implement tool. However, this farm implement are labour intensive, time taking 

and narrow cutting width. On the contrary, the use  of tractors by the peasant farmers 

is not economical because lack of capital, low level of capability of local industry, lack 

of training and extension personnel, small farm size, slow industrial development and 

crop varieties not amendable to tractorization. Therefore, it is imperative to modify the 

present mouldboard plough by increasing the number of mouldboards thereby using 
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light and strong metals with at least minimum draught power, increased width of slices, 

enhanced speed, reduced number of passes compared to traditional Arda plough, less 

labour intensive with minimum cultivation time.  

1.3. Objective 

1.3.1. General objective 

The main objective of this research was to design and fabrication animal drawn multiple 

mouldboard plough.  

1.3.2. Specific objectives 

This research was conducted with following specific objectives 

 To model the main components of multiple-mouldboard plough  

 To fabricate a prototype 

 Test the prototype   

 To compare the traditional Ard plough with the newly designed multiple 

mouldboard plough 

 To develop a new adjustments for cutting depth 

1.4. Significance  

This study was conducted with the following importance 

 To reduce labour cost required in ploughing operations 

 To increase capacity and efficiency of farm implement  

 To generate information to be used by other concerned bodies  

1.5. Scope of the Study  

This research mainly deals with the designing of multiple mouldboard plough and test 

the implements on Nitrisols and Vertisoils which are dominant soil types in East and 

West Gojjam Zones. Moreover, the experiment uses only oxen and horses as animal 

drafts because these animals are commonly used by the farmers in the study areas.  

 



Design and Fabrication of Animal Drawn Multiple Mouldboard Plough 2017/18 Design and Fabrication of Animal Drawn Multiple Mouldboard Plough  

 

4 
 

CHAPTER TWO 

LITERATURE REVIEW 

2.1. History of Animal Drawn Mouldboard Plough in the World  

Mouldboard plough is the most widespread tillage implement in the world and the 

biggest consumer of energy in agriculture. It is still useful and widely employed for 

primary tillage. It cuts the soil slice, lifts it over the surface of the mouldboard and 

inverts it, burying the surface growth and crop residues to leave a clear surface for 

subsequent cultivation (plouffe et al., 1999).  

The British National Institute of Agricultural Engineering (BNIAE) produced a 

wheeled tool carrier prototype in 1960 and several original designs were developed in 

India and Africa from 1960 to 1975. As a result of British and French technical 

cooperation, early tool carriers were tested in many countries in the world. In all 

countries they were conclusively rejected by farmers as multipurpose implements and 

mainly became used as simple carts. In 1974 the International Crops Research Institute 

for the Semi-Arid Tropics (ICRISAT) started a major program of research involving 

the use of wheeled tool carriers in a crop cultivation system based on broad beds. This 

resulted in the development and refinement of two main wheeled tool carriers that are 

Tropicultor and Nikart. The cropping system was very effective in the deep black soils 

of the research station and was promoted in several states in India. It did not prove 

successful at village level. Up to 1200 tool carriers were distributed to farmers through 

credit and subsidies of up to 80%, but they were rejected as multipurpose implements, 

and most now lie abandoned or are used as carts (Paul Starkey, 1986).  

During the 19th  and 20th century there was a tendency in Europe and North America to 

design ploughing, weeding and harvesting equipment that provided a seat for the 

operator above the working implement. For example “sulky” plough were ride-on 

single mouldboard ploughs as indicated in fig 2.1. These were generally used with large 

number of horses. They had two steel wheels, but unlike the straight axle multipurpose 

cultivators, the wheels were usually offset. These implements were easier to transport 

to the fields than conventional mouldboard ploughs, and the seat provided some 

operator comfort, but they required strong animals and were more expensive than 

conventional equipment (Paul Starkey, 1986).  
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Figure 2-1: Ride-on “Sulky” plough pulled by three horses in United States, from 

International Harvester Catalogue, 1920. (Photo: Institute of Agricultural History, 

Reading). 

2.2. History of Animal Drawn Plough in Ethiopia  

The major contribution of cattle to the agricultural production in the Ethiopia is through 

the draught power provided by oxen followed by horses. Ethiopia presently has the 

largest draught oxen population in sub-Saharan Africa with some 14 million oxen 

routinely used for cultivation (Gryseels & Anderson, 1983). However, these oxen only 

work for about 60 days a year and the rest of the time they are not used for productive 

agricultural purposes (Geza, 1999).  

In 1960, the Jimma plough provided better tillage than the traditional ard-plough on 

sandier soils during on-farm demonstration trials. The Jimma plough is an assembly of 

flat iron strips and a vertical blade, and was used instead of wooden soles and a share. 

But it functioned poorly, particularly on heavier soils, because the angle of the vertical 

blade prevented the plough from penetrating heavy clay soils to a proper depth. In 

addition, the beam often broke because the flat iron strips placed additional stress on 

the beam to which they were attached.  
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In 1970, the vita plough, constructed from a metal mouldboard assembly instead of the 

metal tine and wings that had characterized previous designs was introduced. Tests with 

the vita plough prototype indicated that design changes in the mouldboard assembly 

and the angle of the handle were necessary to improve its tillage performance. This 

assembly improved the plough performance by enabling it to penetrate clay soils better. 

Even though these modifications were incorporated into it, the implement price was not 

affordable by local farmers (Solomon et al., 2005). 

The International Livestock Centre for Africa (ILCA) conducted research on tillage 

implements in relation to their power requirements, cultivation and weeding times and 

crop yields on different soil types. Principal findings showed that the use of steel 

mouldboard plough could reduce frequency of cultivation time by at least half than that 

required for the maresha cultivation because of the mouldboard plough exposes weeds 

and harmful microorganisms to sunlight better than maresha plough (Astatke & 

Mohammed, 1992).  

However the different types of ploughs which are listed in the literature review, well 

perform their task in ploughing time, but these implement have known limitation. These 

limitations are absence of multiple furrows, most of oldest ploughs are made of heavy 

materials, and they have no depth adjustment as well as they are not results of 

combination of the traditional and mouldboard plough.    

2.3. Design of Animal Drawn Mouldboard Plough  

2.3.1.  Animal selection  

Oxen are some of the most powerful draught animals currently used in Ethiopian, but 

they are slow and labour intensive (Betker & Kutzbach, 1989). A major problem with 

animal drawn cultivation implements has always been the necessity of adjusting the 

draft to a reasonable level for the available animals. If the necessary draft reduction 

could not be achieved by adjusting or modifying the implement, it is necessary to 

increase the number and/or select the large weight animals (Brassington, 1987). 

The pull depends mainly on species and body weight but is also influenced by 

condition, temperament, and training (Anonymous, 1992). In general, the optimum pull 

for bovines (ox, cow and buffalo) is about 10-12 % and for equines as about 12-15 % 
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of body weight (Carruthers & Marc, 1992). Ethiopian oxen were used to pulling up to 

20 % of their body weight for tillage (Kebede & Pathak, 1987); while (Girma &Pascal, 

1997), as quoted by (Kaul & Egbo, 1985) showed that the pulling force for donkeys 

can be increased up to 25 to 34 % of their body weight. Based on report (Denvani, 

1981). Draft animals have the capacity to be overloaded for short periods of time and 

can provide good traction even in difficult conditions. They further reported that, 

animals can generally pull loads that are many times heavier than those they can carry, 

with donkeys pulling about 80 % of its weight for short period and 10 -15 % of its 

weight for sustained periods. A variety of ‘acceptable’ limits has been proposed over 

the years. For oxen, these have been in the region of 10-20 % of the animal’s body 

weight, as suggested by (Premi, 1981) and (Maurya, 1982). 

The draught power of an animal depends on the species, sex, size, body weight, 

nutrition and health, environment, training of work and terrain conditions.  According 

to (Srivastava, 1989) report using local yokes/harnesses and in suitable working 

conditions of 6 to 8 hours, at different seasons, different animals performed as shown 

table 2.1. 

 Table 2:1. Draught equivalent to percentage of body weight 

Animal Summer (%) Winter (%) Duration of Work (hours) 

Bullocks 12 14 7 

Male buffaloes 10 12 6 

Camels 15 16 7 

Donkeys 32 34 6 

Source: Srivastava (1989) 

Before attempting to determine the kind and number of animals required for any 

particular farm, animal owners should be familiar with the concepts of pulling (draft) 

capacity and power. They should also consider the work characteristic of draft animals. 

The draft capacity of an animal increases with its weight.  On the other hand the 

continuous pull available from work oxen is usually taken to be 10% of animal’s body 

weight (INNS 1990). The rule applies when the animal is allowed to assume a natural 

pace and expected to produce an extended rather than a concentrated effort. Under 
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typical farm conditions in the Ethiopian highlands, a pair of indigenous oxen is used to 

till with a draught force requirement of about 1.0 KN (Gebresenbet & Kaumbutho, 

1996). The average working speed of oxen is 0.4 to 0.5 m/s (Gryseels et al., 1984), 0.63 

m/s (Astatke & Matthews, 1984). Whereas the average speed using horses is 0.75– 1.07 

m/s. However, a pair of crossbred cows moves faster (an average of 0.894 m/s) than the 

pair of oxen (on average of 0.63 m/s), and exerts proportionally greater pulling forces 

when operating in the same field (Astatke & Matthews, 1984). 

2.3.2. Property of soils 

Generally the mouldboard plough works well as a low speed soil inverting implement 

and improvements in the design can be obtained mainly by reducing draught and wear. 

It was estimated that the friction component of draught contributes about 30% of the 

total draught for ploughs working at a speed of 0.833 m/s (Kepner et al., 1982). The 

draught forces in animal-drawn ploughs vary from 850 N to 2,000 N depending upon 

the type of the soil and its moisture content. By reducing the soil-to-metal friction, the 

draught requirement of the plough can be reduced considerably (Wismer et al., 1968). 

Moreover, the values of the specific draught vary from 1.4 to 2 N/cm2 (14–20 KPa) in 

sandy soils and from 10 to 14.4 N/cm2 (100–144 KPa) in heavy clay soils (Salokhe & 

Gee-Clough 1988).  

Various attempts have been made to reduce friction and adhesion of soil on tillage 

implements by using coatings, such as glass, Teflon, special paints and other low 

friction materials. These efforts were usually unsuccessful due to poor wear resistance, 

complicated coating techniques or cost limitations. The friction on mouldboard plough 

may represent as much as 30% of the total draught force. They found that covering the 

plough bottom with Teflon reduced the draught by 23%, but Teflon showed low 

wearing resistance and the technique was expensive. Different coating materials were 

tried by in investigating the soil adhesion on cage wheel lugs. They found that enamel 

coating on a cage wheel lug reduced the soil adhesion considerably. Later employed 

enamel coating to mouldboard plough, mainly to mouldboard and share, and conducted 

laboratory experiments in a soil bin using Bangkok clay soil under variety of working 

conditions. They have investigated the draught variation at four different soil moisture 

levels 21%, 31%, 51% and 58% (dry matter bases), and three speeds 1, 2 and 3 km/h. 

It was found that enamel coating was the best material to reduce friction and plough 
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draught requirements. The results obtained show a draught reduction by up to 26% 

depending upon soil moisture content and speed. Results show that hat enamel coating 

has a significant influence on the working performance of animal-drawn mouldboard 

plough. It was found that enamel coating reduced considerably both the specific draught 

and the actual draught. As compared to uncoated plough the specific draught was 

reduced by as much as 25.7% at 25% dry matter bases soil moisture content and by 

20.3% at 32% dry matter bases soil moisture contents (Salokhe et al., 1989). 

From the above literature discusses how to reduced soil metal friction in different soil 

types but in theses research applied some of the above technique to achieve the 

objective of the thesis.     

2.3.3. Shape of mouldboard plough 

The shape of any tillage implement is very important as it influences the performance 

of the tool. It is an important parameter in determining the draught requirement and the 

final soil condition. The shape of the mouldboard plough depends on the soil type and 

the speed of operation. High speed ploughs are designed differently from low speed 

ploughs. The design is usually based on the projected path of the soil particles as they 

move along the plough body. 

The shape of the mouldboard plough is difficult to describe precisely. Attempts have 

been made to try to identify the important points and features in the mouldboard plough 

body, a consensus is yet to be achieved on this aspect. Most of the existing descriptions 

depend on what the various researchers perceive to be the most important aspects of the 

plough body. 

A technique developed by (Poesse & Sprong, 1976) which they called the C.P.C. 

(Characteristic Point Coordinate) method for description of mouldboard shapes. This 

method used a coordinate system on the three axes X, Y and Z. The X-Y plane 

represented the furrow bottom, the X-Z plane represented the furrow side and the Y-Z 

plane was perpendicular to the other two planes. They opted for this method after 

having used the pantograph which they found to be accurate but very tedious and 

difficult to comprehend. 
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The idea of (Poesse & Sprong, 1976) was to characterize the shape as accurately as 

possible with the least amount of data. They were interested in the following: 

- The horizontal cutting angle, 

- The vertical cutting angle, 

- The movement of the soil across the mouldboard, 

- The turning of the soil, 

2.3.4. Draft force analysis  

The draft of a plough is the horizontal force with which it resists forward movement. 

The effective vertical force (E.V.F.) acting on a plough is made up of its weight (gravity 

force) and vertical force components from the soil and/or the operator, which may act 

upwards or downwards. The overall effect must be downwards otherwise the plough 

will not enter into work (Inns et al., 1997). The forces acting on the traditional ard 

plough of Ethiopia are the pulling force applied by the draught animal, the gravitational 

force (weight of implement), the force exerted by the operator, the gravitational force 

of the soil, the soil resistance, the interface forces between the soil and plough (share 

and side-wings at the front and back sides) and the inertia force (Solomon et al., 2007). 

A study on draught and energy requirements of agricultural implements was carried out 

on the semi-arid regions of Morocco by (Bashford et al., 1991). They reported a simple 

linear function relating draught to travel speed and implement depth as: 

Y = a + bS + Cd………………...………....…………………………………2.1 

             Where: Y = draught per unit width of implement (kNm-1), 

 a = intercept, 

 b, C = regression coefficients, 

 S = speed (kmh-1), and 

 D = implement depth (m). 

Many studies, (Upadhyaya et al., 1984), (Harrigan & Rotz, 1994) and (Grisso et al., 

1996) have been conducted to measure the draught and power requirements of tillage 

implements under various soil conditions.  

Support forces are upward-acting force components, which reduce the E.V.F. thereby 

reducing plough draft and depth of work, intentionally or otherwise. The pull acting on 

an implement is the force exerted on the implement from the draft animal(s). It is 
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usually inclined at an angle to the horizontal; this is the angle of pull. The horizontal 

component of the pull is used to move the plough forward against its draft and the 

vertical component counteracts the effective vertical force acting on the plough. The 

force centre (centre of resistance) of the plough is the point(P1) through which the lines 

of action of the draft, E.V.F. and pull forces pass to keep the plough in steady work, 

with no tendency to rotate out of its correct working alignment. Wheels were used to 

support part of the plough weight, which reduced the effective vertical force (E.V.F.  

See Figure 2.2) and hence the draft, with a corresponding reduction in depth of work. 

Swing ploughs had no wheels but were fitted with slades (horizontal supporting 

surfaces which slid along the furrow bottom) to provide support.provide support (Inns 

et al., 1997). 

 

Figure 2-2: Forces acting on a work animal and the plough 

Where, Forces acting on the plough at the force centre (point 1): 

 H1 and H 2= plough draft 

 V1 and V2 = effective vertical force (E.V.F.) acting on the plough 

 P1 and P2= pull in the plough chain 

 α1and α2 = angle of pull 
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 H1 and V1 are forces exerted by the animal to generate the pull force P1 in the 

chain, having the same magnitude as the corresponding forces on the plough.  

In general the overall design of animal drawn mouldboard plough considers the 

following important components as indicated in Figure-3.  

 

Figure 2-3: Illustrative diagrams of some of the forces acting on a plough 
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CHAPTER THREE 

MATERIAL AND METHODS 

3.1. Conceptual Design 

Conceptual design is the method of developing different ideas about the working 

mechanism and structure of the product. It is also a description of the proposed system 

in terms of a set of integrated ideas and concepts about what a design must do, behave, 

and look like to realize the stated requirements and to be understandable by the users in 

a way applicable (Ken Hurst, 1999).  

3.1.1. Solution variants 

It is the decision that a product should be investigated in multiple variants to select the 

optimum combination even before designers start their work. 

Option for designing animal drawn multiple mouldboard plough  

There are four arrangement of multiple mouldboard plough depending up on the 

position of operator, number of wheels, number of handling and hitch attachments. 

1. Operator   

A) Having seat for the operator on the top of the implement 

B) Without seat for operator on the top of the implement 

2. Number of wheels 

A) One wheel 

B) Two wheels  

3. Number of handle 

A) One handle 

B) Two handles  

4. Plough and yoke Attachment 

A) Beam  

B) Chain  

There will be twelve options in relation to the above four organization, however, 

Having seat for the operator on the top of the implement has no relationship with 

number of handling and one wheel because of these there are eight options that are: 
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1st Seat to operator, two wheels and Beam attachment (1A2B4A) 

2nd Seat to operator, two wheels and Chain attachment (1A2B4B) 

3rd Without seat to operator, one wheel, one handle and Beam attachment (1B2A3A4A) 

4th Without seat to operator, two wheels, one handle and chain attachment (1B2B3A4A) 

5th Without seat to operator, two wheels, two handle and chain attachment (1B2B3B4A) 

6th Without seat to operator, two wheels, two handle and beam attachment (1B2B3B4B) 

7th Without seat to operator, two wheels, one handle and chain attachment (1B2B3A4B) 

8th Without seat to operator, one wheels, two handle and beam attachment (1B2A3B4A) 

General advantage and disadvantage of the eight alternative options  

In this section the selection criteria of the alternative options are evaluated using merit 

demerit analysis. These are the mass of implement (heaviest, heaver and heavy), 

comfort to operator (good, better and best), control the implement (easiest, easier and 

easy), cutting depth (high, medium and low) and speed (high, medium and low).  

I. Seat to operator, two wheels and Beam attachment 

The overall structural design of option one is indicated below in Figure -3.1. 

Advantages 

 Easiest to control the implement  

 Best comfort for the operator because of the operator seat on the implement  

 High cutting depth because of seat to the operator ` 

Disadvantages 

  Heaviest  due to the operator seat on the implement   

 Low speed because of heavy weight  
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Figure 3-1 Seat to operator, two wheels and Beam attachment 

II. Seat to operator, two wheels and Chain attachment 

The overall structural design of option two is indicated below in Figure -3.2. 

Advantages`` 

 Easier to control the implement  

 Best comfort for the operator because of the operator seat on the implement 

 High cutting depth because of seat to the operator 

Disadvantages 

 Heaviest  due to the operator seat on the implement  

 Low speed because of heavy weight  

 

Figure 3-2 Seat to operator, two wheels and Chain attachment 
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III. Without seat to operator, one wheel, one handle and Beam attachment  

The overall structural design of option three is indicated below in Figure -3.3. 

Advantages 

 Heavy because of one wheel and one handle  

 Easier to control the implement because of the beam  

 Better to  comfort the operator 

 Medium cutting depth  

Disadvantages 

 Low speed because of one wheel carrying all masses of implement  

 

Figure 3-3 Without seat to operator, one wheel, one handle and Beam attachment 

IV. Without seat to operator, two wheels, one handle and chain  attachment  

The overall structural design of option four is indicated below in Figure -3.4. 

Advantages 

 Easy to control the implement because of chain attachment 

 Good comfort for the operator  

 High speed because of two wheel support the masses of implement  

Disadvantages 

 Heavier weight   

 Low cutting depth  
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Figure 3-4 Without seat to operator, two wheels, one handle and chain attachment 

V. Without seat to operator, two wheels, two handles and chain attachment  

The overall structural design of option five is indicated below in Figure -3.5. 

Advantages  

 Good to comfort the operator  

 Medium cutting depth 

 High speed because of two wheel support the masses of implement  

 Easy  to control the implement   

Disadvantages 

 Heaviest weight 

  

Figure 3-5 Without seat to operator, two wheels, two handle and chain attachment 
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VI. Without seat to operator, two wheels, two handles and beam attachment  

The overall structural design of option six is indicated below in Figure -3.6. 

Advantages 

 Easiest to control the implement because of beam attachment  

 Better to comfort the operator  

 Medium cutting depth 

 High speed because of two wheel support the masses of implement  

Disadvantage  

 Heavier weight  

  

Figure 3-6 Without seat to operator, two wheels, two handle and beam attachment 

VII. Without seat to operator, two wheels, one handle and chain attachment  

The overall structural design of option seven is indicated below in Figure -3.7. 

Advantages 

 Easy to control the implement   

 Better comfort for the operator because of one handle  

 High speed because of two wheel support the masses of implement  

Disadvantages  

 Heavier weight  

 Low cutting depth  
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Figure 3-7 Without seat to operator, two wheels, one handle and chain attachment 

VIII. Without seat to operator, one wheel, two handles and beam attachment  

The overall structural design of option eight is indicated below in Figure -3.8. 

Advantages  

 Heavy  weight  

 Easiest to control the implement  

 Best comfort to the operator  

 Disadvantages 

 Low speed 

 Low cutting depth   

  

Figure 3-8 Without seat to operator, one wheel, two handles and beam attachment 
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3.1.2. Comparison of eight alternative options by scientific justification 

In order to select the best structural design out of the eight alternatives mentioned 

above, six important parameters were considered designated A-F alphabetic order 

(A=weight of implement, B= drafting power, C = easier operator, D = cutting depth, 

E= Control implement and F= Transportation). Pairwise ranking method was employed 

to prioritize the six parameters as shown in Table 3.1 

Table 3:1. Pairwise ranking of the six important parameters 

Design 

Criterion 

A B C D E F Row 

Total 

Relative 

weight 

A - 0 1 1 1 1 4 4/15(0.27) 

B 1 - 1 1 1 1 5 5/15(0.33) 

C 0 0 - 0 0 1 1 1/15(0.067) 

D 0 0 1 - 0 0 1 1/15(0.067) 

E 0 0 1 1 - 1 3 3/15(0.2) 

F 0 0 0 1 0 - 1 1/15(0.067) 

Total 15 1 

Based on pairwise ranking result as indicated in Table 3.1, drafting power selected 5 

times with relative weight of (0.33) followed by weight of implement (0.267). Easier 

operation, better cutting depth, control the implement (0.2) and transportation preferred 

once equally (0.0667) as the least in prioritization order using pairwise ranking.  

3.1.3. Selection of evaluation scheme 

Selection of evaluation scheme is important to choose the best structural design. Thus 

two types of selection schemes (11 and 5-point scales) were used in this research. So 

from this stand 11-point scale was chosen for its overall performance of its smart 

solutions as shown in Table 3.2. 
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Table 3:2. Selection of variant options using direct matrix ranking method 

11-point 

Scale 

Description 5-point 

Scale 

Description 

0 Totally useless solution 0 Inadequate 

1 Very inadequate solution 

2 Weak solution 1 weak  

3 Poor solution 

4 Tolerable solution 2 Satisfactory 

5 Satisfactory solution 

6 Good solution with a few drawbacks 3 good  

7 Good solution 

8 Very good solution 

9 Excellent 4 Excellent 

10 Ideal solution 

Table 3:3. Selection of variants options 

Selection 

criteria 

Relative 

Weight 

Options 

1 2 3 4 

Weight of implement 0.2670 3 (0.80) 2 (0.53) 5 (1.34) 5 (1.34) 

Drafting power 0.3300 4 (1.32) 4 (1.32) 4 (1.32) 6 (1.98) 

Easier operation 0.0667 5 (0.34) 6 (0.40) 8 (0.53) 7 (0.47) 

Cutting depth 0.0667 10 (0.67) 10 (0.67) 4 (0.27) 6 (0.40) 

Control implement 0.2000 9 (1.80) 9 (1.80) 3 (0.60) 3 (0.60) 

Transportation 0.0667 2 (0.13) 3 (0.20) 8 (0.53) 7 (0.47) 

Total 

Rank 

 5.057 

6th 

4.921 

7th 

4.59 

8th 

5.249 

4th 
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Continued from Table 3.3 

Selection  

criteria 

Relative 

Weight 

Options 

5 6 7 8 

Weight of implement 0.2670 4 (1.07) 5 (1.35) 6 (1.60) 5 (1.34) 

Drafting power 0.3300 6 (1.98) 7 (2.31) 7 (2.31) 7 (2.31) 

Easier operation  0.0667 7 (0.47) 7 (0.47) 7 (0.46) 6 (0.40) 

Cutting depth 0.0667 7 (0.47) 9 (0.60) 7 (0.47) 7 (0.47) 

Control implement 0.2000 4 (0.80) 5 (1.00) 4 (0.80) 4 (0.80) 

Transportation 0.0667 6 (0.40) 6 (0.40) 6 (0.40) 6 (0.40) 

Total 

Rank 

 5.182 

5th 

6.112 

1st 

6.046 

2nd 

5.317 

3rd 

N.B. Where numbers outside the parenthesis written in the bold indicate the 11-scale 

selection scheme and those inside the parenthesis is obtained by multiplying the relative 

weight of each criterion with that of the 11-selection scheme. 

Therefore, based on the above scientific justification the best option from the eight 

alternatives were decided that is without seat to operator, two wheels, two handles and 

beam attachment which is mentioned in option number 6th because of the following 

observed clear merits over the others.  

 Easiest to control the implement because of beam attachment  

 Better to comfort the operator  

 Medium cutting depth 

 High speed because of two wheel support the masses of implement  
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3.1.4. Part of selection multiple mouldboard plough  

According to the decision made through merit analysis the shape and structure of the 

selected design is without seat to operator, two wheels, two handles and beam 

attachment with different parts that are: 

Table 3:4. Selection of parts of shape and structure of two handles and two wheels 

without operator 

Part name Solution Variants 

A B C D 

Share   

       

 

Mouldboard 

  

  

Wheels  

   

 

Plough Hitch 

    

Yoke 
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Table 3:5.  Selection of parts and structure of chosen design 

Selection 

criteria 

Solution Variants 

Mouldboards Shares Wheels Plough 

Hitches 

Yokes 

 A B A B C A B C A B C D A B 

Light weight + + + + - + +  + + + + + - 

Drafting power  + - + - 0 - + + + - + - - + 

Corrosion 

resistance  

+ + + + + + - + + + + + + + 

Maintainability  + + + + - + + - + + + + - + 

Easy to operate + + + + + - + - + - + - - + 

Durability - - - - + - + + + - - - + - 

Plus 5 4 5 4 3 3 4 3 6 3 5 3 3 4 

Minus 1 2 1 2 2 3 2 2 0 3 1 3 3 2 

Sum  4 2 4 2 1 0 2 1 6 0 4 0 0 2 

Rank 1 2 1 2 3 3 1 2 1 3 2 3 2 1 

Where: + Better, - Worse and 0 means that the concept is not clearly better or worse 

3.2. Principles of the Implement 

The implement working principle is similar to traditional Ard plough except some parts 

of implement that are the setting depth of multiple mouldboard plough is remove the 

frog and change and adjusting the hollow required depth is achieved. If we used 

different drafting force animal we can adjusting by yoke hollow and different heights 

of animal it can adjust by the frame and beam hollow.  
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Figure 3-9 Combined working structure of selected design 

3.3. Detail Design of Selected Mouldboard Plough 

Detail design is the part of a design process which completes the embodiment of 

technical products with final instructions about the shapes, forms, dimensions and 

surface properties of all individual components, the definitive selection of materials, 

and a final scrutiny of the production methods, operating procedures and costs. Hence 

the three dimension sketch is presented in Figure 3.10 

Figure 3-10 Three-dimensional sketch of the multiple mouldboard plough: (1) 

Handling; (2) Handling attachment; (3) Mouldboard plough; (4) Hitch; (5) Beam; (6) 

Wheel; (7) Centring pin; (8) ; (9) Yoke; (10) Neck holder sticks. 
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Assumption for the design analysis  

 The mouldboard is used for inverts, burying the surface growth and furrow 

making 

 The operator is control depth and reduce draught requirement 

 Soil type and properties were considered 

 The two draught animals have same size and weight 

 The pulling force by the right draught animal F1 equals the pulling force by the 

left draught animal F2  

 Pulling angle α1 and α2 are equal  

 The two draught animals keep their position equidistant from the centring pin. 

The forces acting on the mouldboard plough are:  

 The pulling force applied by the draught animal 

 The gravitational force (weight of implement) 

 The force exerted by the operator 

 The gravitational force of the soil, the soil resistance 

 The interface forces between the soil and plough  and     

The Assumptions parameters from reference and field observation  

 Rake angle 200 

 Animal pulling force (F) 600N 

 Operator force (FO) 100-250N  

 The average working speed of oxen is 0.63 m/s 

 Soil moisture content, 0-15 %. 

3.3.1. Design of yoke  

There are varieties of harnessing systems that have been developed and used for animal 

drawn; the most common system being using the yoke. There are two main types of 

yokes: The head yoke and the neck yoke. In Ethiopian context the neck yoke is the most 

commonly used one. It is made of wood and the dimension of such yoke is shown table 

3:6 based on observation made in Burie and Gozamin districts. Therefore, by 

considering the above data, the Gozamin district yoke which is made of wood is 

selected and the mechanical property is presented in appendix Table B: 1.   
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Table 3:6. Structural dimension of the two districts yoke 

Average dimension of yoke Burie district Gozamin district 

Length  1.60 m 1.60 m 

Diameter of yoke   0.12 m 0.12 m 

Length of neck  holder  0.25 m 0.35 m 

Length of neck holder stick  0.60 m 0.65 m 

Diameter of neck holder stick  0.04 m 0.03 m 

3.3.1.1. Force analysis between yoke and beam  

From the above assumptions Pulling angle α1 and α2 are also equal (α1 = α2 = α) and the 

two animals pull force F1 and F2 are equal (F1 = F2 =F) 

The pulling force Fb on the beam in N can be derived directly from the yoke input forces 

from force balance. At equilibrium, the sum of forces between the yoke and the beam 

in x and y directions equals zero.  

Based on literature review and filed observation, currently Ethiopian animal’s height 

and traditional Ard plough beam length is between 1000mm to 1400mm and 2500mm 

to 3000mm, respectively. Therefore, I had taken the average of the data 1200mm and 

the smallest 2500mm because of my implement have a frame on it.   

We can calculate the pull angle using sine law   

sin 90

2500
=  

𝑠𝑖𝑛𝛽1

1200−550
……………………….……..….……………...3.1 

𝑠𝑖𝑛𝛽1 =  
650∗sin 90

2500
  

𝑠𝑖𝑛𝛽1 = 
650

2500
  

𝛽1 = sin−1(0.26 )  

𝛽1= 15◦ 
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Figure 3-11 Free body diagram of force analysis between yoke and beam 

The transferred pulling force from the two draught animals to the beam Fb and its angle 

of action 𝛽1 can be given by Eqs. 

∑ 𝑓𝑥 =  𝐹1𝑐𝑜𝑠𝛼1 + 𝐹2𝑐𝑜𝑠𝛼2= 𝐹𝑐𝑜𝑠𝛽1……………...….............3.2 

∑ 𝑓𝑦 =  𝐹1𝑠𝑖𝑛𝛼1 + 𝐹2𝑠𝑖𝑛𝛼2= 𝐹𝑠𝑖𝑛𝛽1……………...………...…3.3 

Fb = 
𝐹1𝑐𝑜𝑠𝛼1+𝐹2𝑐𝑜𝑠𝛼2

𝑐𝑜𝑠𝛽1
  = 

𝐹1𝑠𝑖𝑛𝛼1+𝐹2𝑠𝑖𝑛𝛼2

𝑠𝑖𝑛𝛽1
………………………..….3.4 

𝛽1 =  tan−1{
𝐹1𝑠𝑖𝑛𝛼1 + 𝐹2𝑠𝑖𝑛𝛼2

𝐹1𝑐𝑜𝑠𝛼1 + 𝐹2𝑐𝑜𝑠𝛼2
} 

From the above relation 𝛽1 and  𝛼  are equal then it can calculated Fb 

Fb 𝑐𝑜𝑠𝛽1 = 𝐹1𝑐𝑜𝑠𝛼1 + 𝐹2𝑐𝑜𝑠𝛼2 but α1 = α2 = α and 𝐹1 = 𝐹2 = F 
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Fb 𝑐𝑜𝑠𝛽1 = 2F 𝑐𝑜𝑠𝛼 = 2F  

Fb = 2F 

Fd = Fb*𝑐𝑜𝑠𝜃……………………...……………………………….…………3.5 

Where  

Fd = draft, N 

Fb = pull, N and 

θ = angle between the chain and horizontal. 

Draft force = beam force *𝑐𝑜𝑠𝛽1 = Fb 𝑐𝑜𝑠15 

Fd = 1000N = Fb 𝑐𝑜𝑠15 

Fb = 1035.27N 

3.3.1.2. Mass of yoke  

Volume of yoke (Vy) = 𝜋𝑟2𝑙 =  𝜋0.062 ∗ 1.6 = 0.01809m3 

Volume of neck holder (Vn) = 𝜋𝑟2𝑙 = 𝜋0.0152 ∗ 0.65 = Vn = 0.00046m3 

Total volume (VT) = Vy + 4Vn   = VT = 0.01809m3 + 4*0.00046m3 = 0.01827m3 

Density = Mass/ Volume the density of Cedar (wood) is 0.313 g\cm3 change in to kg/m3 

Density of Cedar (wood) is 0.313 g\cm3 = 313kg/m3  

Mass yoke = Density* Volume = 313kg/m3 *0.01827m3 = 5.719Kg  

Three-dimensional sketch of the yoke 

 

Figure 3-12 Three-dimensional sketch of the yoke: (1) neck holder sticks; (2) centre 

pin; and (3) adjustment hole; 
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3.3.2. Design of beam  

A beam is a long wooden or metal piece, which connects the main body of the plough 

to the yoke. The material used as a beam in this research is made of wood because of 

its light weight, made of locally available materials and low cost.  Moreover, wood 

beam is the most commonly used one in the study areas (Burie and Gozami districts). 

The mechanical property of wood is shown in Appendix Table B: 1. the design of the 

beam of the plough is mainly dependent on force, tensile and bearing stresses which 

are calculated as presented below in figure 3-13 and 3-14. 

3.3.2.1. Force analysis between frame and beam    

 

Figure 3-13  Free body diagram of beam force analysis 

∑ 𝑓𝑦 =  𝐹𝑏𝑦 =  𝐹𝑏𝑠𝑖𝑛𝛽1= 0 ……………………………...…….…………..3.6 

∑ 𝑓𝑥 =  𝐹𝑏𝑐𝑜𝑠𝛽1 - Ff = 0…………………………........................................3.7 

Ff = 𝐹𝑏𝑐𝑜𝑠𝛽1 = 1035.27N*cos15   

Ff = 1000N 

It is obvious the beam developed tensile, shear and bearing stresses that are calculated 

using formulas as indicated below.   

3.3.2.2. Stress analysis 

 

Figure 3-14 Free body diagram of beam tensile stress analysis 
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When a body is subjected to two equal and opposite axial pulls (also called tensile load) 

then the stress induced at any section of the body is known as tensile stress 

σt = Fb/A …………………………………………..............................……..3.8 

σt = tensile stress 

Fb = Axial tensile force acting on the body, 

A = Cross-sectional area of the body, 

But the stress is applied in the smallest and weak cross section area. The beam is holes 

and the stress is applied in this small area shown Figure 3-15 

 

Figure 3-15 Beam hole subjected to stress 

Area of hole beam = 
𝐷2

4
 – D*d 

A = 
0.062

4
 – 0.06*0.01  

A = 0.00223m2 

Fb = 1035.27N 

σ = 464781.5N/m2 = 0.4648MPa 

Stress Concentration  

Whenever a machine component changes the shape of its cross-section, the simple 

stress distribution no longer holds good and the neighbourhood of the discontinuity is 

different. This irregularity in the stress distribution caused by abrupt changes of form 

is called stress concentration. 

Cracks always initiate at points of stress concentration. The theoretical or form stress 

concentration factor is defined as the ratio of the maximum stress in a member (at a 

notch or a fillet) to the nominal stress at the same section based upon net area. 

Mathematically, theoretical or form stress concentration factor 

𝐾𝑡 = 
σmax

𝜎
 = (1 +

2𝑎

𝑏
) 

Where 
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σmax = maximum stress 

𝜎 = Normal stress  

When the hole is circular a/b = 1 and the maximum stress is three times the nominal 

value. 

 Stress concentration factor 

𝐾𝑡 = 
σmax

𝜎
 = (1 +

2𝑎

𝑏
) = 3 

𝑲𝒕 = (1 +
𝟐

𝟏
) = 3 

σmax = 3𝜎 = 3*0.3451MPa  

𝛔𝐦𝐚𝐱 = 1.0353 MPa  

3.3.2.3. Fatigue analysis  

The material is subjected to repeated stresses, it fails at stresses below the yield point 

stresses. Such type of failure of a material is known as fatigue. 

The stresses which vary from zero to a certain maximum value are called repeated 

stresses. 

Reversed stress component or alternating or variable stress are calculated as follow. 

In these implement fatigue are created because of the implement draft 1035.27N to 

0N or 0.4648MPa to 0MPA reversed stress then it can calculate  

𝜎𝑣 = 
𝜎𝑚𝑎𝑥 − 𝜎𝑚𝑖𝑛

2
 = 

1.0353− 0

2
 

𝝈𝒗= 0.518MPa 

𝜎𝑚 = 
𝜎𝑚𝑎𝑥 + 𝜎𝑚𝑖𝑛

2
 = 

1.0353− 0

2
 

𝝈𝒎= 0.518MPa 

Where  

𝜎𝑚𝑖𝑛 = Minimum stress 

𝜎𝑣= Alternating stress 

𝜎𝑚= Mean stress 

Safety factor = 
Yield stress 

𝑑𝑒𝑠𝑖𝑔𝑛 𝑠𝑡𝑟𝑒𝑠𝑠
   = 

45.5 

1.0353
 = 43 

According to Goodman fatigue failure criteria we can find Endurance limit for 

completely reversed stresses 

1 

𝑛
 =  

𝜎𝑚 

𝜎𝑢
 + 

𝜎𝑣

𝜎𝑒
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1 

43
 =  

0.518 

45.5
 + 

0.518

𝜎𝑒
  

𝝈𝒆= 43.63 

Stress ratio, R = 
σmax

σmin
  for completely reversed stresses, R = – 1 and for repeated stresses, 

R = 0.  

The following relation between endurance limit and stress ratio may be used 𝜎𝑒
,  = 

3𝜎𝑒

2−𝑅
 

Where  

 𝜎𝑒
,  = Endurance limit for any stress range represented by R 

𝜎𝑒 = Endurance limit for completely reversed stresses, and 

R = Stress ratio 

 𝜎𝑒
,  = 

3∗43.63

2−0
 = 65.5MPa 

3.3.2.4. Bearing stress (b) 

A localised compressive stress at the surface of contact between two members of a 

machine part that are relatively at rest is known as bearing stress or crushing stress. The 

bearing stress is taken into account in the design of bolts, riveted joints and pins etc. 

according to the design made in this study the beam and beam attachment steel is 

connected by bolt shown in Figure 3-16. Thus, we can calculate bearing stress using 

formula presented below. 

 

Figure 3-16 Free body diagram of beam developed bearing stress analysis 

b = Fb/2td……………………………………….………………………………….3.9 

Where 

Fb = beam force = 1035N 

t = thickens of sheet metal = 0.004m 

d = diameter of bolt = 0.01 

b = 

1035.27N

2∗0.004∗0.01
  

b = 1294874N/m2
 = 1.2948MPa (around the beam hole) 
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3.3.2.5. Mass of beam 

Table 3:7. Structural dimension of the two districts of a beam 

Dimension of beam (mm) Burie 

district 

Gozamin district New 

design 

Length 3000 -3200 2500-3000 2500 

Diameter of beam 70 60-70 60 

Length of attachment sheet metal - - 100 

Height  of attachment sheet metal - - 180 

Thickness of attachment sheet 

metal 

- - 4 

We can calculate the mass of beam using density of wood and metal  

Volume of beam (Vb) = 𝜋𝑟2𝑙 =  𝜋0.032 ∗ 2.5 

Vb = 0.007068m3 

Density = Mass/ Volume  

Density of Cedar (wood) is 0.313 g\cm3 = 313kg/m3 

Mass beam = Density* Volume = 313kg/m3 *0.007068m3 

Mass (Mwood) = 2.21Kg  

We can calculate tee mass of attachment steel metal  

Volume of attachment = t*h*l = 0.004*0.1*0.18 = 7.2*10-5 

The density of steel 7850kg/m3 

Mass of attachment = 7.5*10-5*7850kg/m3  

Mass of attachment = 0.565kg 

Total mass of beam = 2.21Kg +0.565kg  

Total mass of beam = 2.775kg 

Hence the calculated tensile stress on the beam which is 0.3662MPa was much less than 

the maximum allowable tensile strength of the wooden used in the construction of the 

beam, 45.5 MPa, hence the beam is safe for operation. 
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Three-dimensional sketch of the beam 

 

Figure 3-17 Three-dimensional sketch of the bam: (1) Centring pin; (2) bolt; and (3) 

beam attachment chain; 

3.3.3. Design hitch 

A hitch is the connection between the beam and the frame in this study the hitch is made 

of steel (FeE220) because of commercial factors such as cost, availability and ease of 

manufacture in comparison with cast-iron. On the other steel is preferred than wood 

due to wearing and connection problems. Mechanical property of steel shown Appendix 

Table B: 4.  

3.3.3.1. Force analysis of hitch  

From the beam we can the force of hitch (Fh)  

 

Figure 3-18 Free body diagram of hitch 

∑ 𝑓𝑦 =   𝐹𝑏𝑠𝑖𝑛𝛽1= 0 ..…………………………………...………………...3.10 

∑ 𝑓𝑧 =  𝐹𝑏𝑐𝑜𝑠𝛽1 - 2Fh = 0..……………………….......................................3.11 

2Fh= 𝐹𝑏𝑐𝑜𝑠𝛽1= 1035N 𝑐𝑜𝑠15 = 1000N 
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Fh = 500N  

 3.3.3.2. Normal stress 

σt = Fh/A  

A = 4*t *b = 4*0.04m*0.06m = 1.6*10-4m2 

σt = 500N/ 1.6*10-4m2 

σt = 3125000N/m2  

σt = 3.125MPa 

3.3.3.3. Calculate of shear stress 

When a body is subjected to two equal and opposite forces acting tangentially across 

the resisting section, as a result of which the body tends to shear off the section, then 

the stress induced is called shear stress. 

The hitch is connected with the frame by two bolts it is developed shear stress 

 

Figure 3-19 Free body diagram of hitch to connected with frame 
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 = 
Fh

2𝐴
  

We can calculate the area of bolt d is 0.01mm 

A =  
𝑑2

4
  = 7.86*10-5m2 

 = 500/ (2*7.86*10-5m2) 

 = 3.184MPa 

3.3.3.4. Bearing stress 

σb= 
Fh

2𝑡𝑑
  

………………….…………………………………..………………3.12 

Where  

σb = bearing stress 

t = thickness of sheet metal = 0.004m  

d = diameter of bolt = 0.01m 

σb = 
500

2∗0.004∗0.01
  

σb = 6249999.9N/m = 6.25MPa 

3.3.3.5. Mass of hitch 

It is rectangular sheet metal (steel)  

Volume hitch = l*h*t = 0.2*0.4*.004 

 Volume hitch = 3.2*10-4m3 

M (hitch) = Density of steel* Volume hitch 

Density of steel = 7850kg/m3 

M (hitch) = 7850kg/m3* 3.2*10-5 m3 

M (hitch) = 2.512kg 

Hence the calculated stress on the hitch which is 6.25MPa was much less than the 

maximum allowable stress of the steel used in the construction of the hitch (it mean 

selection material allowable stress) 220 MPa, hence the hitch is safe for operation.  
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Three-dimensional sketch of the hitch 

 

Figure 3-20 Three-dimensional sketch of the hitch: (1) beam adjustment hole; (2) 

hitch; and (3) frame attachment bolt; 

3.3.4. Design of S-hook 

The s-hook is connected between beam and hitch. It need high stress materials because 

of its high tensile and compressive forces over small areas. In this study the s-hook is 

made of Grey cast iron because of the properties of cast iron which make it a valuable 

material for engineering purposes are its low cost, good casting characteristics, high 

compressive strength, wear resistance and excellent machinability. The best martial of 

S - hook is Grey cast iron. According to Indian standard specifications (IS: 210 – 1993), 

FG 400 is the best material because it is high strength compared to Grey cast iron that 

is tensile strength 400 MPa.  

3.3.4.1. Force and stress analysis  

Based on the stress analysis S-hook is rectangular X-X section. This study employed 

curved beam that uses the neutral axis of the cross-section by shifting towards the centre 

of curvature of the beam causing a non-linear (hyperbolic) distribution of stress. It may 

be noted that the neutral axis lies between the centroid axis and the centre of curvature 

and always occurs within the curved beams.  

According to the results of the beam force analysis, the Fb is 1035.27N which helps to 

find the inner and outer stresses. 
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Figure 3-21 Free bogy diagram of hook  

We know that radius of curvature of the neutral axis, 

R =  
h

ln
Ro

Ri

  ……………………………………………………...……....……3.13 

Where  

R = Radius of curvature of the centroid axis 

Rn = Radius of curvature of the neutral axis 

Ri = Radius of curvature of the inside fibre = 0.030m 

Ro = Radius of curvature of the outside fibre =0.05m 

h = 0.02m 

Rn =  
0.02

ln
0.05

0.03

 = 0.03915m 

R = Ri +  
h

2
 ………………………………………….………......…………3.14 

 R = 0.03m +
0.02

2
 = 0.04m 

∴ Distance between the centroid axis and neutral axis, 

e = R – Rn = 0.04 -0.03915 = 0.00085m 

Distance between the load and the centroid axis 

x = R =0.04m 

∴ Bending moment about the centroid axis, 

Mb = Fb*x = 1035.27N*0.04m = 41.5Nm 

Stress at section x-x 

σt = Fb/A 

Area= A = 0.02m*0.004m  



Design and Fabrication of Animal Drawn Multiple Mouldboard Plough 2017/18 Design and Fabrication of Animal Drawn Multiple Mouldboard Plough  

 

40 
 

A = 8*10-5 

σt = 1035.27/8*10-5 =12940875 N/m2  = 12.9409N/mm2 

σt = 12.9409N/mm2 = 12.9409MPa 

We know that the distance from the neutral axis to the inside fibre, 

yi = Rn – Ri = 0.03915m -0.030m = 0.00915m and distance from the neutral 

axis to outside fibre, 

yo = Ro – Rn = 0.05-0.03915m = 0.01085m 

∴ Maximum bending stress at the inside fibre, 

σbi = 
M∗yi

A∗e∗RI
 =  

41.5Nm∗0.00915m

0.00008∗0.00085∗0.03
   

σbi = 186.139N/mm2 (tensile) 

σbo = 
M∗yo

A∗e∗Ro
 =  

41.5Nm∗0.01085m

0.00008∗0.00085∗0.05
  

σbo = 13.244N/mm2 (compressive) 

∴Resultant stress at the inside fibre 

σbi + σt = 186.139N/mm2 + 12.9409N/mm2  

σbi + σt = 199.08N/mm2(tensile) 

And resultant stress at the outside fibre 

σt - σbo=12.9409N/mm2 – 13.2433823N/mm2  

σt - σbo = -0.303 N/mm2 (compressive) 

Compressive stress is less than tensile stress because of s- hook is tensions in the both 

direction of connecting frame and beam. 

3.3.4.2. Mass of S- Hook  

Radius of hook = 0.006m 

Length of S-hook = (2r – 
1

2
r)*2 = 0.0565m 

Volume of S-hook = 𝜋𝑟2𝑙 = 𝜋0.0062 ∗0.0565m = 6.4*10-6m3 

Mass of S-hook = Density of steel *volume of S-hook  

M (hook) = 0.0502kg 

Hence the calculated stress on the S–hook which is 199.08MPa was less than the 

maximum allowable stress of the steel used in the construction of the S–hook, 400MPa, 

hence the S–hook is safe for operation.  
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Three-dimensional sketch of the S-hook 

 

Figure 3-22 Three-dimensional sketch of the S hook: (1) beam attachment; (2) frame 

attachment; 

3.3.5. Design of frame  

Frame is connected between wheel, hitch, handling and plough body. The frame is 

made of steel (Fe290) in Indian standard designation of steel according to IS: 1570 (Part 

I)-1978 (Reaffirmed 1993). It pair of tubes which have 850mm and 650mm lengths, 

has a 3mm wall thickness, and a 60mm by 60mm rectangular cross section. We can see 

the material property of steel in Appendix Table B: 4. 

3.3.5.1. Force analysis of frame  

In order to calculate the force of frame, it necessary to use beam, yoke and hitch forces 

that are calculated above as indicated in figure 3-23. 

 

Figure 3-23  force analysis free body diagram of frame  
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The horizontal and vertical components of reaction force and moment on the frame and 

handling caused by the bolt at A, B, C and D was determined at equilibrium position as 

shown in figure 3-23.  

∑ 𝑓𝑦 =  -2Fh + 𝐹𝑏𝑠𝑖𝑛𝛽1= 0 ...………...….…………...…....……..………..3.15 

From the above calculation Fb and  𝛽1 are known then it is possible to calculate Fh 

Fh = 
𝐹𝑏𝑠𝑖𝑛𝛽1

2
 = 

1035.27𝑠𝑖𝑛15

2
  

 Fh = 500N 

Then based on the above calculated result, F0 can be calculated at moment O using  

∑ 𝑀𝑜 = -Fo*0.72 +2Fh*0.14 = 0..………………………............................3.16 

Fo = 
2𝐹ℎ∗0.14

0.72
 = 

2∗500∗0.14

0.72
 

Fo = 194.5N 

3.3.5.2. Normal stress 

σt = Fh/A  

A = 4*t *b = 4*0.04m*0.06m = 1.6*10-4m2 

σt = 500N/ 1.6*10-4m2 

σt = 3125000N/m2 = 3.125MPa 

3.3.5.3. Mass of frame  

Length of frame L1= 0.85m 

Width w = 0.06m 

Thickness t =0.003m 

Volume of frame = 4(l*w*h) = 4(0.85*0.06*0.002) = 4.08*10-4m3 

Mass of frame one = Volume of frame1 * density of steel = 4.08*10-4m3*7850 

M of frame tube one = 3.202kg  

Length of frame L2 = 0.65m 

Width w = 0.06m 

Thickness t =0.003m 
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Volume of frame = 4(l*w*h) = 4(0.65*0.06*0.002) = 3.12*10-4m3 

Mass of frame 2 = Volume of frame 2* density of steel = 3.12*10-4m3*7850 

M frame tube 2 = 2.449kg 

Total mass of frame = 5.6512kg 

The calculated value of operator is 194.5N, which is by far below the gross force 

consumption of ploughing activity with draft animals that requires 350-550N as 

indicated in the appendix C: 2. Thus it is safe to operate the newly designed machine. 

Moreover, the normal stress which is 3.125MPa is less than the yield stress 170MPa so 

it is also safe to operate the machine. 

Three-dimensional sketch of the frame 

 

Figure 3-24 Three-dimensional sketch of the frame: (1) hitch connecter hollow; 

(2)wheel connecter hollow; (3) plough connecter hollow; and (4)handle attachment 

sheet metal; 

3.3.6. Design of plough body  

The plough body contains the share, mouldboard and frog as important components. 

3.3.6.1. Design of frog 

Frog is the part of the plough bottom to which the share, mould board and land side are 

attached rigidly. It is an irregular piece of metal casting and heart of the plough bottom. 
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The frog carries all three body parts, i.e. the share and mouldboard. The frog is welded 

to the mouldboard and used to adjusting the depth of cut soil.  

It may be made of either cast iron or steel. But steel is best martial due to its cost and 

ease of manufacture.  The mechanical property of steel is indicated in Appendix Table 

B: 4. the frog is made of rectangular tubular steel 325mm length, has a 3mm wall 

thickness, and 30mm square cross section.to the plough side and 325mm length, and 

has a 3mm wall thickness and 40mm square cross section in the frame side. 

3.3.6.1.1. Stress analysis of frog  

Frog is connected to mouldboard depth adjusting by bolt and it is developed shear 

stress. We can the shear stress by given above force result.  

Weight of frog is the summation of frog, ploughshare and mouldboard. 

Wf = 9.81*(1.1+17+ 2.2) = 50N  

 = 
wf

2𝐴
 ……………...………………....……………………….……………3.17 

We can calculate the area of bolt d is 0.01mm 

A =  
𝑑2

4
   

A = 7.86*10-5m2 

 = 50/ (2*7.86*10-5m2) 

 = 0.3184MPa 

3.3.6.1.2. Bearing stress 

σb= 
Wf

2𝑡
  ………………….…………………….……………………………3.18 

Where  

 σb = bearing stress 

t = thickness of sheet metal = 0.002m  

d = diameter of bolt = 0.01m 

σb = 
50

2∗0.002∗0.01
   

σb = 1.25MPa 

 



Design and Fabrication of Animal Drawn Multiple Mouldboard Plough 2017/18 Design and Fabrication of Animal Drawn Multiple Mouldboard Plough  

 

45 
 

3.3.6.1.3. Mass of frog  

Length 0 .325m, thickness 0.003m and height 0.04m we can calculate the 

volume of frog  

Volume frog1 = L*h*t = 0.325*0.04*.003 = 4*3.9*10-5m3  

= 1.56*10-4m3 

Volume frog2 = L*h*t = 0.325*0.03*.003 = 4*2.925*10-5m3  

= 1.17*10-4m3 

M (frog) =2(Density of steel* Volume frog) 

Density of steel = 7850kg/m3 

M1 (frog) = 2(7850*1.56*10-4m3) = 1.2246kg 

M2 (frog) = 2(7850*1.17*10-4m3) = 1.0238kg 

Total mas of frog = 2.2483kg  

Hence the calculated stress on the frog which is 1.25MPa was less than the maximum 

allowable stress of the steel used in the construction of the frog 200MPa, hence the frog 

is safe for operation.  

Three-dimensional sketch of the frog 

 

Figure 3-25 Three-dimensional sketch of the frog: (1) depth adjustment bolt; (2) 

frame support; (3) plough connecter hollow; 

3.3.6.2. Design of ploughshare 

The share is attached to the frog by welding. It cuts a slice of soil horizontally and starts 

lifting it to the mouldboard. In ploughshare difference forces and stresses are developed 
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then it need to have hard materials, high strength, and corrosion and wear resistant 

materials. Therefore, cast iron is the best material.  The properties of cast iron which 

make it a valuable material for engineering purposes because of its low cost, good 

casting characteristics, high compressive strength, wear resistance and excellent 

machinability.  

Following are the values of ultimate strength of cast iron: 

Tensile strength = 200 MPa 

Compressive strength = 400MPa 

Shear strength = 120 MPa 

3.3.6.2.1. Force and stress analysis of ploughshare  

  

Figure 3-26 Free body diagram of ploughshare 

Where,  

V gravitational force of the implement (excluding weight of the yoke and about 1/3 of 

the beam), N 

H normal interfacial force of the ploughshare, N 

F3 tangential interfacial force of the ploughshare, N 

From the above free body diagram we can calculate H (normal interfacial force of the 

ploughshare) 

The mass of implement is 34 kg then gravitational force of the implement is 333N 
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∑ 𝑓𝑦 = 0  ……………………………………………………………..…...3.19 

2𝐹𝑠𝑖𝑛𝛼 − F0 −𝐻𝑠𝑖𝑛(90 − 𝜃1) + F3𝑠𝑖𝑛𝜃1 –V = 0 

𝐻𝑠𝑖𝑛(90 − 𝜃1) = 𝐻 cos 𝜃1 

𝐻 =
2𝐹𝑠𝑖𝑛𝛼− F0+ F3𝑠𝑖𝑛𝜃1 −V

cos 𝜃1
  …………………………….……….………….3.20 

∑ 𝑓𝑥 = 0 …………………………………………………………………..3.21 

 2𝐹 cos 𝛼 − F3cos 𝜃1 −𝐻 cos(90 − 𝜃1) = 0 

𝐻 =
2𝐹 cos 𝛼− F3 cos 𝜃1

𝑠𝑖𝑛𝜃1
…………………….……...……………….…………3.22 

F3 can be calculated as  

2𝐹𝑠𝑖𝑛𝛼− F0+ F3𝑠𝑖𝑛𝜃1 −V

cos 𝜃1
  = 

2𝐹 cos 𝛼− F3 cos 𝜃1

𝑠𝑖𝑛𝜃1
 

F3 = 
2𝐹(cos 𝛼 cos 𝜃1−𝑠𝑖𝑛𝛼𝑠𝑖𝑛𝜃1)+V𝑠𝑖𝑛𝜃1+F0𝑠𝑖𝑛𝜃1

𝑐𝑜𝑠2𝜃1 + 𝑠𝑖𝑛2𝜃1
 ……...……………...…….….3.23 

𝑐𝑜𝑠2𝜃1 +  𝑠𝑖𝑛2𝜃1=1 (Trigonometric identity) 

F3 = 1035.27(cos 15 cos 20 − 𝑠𝑖𝑛15𝑠𝑖𝑛20) + 333𝑠𝑖𝑛20 + 194.5𝑠𝑖𝑛20 

F3 = 848.04N + 51.3N + 113.9N = 1013.23N  

F3 = 1013.23N  

Normal interfacial force of the ploughshare can be calculated as  

H =
2F cos α −  F3 cos θ1

sinθ1
 

H =
2 ∗ 517.63 cos 15 − 1013.23 cos 20

sin20
 

H = 139.9N 

It can find compressive stress  

Area of penetration of ploughshare at the end of share 4mm*2mm  

A = 8*10-6m2 

Force of penetration (F3) 1013.23N 

σ = F3/A = 126.65MPa 
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3.3.6.2.2. Mass of ploughshare 

Length 0 .22m, thickness 0.005m and height 0.08m we can calculate the volume of frog  

Volume share = rectangular volume + triangular volume = 0.08*0.22*0.005 + 

(0.08*0.08)/2*0.005 = 1.4*10-4m3 

M (p) = Density of steel* Volume ploughshare  

Density of cast iron = 7250kg/m3 

M (ploughshare) = 2(7250kg/m3*1.4*10-4m3)  

M (ploughshare) =2.03kg 

M (ploughshare) = 2.03kg 

Hence the calculated stress on the ploughshare which is 125.7MPa was less than the 

maximum allowable stress of the cast iron used in the construction of the ploughshare, 

200MPa, hence the ploughshare is safe for operation.  

Three--dimensional sketch of the ploughshare 

 

Figure 3-27 Three-dimensional sketch of share: (1) share; (2) mouldboard and share 

attachment hole; 

3.3.6.3. Design of mouldboard  

The Mouldboard is the part of the plough, which receives the furrow slice from the 

share, it lifted, turns and breaks the furrow slice. Different soil conditions require 

mouldboard of varying shapes and sizes to carry out a good job of ploughing. The 

mouldboard is bolted to the ploughshare by two bolts.  
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Similar to ploughshare, mouldboard develops different stresses and forces. Therefore, 

cast iron is the best material of mouldboard.  Mechanical property of cast iron is shown 

in Appendix Table B: 5. The shape of the mouldboard plough depends on the soil type 

and the speed of operation. The properties of Material and Soil are taken Appendix 

Table B: 2. 

3.3.6.3.1. Force and stress analysis of mouldboard for soil parameters 

Adhesion  

When two rigid bodies of different material are in mutual contact, some force is 

required to pull them apart. This force results from attraction between the two different 

materials and is known as adhesion. In soils, adhesive forces are exclusively due to the 

moisture content. Moisture tension and surface tension of the soil solution appear to 

explain the behaviour of adhesive forces. Adhesion is a dynamic property of the soil 

that has been theoretically determined in terms of basic equations. Stafford and Tanner 

(1983) hypothesised that soil-metal sliding resistance consisted of both frictional and 

adhesive components.  

They formulated the following equation: 

S = Ca + σtanθ1 ……………………………………………………………3.24 

Where, S = interface tangential sliding stress, 

Ca= interface tangential adhesive stress, 

σ = interface normal stress, 

θ = angle of soil-metal friction 

Shear 

Shear is a form of failure or yield condition. Review on shear by Jaeger, J.C. (1956), 

attributed the first theory to predict Shear failure to Coulomb. He proposed that failure 

occurs when maximum shear stress reaches some critical value. 

It is represented in the following equation: 

 = C + σtanθ1 ……………………………………………………………..3.25 

 Where  

 C = cohesion, 

θ1= angle of internal friction, 

σ = normal stress, 

 = shear stress. 
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Bulk Density 

The bulk density of the soil is the (oven dry) weight of a given volume of soil divided 

by the volume of the soil. Soil bulk density values range from 0.5 to 3.0 but most values 

are between 0.8 and 1.8.  The bulk density are types of minerals present (some are 

heavier than others), the texture (clays are lighter than silts and sands) and the amount 

of organic matter (organic matter has a really low bulk density compared to mineral 

grains). These relationship was used in determining the bulk density as given by Blake 

and Hartge (1986): 

According to Herman et al. (2013), at 15% water content the cohesion and adhesion stress 

is 75KPa and 8KPa, respectively. Therefore, based on this information and  and the initial 

assumption of this research working at water content of the soil 0-15%, the shear stress, 

interface tangential sliding stress and maximum shear force were calculated as  

S = Ca + σtanθ1 

S = Ca + σtanθ1 = 8000Pa + 123.74*106Pa tan20  

S = 45.047MPa 

 = C + σtanθ1 

 = 75000PA + 123.74*106tan20 = 45.11MPa 

Hmax = CA + W tan θ1 

Hmax = 75*8*10-6+ 989.97tan 20 = 363.919N 

 

Figure 3-28 Variation of soil cohesion and adhesion as a function of water content 

and dry bulk density. 

Source: Simulation of Soil and Tillage-tool Interaction by the Discrete Element 

Method (Herman et al., 2013.)  
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3.3.6.3.2. Mass of mouldboard   

The shape of mouldboard is helical then we can calculate the volume of mouldboard 

Volume of mouldboard plough = h*w*t 

Where  

t = thickness = 0.005m 

h = height = 0.35m 

w = width = 0.28m 

V (mouldboard) = 0.35*0.28*0.004= 3.92*10-4 m3 

Mass of mouldboard = density of cast iron * volume of mouldboard 

Mass of mouldboard = 7250kg/m3*3.92*10-4 m3 

Total Mass of mouldboard = 2*7250kg/m3*3.92*10-4 m3 = 5.684kg 

Hence the calculated stress on the mouldboard which is 45.11MPa was less than the 

maximum stress of the cast iron used in the construction of the mouldboard, 200MPa, 

hence the mouldboard is safe for operation.  

Three-dimensional sketch of mouldboard 

 

Figure 3-29 Three-dimensional sketch of mouldboard: (1) mouldboard; (2) share 

attachment whole (3) share; 

3.3.7. Design of handling  

Handling is used to operate and control depth and reduce draught requirement. It is 

made of circular tube steel.  



Design and Fabrication of Animal Drawn Multiple Mouldboard Plough 2017/18 Design and Fabrication of Animal Drawn Multiple Mouldboard Plough  

 

52 
 

3.3.7.1. Force analysis of handling 

 

Figure 3-30 Free body diagram of handling 

Summation of force in the y direction    

∑ 𝑓𝑦 = F0 - E +W = 0……….…………………………………………….3.27 

E = 194.5N +133N 

E = 327.5N 

Moment at o 

RR = 
 F0 ∗L+W∗ x1 

rR
 ………….……………………………………………….3.28 

W is weight of implement for single wheel = 
Wt

2
 = 265/2 =133N 

X1 = 0.15m 

h = 0.86m 

rR =0.2m 

RR =
194.5 ∗0.72 +133∗ 0.15 

0.2
  

RR= 799.95N 

3.3.7.2. Stress analysis  

In the part the stress is developed under operator hand then we can calculate the stress 

in operator hand.  

Length of handling = 02m  

Width of handling = 0.04m 

Area = 0.008m2 
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 Stress = 194.5N/0.008m2 = 0.0243MPa 

The animal draft force 1000N is greater than rolling resistance force of the wheels 

799.95 N thus it is possible to operate the implement easily.  

3.3.7.3. Mass of handling  

In order to calculate the mass it is important to calculate the volume and density of 

handling using the formula given below 

  V = L*2(r1
2-r0

2) = 0.9*2 (0.0042 - 0.0022)  

  V = 6.78858x10-6 m3 

  Density of steel = 7850 kg/m3 

  Mass of handling = 2*volume*density 

  M = 1.0653 kg 

Three-dimensional sketch of handling 

 

Figure 3-31 Three-dimensional sketch of handling  

3.3.8. Design of wheel 

A wheel is a device that allows heavy objects to be moved easily through rotating on 

an axle through its centre, facilitating movement or transportation while supporting a 

load (mass), or performing labour in machine. There are many different types’ wheels 

that are wooden, steel and tyre wheel.   

3.3.8.1. Force analysis of wheel  

The friction developing between the wheel and soil, thrust (TW), determines the 

magnitude of the torque (Q).  

Materials selection and their properties are of great significance for design of a wheel 

and the rim of wheel was made from mild steel flat iron 4 mm thick and 50 mm wide. 

Each wheel had four spokes made from mild steel rods with diameter of 12 mm and 
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length of 120mm mm, and were welded to the rim and hub at the centre of the wheel 

that served as bushing or shaft bearing, at equal interval. 

Where  

E = soil bearing capacity 

P = pull 

W = wheel load 

Q = torque 

RR = rolling resistance 

 = shear strength 

rR = rolling radius 

Figure 3-32 Free body diagram of forces acting on wheel 

According to Kalay Khan et al., (2015) the torque of wheel can be calculated the 

following formula  

Q =𝐾𝑤×𝑊𝑡×𝑅𝑤  

Where  

Kw is the coefficient of rolling resistance (0.3 for the metallic wheel)  

Wt is the active weight of the machine and rR is the radius of ground wheel  

Q =𝐾𝑤×𝑊𝑡× rR = 0.3*0.2*166 = 10.006Nm 

Q = 10.006Nm 

 Power, P = Q*  =  
𝑄 × 2 π 𝑁 

60
 watts 

The speed of implement is 0.63m/s 

P = Q*  =  
Q × 2 π N 

60
 = 

7.98∗2∗0.63∗ π 

60
 = 0.52W 

P = 0.52W 

The above result shown that animals can move these implement easily because animals 

have greater capacity of power. 

3.3.8.2. Ground pressure 

p = 
𝑤

𝐴
  

Where 

 P- Is wheel contact pressure, in MPa,  

W is Load N (166.7N one wheel) and  
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A- Contact area, m2 

The ground wheel having 0.4m diameter and 0.05m width is calculate as follows: 

According to Saarilahti, (December 2002) the contact area of wheel length is one 

fourth of circumference ground wheel. 

But the wheel is 0.012m diameter by 0.05m length steel bar lugs in one wheel total of 

16 steel bar then the contact area of wheel is depending by these steel bar.  

The wheel is contact at 4 steel bar area 

A = 4*0.05*0.012 = 0.00288m2 

p = 
133

0.0028
  = 5541N/m2 =0.05541MPa 

3.3.8.3. Mass of wheel 

Mass of outer sheet metal    

Where  

Diameter of wheel = d = 0.4m  

 Thickness of wheel = t = 0.004m 

Width of wheel = w = 0.05m 

Volume of wheel (Vwout) = 𝜋d𝑤𝑡  

Volume of wheel (Vwout) = 𝜋 ∗ 0.4 ∗ 0.05 ∗ 0.004  

Vwout = 2.513*10-4 m3 

Mass = density * volume = 2*10-3 m3 *7850kg/m3 = 1.97kg  

But the number of wheel is two then the total mass of outer wheel is; 

Mass of wheel = 2* 1.71kg  

Mass of wheel = 3.9422 kg  

Mass of inner sheet metal  

d = 0.08m 

t = 0.004m 

w = 0.05m 

Volume of wheel (Vwin) = 𝜋d𝑤𝑡  

Vwin = 𝜋 ∗ 0.08 ∗ 0.05 ∗ 0.004 = 5.026*10-5m3 

Mass = density * volume =5.026*10-5m3*7850kg/m3 = 0.3944kg  

Total mass of wheel inner surface is 2*0.3944kg = 0.7891kg 
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Mass of reinforcing steel bar  

d = 0.016m 

𝑙 = 0.12m 

Volume of wheel (Vwbar) = 𝜋𝑟2𝑙 =0.0062*0.12* 𝜋   

Volume of wheel (Vwbar) = 1.357*10-5m3 

The reinforcing steel bar made from steel and the density of steel is 7850kg/m3 

Mass = density * volume = 1.357*10-5m3*7850kg/m3 = 0.10653kg but there are four 

bar in two wheel then the total mass of bar in  

One wheel = 4*0.2587kg *2 = 0.852kg  

The total mass of wheels are the summation of mass of wheel outer sheet, mass of wheel 

inner sheet metal , and mass of reinforcing steel bar i.e.  

Mt = 3.942kg + 0.789kg + 0.852kg   

 Mt = 5.583kg 

Three-dimensional sketch of the wheel 

 

Figure 3-33 Three-dimensional sketch of the wheel: (1) outer sheet metal; (2) luge of 

wheel; (3) reinforcing steel bar; (4) Bearing; and (5) inner sheet metal 

3.3.9. Welding design  

Connections between machine parts are using weld and bolts. A welded joint is a 

permanent joint which is obtained by the fusion of the edges of the two parts to be 

joined together.  The heat required for fusion of the material to be obtained by an 

electric in case of electric arc welding. 
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3.3.9.1. Fillet weld joint design 

Fillet welds are widely used because of it is low cost, ease of fabrication and 

adaptability. They require less precision in the fitting up because the plates being joined 

can be moved about more than the butt welds. Another advantage of fillet welds is that 

special preparation of edges, as required by butt welds, is not required. In a fillet weld 

the stress condition in the weld is quite different from that of the connected parts 

(Kumar, 2003). 

Table 3:8. Recommended minimum size of welds 

Thickness of plate (mm) 3-5 6-8 10- 16 18-24 26-55 Over 58 

Minimum size of weld (mm) 3 5 6 10 14 20 

3.3.9.2. Strength of parallel fillet welded joints 

The parallel fillet welded joints are designed for shear strength. If τ is the allowable 

shear stress for the weld metal, then the shear strength of the joint for single parallel 

fillet weld can be calculated using equation 3.28 and 4.30 (Gupta, 2005). 

Minimum area of weld 

A = 0.707s*l ………………………………………...……..………………………3.28 

Shear strength of the joint for double parallel fillet weld 

P = 1.414*s*l* ………………………….......…………………...………………..3.29 

Combination of transverse and parallel fillet weld 

P = 0.707*s × l1 × t + 1.414 s × l2 × τ ………………...………………………….3.30 

 

a)                                                                                       b) 

Figure 3-34 Double parallel fillet weld (a) and Combination of transverse and parallel 

fillet weld (b) 
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Welding design hitch  

Hitch is connecting to frame by double parallel fillet weld.  From design frame the static 

load is 500N, the width of length is 60mm and size of welding taken from table 3:8 that 

is 3mm then we can calculate shear stress. 

P = 1.414*s*l*  

500N = 1.414*3*60* 

 = 1.96MPa 

Shear strength of fillet weld 1.96MPa is less than strength of base metal steel used in 

the construction of the frog 170MPa therefore share strength of weld metal is safe from 

shear frailer. 

Welding design frog  

It is double parallel fillet weld  

From design frog the static load is 166.7N, length of frog 40mm and size of welding 

taken from table 4:3 that is 3mm then we can calculate shear stress  

P = 1.414*s*l*  

166.7N = 1.414*3*40* 

 = 0.98MPa 

Shear strength of fillet weld 0.98MPa is less than strength of base metal steel used in 

the construction of the frog 200MPa therefore share strength of weld metal is safe from 

shear frailer. 

Welding design wheel 

Wheel is connecting to lug by double parallel fillet weld  

 From design wheel the static load is 166.7N, the width of wheel is 50mm and size of 

welding taken from table 3:6 that is 3mm then we can calculate shear stress  

 P = 1.414*s*l*  

166.7N = 1.414*3*50* 

 = 0.79MPa 

Shear strength of fillet weld 0.79MPa is less than strength of base metal steel used in 

the construction of the frog 200MPa therefore share strength of weld metal is safe from 

shear frailer. 
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3.3.10. Bolt Selection  

The bolt joints are widely used where the machine parts are required to be readily 

connected or disconnected without damage to the machine or the fastening. This may 

be for the purpose of holding or adjustment in assembly or service inspection, repair, 

or replacement or it may be for the manufacturing or assembly reasons. 

When a nut is tightened over a screw following stresses are induced:  

Tensile stress 

The initial tension in the bolt may be estimated by an empirical relation P = 284 d KN, 

where the nominal bolt diameter d is given in mm 

Table 3:9. Design dimensions of screw threads, bolts and nuts according to IS: 4218 

(Part III) 1976 (Reaffirmed 1996) 

Designation Pitch 

(mm) 

        Miner diameter Stress area 

(mm2) 

Bolt (mm) Nut (mm)  

M2 0.40  1.509  1.567  2.07  

M5 0.8  4.019  4.134  14.2  

M10 1.25  8.466  8.647  61.6  

M16 1.5  14.160 14.376 167  

M20 1.5  18.160 18.376 272  

M24 2  21.546 21.835 384  

From the above table these implement used M10 bolt and net so we can calculate load 

of bolt  

P=284 d KN ……………………………………………………………………..3.31 

Where  

P= Initial tension load 

d= Miner diameter 

P = 284*8.466 = 2.4KN 

Stress produced in the bolt = 
284𝑑𝐾𝑁

𝐴
  = 

284𝑑𝐾𝑁
 

4
d2

 

 = 42.8MPa 
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3.3.11. Total Mass of Implement 

Table 3:10. Total mass of implement 

3.4. Manufacturing Processes 

The building of prototypes is an important facet of the product design and development 

process. Prototyping can reduce design risk without committing to the time and cost of 

full production.  

Using the mathematical design output, the prototype of implement is built in Bahir Dar 

University using locally available Martials sheet metal and wood from overall of 

dimension design. Fabrication of each component of the prototype of implement using 

different machines such as cutting, drilling, bending, welding and grinding.  

3.4.1. Manufacturing process wheels 

The wheel is fabricated from the plate having 5 mm thickness, 50 mm width and 

1256mm length cut using cutting machine. There are two wheels using theses machine. 

After gets two individual dimension from the plate rolling operation was takes place on 

No Part name Total weight (Kg) 

1 Yoke  5.719 

2 Beam   2.775 

3 Hitch  2.512 

4 S Hook    0.0502 

5 Frame   5.6512 

6 Frog  2.2483 

7 Ploughshare   2.03 

8 Mouldboard  5.67 

9 Handling  1.06 

10 Bearing  0.5 

11 Wheel   5.583 

Total mass 33.8 
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it using rolling machine. Each wheel had four steel bar made from mild steel rods with 

diameter of 12mm and length of 175 mm, and were welded to the rim and hub is made 

from hollow pipe having 50 mm external diameter and 40mm inner diameter with 50 

mm length at the centre of the wheel and also using ball bearing in the centre of wheels 

to serve as support motion of shaft. There are sixteen steel bar lugs in each wheel to 

reduced slide of the soli and  finally grinding is take place for finishing and in order to 

remove edging from the ground wheel 

3.4.2. Manufacturing process of beam 

Table 3:11. Fabrication process of beam 

No Raw material  Manufacturing 

process 

Finishing Final part 

1 1 pieces of wood  

 

Cutting, drilling and 

grinding  

 

Grinding  

 

 

 

2  Bolted and welding  

 

Finishing  

 

Table 3:12. Fabrication process of beam connection 

No Raw material Manufacturing 

process 

Finishing Final part 

1 2 pieces 

 
 

Bending, Cutting and 

drilling 

 

Grinding 
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2 1 pieces 

 

Cutting and drilling 

 

Grinding 

 

3  Bolted and welding  

 

Finishing  

 

3.4.3. Manufacturing process frame 

Table 3:13. Fabrication process of frame 

No Raw material Manufacturing 

process 

Finishing Final part 

1 2 pieces 

 

Cutting and drilling 

 

Grinding 

 

 

 

2 1 pieces 

 

Cutting and drilling 

 

Grinding 

 

3  Bolted  

 

Finishing  

 

3.4.4. Manufacturing process hitch 

Table 3:14. Fabrication process of hitch 

No Raw material Manufacturing 

process 

Finishing Final part 
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1 4 pieces 

 

Cutting and drilling 

 

Grinding 

 

 

 

2 1 pieces 

 

Cutting and drilling 

 

Grinding  

 

3  Drilling, cutting and 

welding   

 

Finishing   

 

3.4.5. Manufacturing process Handle 

Table 3:15. Fabrication process of handle 

No Raw material Manufacturing 

process 

Finishing Final part 

1 2 pieces 

 
 

Cutting and bending  

 

Grinding 

 

 

 
2 1 pieces 

 

Cutting  

 

Grinding  

 

3  welding   

 

Finishing   
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3.4.6. Manufacturing process plough body  

Table 3:16. Fabrication process of frame 

No Raw material Manufacturing 

process 

Finishing Final part 

 
Mouldboard 

1 2 pieces 

 

Cutting, heating, 

hammering and 

drilling 

 

Grinding 

 

 

 

 Ploughshare 

2 2 pieces 

 

Cutting and drilling 

 

Grinding  

 

 Landside 

3 2 pieces  

 

Drilling and welding   

 

Finishing   

 
 

Frog 

 2 pieces  

 

Cutting and drilling  

 

Grinding 
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 2 pieces  

 

Cutting and drilling  

 

Grinding 

 

 

 2 pieces  

 

Cutting and drilling  

 

Grinding 

 

 

  Cutting, drilling and 

welding   

 

Finishing 

 

  Cutting,  drilling, 

bolting  and welding  

 

Finishing 

 

3.5. Testing of the Prototype 

Finally, after production of the prototype testing is very essential because, any machine 

which is designed and manufacture must be tested before going out for real task. 

Therefore, this machine is tested and recorded its depth, width and drafting capacity of 

animals. Using different instrument like pocket balance, ruler and stop witch. 

3.6. Cost Analysis  

The cost involved to design the implement had been evaluated in terms of raw materials 

and production (machine and labour) costs only. Materials, wastage and overhead costs 

are estimated from raw material and production cost. As shown in Table 3.17 the cost 

of implement and the detail procedure is given in Appendix C Table D: 1- D: 3. 
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Table 3:17. Summarized cost of the implement 

NO. Variable Cost (ETB) 

1 Raw materials 2030.00 

2 Materials Wastage 50.75 

3 Production 1300.00 

4 Overhead 65.00 

5 Profit 344.575 

6 Sell tax 568.548 

Total cost                                                                                       4358.873 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

The animal drawn multiple mouldboard plough was designed and prototyped at BiT. 

The design is analysed by considering the shape and size of mouldboard plough. 

Besides, in depth analysis of the working principles of traditional Ard plough as well 

as the physical and mechanical properties of the soil were considered to test the 

prototype.  

4.1. Evaluation of Selection Scheme 

Two types of selection schemes (11 and 5-point scales) were compared in this research. 

Based on its overall performance and smart solutions, 11- point scale was chosen as 

shown in table 3:2. 

4.2. Evaluation of Six Design Parameters Using Pairwise Ranking Methods 

In order to select the best structural design out of the eight alternatives, six important 

parameters were considered designated A-F in alphabetic order (A=weight of 

implement, B=drafting power, C=easier operator, D= cutting depth, E=control the 

implement and F= transportation ). As indicated in Table 5.1 pairwise ranking method 

was employed to prioritize the six parameters. Based on the result, drafting power 

selected 5 times with relative weight of (0.33) followed by weight of implement (0.267) 

and central implement (0.2). Whereas easier operation, cutting depth, and maintenance 

cost preferred once (0.0667) as the least ones. 

4.3. Selection of Variant Options Using Direct Matrix Ranking Methods 

Depending up on the position of operator, number of wheels, number of handlings and 

hitch attachments, eight different alternative options were developed as solution 

variants. Then after, the relative weight of each of the six designed parameter of the 

implement which was multiplied by the score of the selected 11- selection scheme to 

get the total score of each of the eight options. The result of direct matrix ranking 

indicated without seat to operator, two wheels, two handles and beam attachment which 

is mentioned in option number 6th is selected. 
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4.4. Summary of Detail Design  

Detail design is the part of a design process which completes the embodiment of 

technical products with final instructions about the shapes, forms, dimensions and 

surface properties of all individual components.  

Assumption for the design analysis conceding  pulling force applied by the draught 

animal, gravitational force (weight of implement), force exerted by the operator, 

gravitational force of the soil, the soil resistance and interface forces between the soil 

and plough. 

The assumptions parameters from reference and field observation taken these 

parameters, rake angle is 200, animal pulling force (f) is 600N, operator force (fo) is 

100-250N, the average working speed of oxen is 0.63 m/s, soil moisture content is 0-

15 %. Depending these assumption parameter design all components and fabricated the 

prototype.  

From the above assumptions it was designed different parts of the implement including 

material selection of parts, force analysis of draft animal and operator as well as stress 

analysis of implement.  

The result shown that material selection of new design was safe operate because of 

calculation result of stress in all components less than selection material of allowable 

stress and also the theoretical result of  animal and humane force is under capacity of 

both animal and humane.  

Table 4:1. Summary of design  

No Part name Material name  Material 

yield stress 

(MPa) 

Theoretical 

result of stress 

(MPa) 

1 Beam Wood 45.5 0.366 

2 Hitch steel 220 6.25 

3 S-hook Grey cast iron 400 199.08 

4 Ploughshare Cast iron 200 126.65 

5 Wheel Steel 220 0.05541 
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4.5.  Testing of the Prototype at Burie and Gozamin Districts  

These newly modified farm implement were tested in Burie and Gozamn districts at 

Nitosols and Vertisols, which gives satisfactory and good results, respectively. The tests 

were done in different soil moister contents as shown in Table 4:2 and 4:3. Based on 

farmers’ practical observation, the implement was simple enough to attach, adjust and 

operate it easily. The study was initiated to investigate the traditional implement and 

identify the weak points while leaving the rest of its parts as they were and trying to 

add whatever was necessary or remove whatever was contributing to the inefficiency 

of the implement. As far as the working principles and weight of newly modified 

prototype is concerned, it resembles to that of traditional implement.  

4.5.1. Measurement of multiple mouldboard plough 

New design was tested in the soil type, moisture content and depth adjustment the result 

was shown in table 5:2 and 5:3 

Table 4:2. Implement tested result of dry Nitosols in different depth adjustment 

Cutting depth adjustment(cm) Cutting width(cm) Draft (kg) 

12 28 70  - 72 

14 28 77 -80 

16 28 88 - 90 

18 28 over draft to animal 

Table 4:3. Implement tested result of some moisture Vertisols in different depth 

adjustment  

Cutting depth adjustment(cm) Cutting width(cm) Draft (kg) 

12 28 68  - 72 

14 28 74 -78 

16 28 88 - 90 

18 28 Near to 100 

From the above table Shown, it is clear that the implement has better cutting depth and 

it need small draft capacity for the case of Nitosols having dry moisture content. On the 

contrary, on the Vertisols small cutting depth and high draft capacity were recorded 

because of the soil retains some amount of moisture.  
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4.5.2. Measurement of traditional ard plough  

In these research traditional Ard plough draft force measuring by pocket balance in 

the two types of soil the following result was record.  

Table 4:4. Traditional Ard plough tested result both Nitosols and Vertisols 

Types of soils  Cutting depth(cm) Cutting width(cm) Draft (kg) 

Nitosols 14 16-18 90-94  

Vertisols 15 18-19 90-92 

4.6. Comparison of traditional ard plough with multiple mouldboard 

plough 

Detailed measurement evaluations and comparisons were done between the ard ploughs 

and newly designed multiple mouldboard plough in the second ploughing time as 

indicated in table 4.5 and 4.6. 

Table 4:5. Comparison of Arda plough and multiple mouldboard plough at Nitrisols 

Types of plough Cutting depth 

(cm) 

Cutting width 

(cm) 

Draft (kg) 

Arda plough 14 17 92 

Multiple mould board 

plough 

14 28 78 

Table 4:6. Comparison of Ard plough and multiple mouldboard plough at Vertisoils 

Types of plough Cutting depth 

(cm) 

Cutting  width 

(cm) 

Draft (kg) 

Arda plough  14 18 91 

Multiple mould board 

plough  

14 28 76 

According to Campbell, 1973 the distance travelled in a given amount multiplied by 

the resistance recorded by the dynamometer and divided by a constant equals the 

tractive horsepower produced. 
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Tractive hp = 
𝑑𝑟𝑎𝑓𝑡 (𝑘𝑔)∗𝑠𝑝𝑒𝑒𝑑 (𝑘𝑚/ℎ𝑟) 

270
 …………...……………………………….....4.1 

From field test measuring draft force in Nitosols by pocket balance in the same depth 

14cm the traditional plough are 92 kg and new design multiple mouldboard plough is 

78 kg these results indicate that the traditional plough is need high draft force compare 

to new design.  Using the equation 4.1 it can calculate the power both traditional and 

new design plough. 

From reference the speed of horse is 0.75m/s or 2.7 km/hr then the field measurement 

of both traditional and new design are 92kg and 78 kg respectively.   

Traditional plough  

Tractive hp = 
𝑑𝑟𝑎𝑓𝑡 (𝑘𝑔)∗𝑠𝑝𝑒𝑒𝑑 (𝑘𝑚/ℎ𝑟) 

270
 = 

92∗2.7 

270
  

Tractive hp = 0.92 

Multiple mouldboard plough  

Tractive hp = 
𝑑𝑟𝑎𝑓𝑡 (𝑘𝑔)∗𝑠𝑝𝑒𝑒𝑑 (𝑘𝑚/ℎ𝑟) 

270
 = 

78∗2.7 

270
  

Tractive hp = 0.78 

In the same way we can find the power of animal in Vertisoils soil 

Table 4:7. Implement tested result of drafting power in Nitosols 

Implement  Draft (kg) Power (w) Mass (kg) 

Multiple mouldboard plough  77-80 0.78 33.8 

Traditional ard plough  90-93 0.92 27.5 

Table 4:8. Implement tested result of drafting power in Vertisoils 

Implement  Draft (kg) Power (w) Mass (kg) 

Multiple mouldboard plough  77-80 0.76 33.8 

Traditional ard plough  90-92 0.91 27.5 

We can calculate the efficiency of power and cutting depth both plough traditional and 

new plough using the following formula shown below. 

Efficiency (%) = 
𝑖𝑛𝑝𝑢𝑡−𝑜𝑢𝑡𝑝𝑢𝑡 

𝑖𝑛𝑝𝑢𝑡 
 * 100% ……………….......…………………………4.2.  
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Nitrisols soil cutting width efficiency (%) =  
28−17 

28 
 * 100% = 39.3% 

Vertisoil soil cutting width efficiency (%) =  
28−18 

28 
 * 100% = 35.3% 

Nitrisols draft power efficiency (%) =  
0.92−0.78 

0.92 
 * 100% = 15.2% 

Vertisoil draft power efficiency (%) =  
0.91−0.76 

0.91 
 * 100% = 16.5% 

When comparing the Arda plough with multiple mouldboard plough at Nitrisols soil, 

the multiple mouldboard plough reduced the plough time by 39.3% in same cutting 

depth. Whereas when comparing Arda plough with that of multiple mouldboard plough 

at Vertisoils soil, the multiple mould board plough reduced the plough time by 35.7% 

and Ard plough was better cutting depth than multiple mould board plough. 

 Multiple mouldboard plough also reduced drafting power 15.2% in Nitrisols and 

16.5% Vertisoils compared to traditional ard plough. 
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Figure 4-1 Implement test read dry soil test in Burie 
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Figure 4-2 Implement test for black soil in Gozamin worda 

 

Figure 4-3 Measuring of drafting force for traditional plough 
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Figure 4-4  Measuring of drafting force for multiple mouldboard plough 
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Figure 4-5 Measuring of cutting depth and width during test 
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CHAPTER FIVE  

CONCLUSIONS AND RECOMMENDATION 

5.1. Conclusions 

The design was made considering six important parameters (weight of implement, 

drafting power, easier of operation, cutting depth, control implement and 

transportation) and its relative weight of importance were prioritized by using pairwise 

ranking method. Moreover, from the eight alternative design options, the optimum 

design (Without seat to operator, two wheels, two handles and beam attachment) was 

selected using direct matrix ranking evaluation.  

Consequently, design and fabrication was tested at Vertisol and Nitosols, which are the 

two most dominant soil types in Gozamin and Burie districts of East and West Gojjam 

Zones of Amhara National Regional State, respectively. The study uses oxen and horses 

as draft animals at Nitrosol and Vertisoils, respectively.  The first prototype was made 

in BiT work shop successfully and tested more than five farmers’ fields. However, 

further improvements were also made in the interim after testing in the field according 

to farmers’ comments and suggestions. 

During the field test the following results is record  

 The newly designed prototype reduces time spent and increasing cutting width 

of ploughing by 39.3% in Nitrosol and 35.7% in Vertisols compare to traditional 

ard plough. 

 The mass of newly designed and Ard plough was 33.8kg and 27.5kg 

respectively, these indicates that the mass of new design was almost near to 

traditional Ard plough. The new design mass was support by wheel it need less 

draft force relative to traditional Ard plough. 

 From test observation using pocket balance, the newly designed implement 

reduced draft force 15.2% in Nitrisols and 16.5% in Vertisoils compared to 

traditional ard plough. 
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5.2. Recommendations 

Based on the findings of this study, the following recommendations are made 

 It is recommended to have an additional test by fabricating the prototype for 

technology dissemination in similar areas of the study. 

 The designed prototype was tested only in Nitrosol and Vertisol types of Soil at 

Burie and Gozamin districts thus further research should be done by modifying 

the design and testing in other locations as well as in different soil types in the 

future to strengthen the research output.  

 It need to further research more than 15 % moisture content of soil in the two 

types of soil    
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APPENDIX 

Appendix – A. Part and Assemble Drawing

 

Figure A-1 Two dimensional of sketch of yoke 
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Figure A-2  Two dimensional of sketch of beam 
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Figure A-3 Two dimensional of sketch of hitch  
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Figure A-4 Two dimensional of sketch of S- hook 
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Figure A-5 Two dimensional of sketch of frog 
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Figure 4-6 Two dimensional of sketch of frame  
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Figure A-7 Two dimensional of sketch of handle 
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Figure A-8 Two dimensional of sketch of mouldboard 
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Figure A-9 Two dimensional of sketch of share  
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Figure A-10  Two dimensional of sketch of wheel 
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Figure A-11 Two dimension sketch of assemble drawing 
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Appendix – B. Mechanical Property of Selection Materials 

Table B: 1. Mechanical property of a wood 

 Cedar (wood) Unit of 

measurement 

Quantity 

1 Tensile strength  longitudinal   MPa 45.5 

2 Tensile strength radial  MPa 2.21 

3  Compressive strength longitudinal  MPa 41.5 

4 Compressive strength radial MPa 6.34 

5 Density of dry wood  kg/m3 313 

6 Modulus of elasticity  MPa 7583.4 

Source: Science and Engineering of Materials Sixth Edition, Donald R. Askeland 

University of Missouri—Rolla, Emeritus 

Table B: 2. Type of Soil and its mechanical properties 

S. 

No. 

Type of Soil Soil Resistance 

(Kg/m2) 

Optimum Moisture Content 

(%) 

1 Sandy Soil 2000 3.5 

3 Silt Loam 3500-5000 5.8 

4 Clay 4000-5600 7.8 

5 Heavy Loam 5000-7000 13.30 

Table B: 3. Mass density of commonly used materials 

Material Mass density (kg/m3) Material Mass density (kg/m3) 

Cast iron  7250 Lead  11 400 

Steel  7850 Zinc  7200 

Wrought iron  7780 Tin  7400 

Brass  8450 Aluminium  2700 

Copper   8900 Nickel  8900 

Cobalt  8850 Monel metal 8600 

Source: R.S. Khurmi and J.K. Gupta (2005). A Textbook of Machine Design 
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Table B: 4. Indian standard designation of steel according to IS: 1570 (Part I)-1978 

(Reaffirmed 1993). 

Indian 

standard 

designation 

Tensile 

Yield stress 

(Minimum) 

N/mm2 

Yield stress 

(Minimum) 

N/mm2 

Minimum 

percentage 

elongation 

Uses as per IS : 1871 

(Part I)–1987 

(Reaffirmed 1993) 

Fe 290 290 170 27 It is used for plain drawn 

or enamelled parts, tubes 

for oil well casing, steam, 

water and air passage, 

cycle, motor cycle and 

automobile tubes, rivet 

bars and wire. 

Fe E 220 290 220 27 

Fe 410 410 250 23 It is used for bridges and 

building construction, 

railway rolling stock, 

screw spikes, oil well 

casing, tube piles, and 

other general engineering 

purposes. 

Fe E 310 410 310 23 

Fe 490 490 290 21 It is used for mines, 

forgings for marine 

engines, sheet piling and 

machine parts. 

Fe E 370 490 370 21 

Fe 490 490 290 21 It is used for mines, 

forgings for marine 

engines, sheet piling and 

machine parts. 

Fe E 370 490 370 21 

Fe 540 540 320 20 It is used for locomotive, 

carriage, wagon and 

tramway axles, arches for 

mines, bolts, seamless and 

welded tubes. 

Fe E 400 540 400 20 
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Table B: 5. Grey iron castings, as per IS: 210 – 1993. 

IS Designation Tensile strength (MPa 

or N/mm2) 

Brinell hardness 

number (B.H.N.) 

FG 150 150 130 to 180 

FG 200 200 160 to 220 

FG 220 220 180 to 220 

FG 260 260 180 to 230 

FG 300 300 180 to 230 

FG 350 350 207 to 241 

FG 400 400 207 to 270 

Source: R.S. Khurmi and J.K. Gupta (2005). A Textbook of Machine Design 

Appendix – C.  Human Force Consumption for Various Farming Activities 

Table C: 1. Human force consumption for various farming activities 

No Activities Gross force consumed (N) 

1 Clearing bush and scrub  400–600 

2 Felling trees 600 

3 Hoeing 300–500 

4 Ridging, deep digging 400–1000 

5 Planting 200–300 

6 Ploughing with animal draft 350–550 

7 Driving single axle tractors 350–650 

8 Driving 4-wheel tractor 150–350 

9 Driving car on farm 150 

Source: Dumin and Passmore, 1967, Energy, work and leisure 
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Appendix – D. Cost Analysis of Multiple Mouldboard Plough 

 Table D: 1. Raw materials cost 

No. Items description Unit Quantity Unit 

Price 

(ETB) 

Total 

price 

(ETB) 

1 Rectangular tubular   bar (Width 

0.06m, Length 6m and Thickness 

0.004m) 

Pieces  0.5 540 270 

2 
Sheet metal (Width 1m, Length 

2m and Thickness  0.004m) 
Pieces 0.3 2800 900 

3 
Sheet metal (Width 0.05m, Length 

6m and Thickness 0.004m) 
Pieces 0.5 450 225 

5 
Reinforcement steel  bar diameter 

12mm 
Pieces 0.5 220 110 

6 Wood Metre 2 100 200 

7 Bearing No 2 50 100 

8 Bolt and Nut M10x50mm 

M8x50mm 

No 

No 

12 

8 

15 

6 

180 

48 

Sub total  2033 
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Table D: 2. Production cost 

No. Types of machine 
Machine 

cost/hr 

Labour 

cost/hr 

Working 

hour 

Cost 

(ETB) 

1 Welding machine 100 20 3 360 

2 Grinding machine 100 20 2 240 

3 Rolling machine  150 50 1 200 

4 Metal cutting 80 50 1 130 

5 Universal drill machine 200 100 1 300 

6 Hand drill machine  50 20 1 70 

Sub total  1300 

Table D: 3. Cost summary 

NO. Variable Cost (ETB) 

1 Raw materials 2030.00 

2 Materials Wastage 50.75 

3 Production 1300.00 

4 Overhead 65.00 

5 Profit 344.575 

6 Sell tax 568.548 

Total cost  4358,873 

 

 

 


