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FOREWORD

The National Curriculum Framework 02005 (NCF 82005) recommends bringing
work and education into the domain of the curricular, infusing it in all areas of

learning while giving it an identity of its own at relevant stages. It explains that

work transforms kno wledge into experience and generates important personal
and social values such as self  -reliance, creativity and cooperation. Through work
one | earns to find oneds place in the society
inherent potential for inclusion. Therefore, an experience of involvement in
productive work in an educational setting will make one appreciate the worth of

social life and what is valued and appreciated society. Work involves interaction
with material or other people (mostly both), thus creating a deeper
comprehension and increased practical knowledge of natural substances and

social relationships.

Through work and education, school knowledge can be easily linked to
l earnersd | ife outside the school . ldghcyasf al s o
bookish learning and bridges the gap between the school, home, community and
the workplace. The NCF 62005 also emphasises on Vocational Education and
Training (VET) for all those children who wish to acquire additional skills and/or
seek livelihoo d through vocational education after either discontinuing or
completing their school education. VET i s exp

A

dignifiedd choice ratheresbandaoper mnnal or 0

As a follow -up of this, NCERT has attempted to in fuse work across the
subject areas and also contributed in the development of the National Skill
Quialification Framework (NSQF) for the country, which was notified on 27
December 2013. It is a quality assurance framework that organises all
gualifications a ccording to levels of knowledge, skills and attitude. These levels,
graded from one to ten, are defined in terms of learning outcomes, which the
learner must possess regardless of whether they are obtained through formal,
non -formal or informal learning.
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The NSQF sets common principles and guidelines for a nationally
recognised qualification system covering Schools, Vocational Education and
Training Institutions, Technical Education Institutions, Colleges and
Universities. It is under this backdrop that Pandit Sunderlal Sharma Central
Institute of Vocational Education (PSSCIVE), Bhopal, a constituent of NCERT
has developed learning outcomes based modular curricula for the vocational
subjects from Classes IX to XIl. This has been developed under the Centrally
Sponsored Sc heme of Vocationalisation of Secondary and Higher Secondary
Education of the Ministry of Human Resource Development. This textbook has
been developed as per the learning outcomes  -based curriculum, keeping in view
the National Occupational Standards (NOS) f or the job role and to promote
experiential learning related to the vocation. This will enable the students to
acquire necessary skills, knowledge and attitude. | acknowledge the contribution
of the development team, reviewers and all the institutions and organisations,
which have supported in the development of this textbook. NCERT would
welcome suggestions from students, teachers and parents, which would help us
to further improve the quality of the material in subsequent editions.

Dinesh Prasad Saklani
Director
New Delhi National Council of Educational
February 2022 Research and Training
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ABOUT THE TEXTBOOK

An Agriculture Machinery Operator is important Job role in agriculture, for
operating agriculture machineries used in  different farming processes such as
tilling, planting seeds, fertilizing plants, spraying and dusting of plants and
harvesting crops and also responsible for carrying out periodical maintenance
procedures for the same and making minor adjustments. Agriculture Machinery
Operator is responsible for driving , minor repair maintenance and servicing of
agriculture farm machinery and other set-ups. The person should be able to
work independently on the assignment, be comfortable in performing laborious

work, be a good listener, go  od at following instructions, a cooperative team player

and result -oriented, with a positive attitude. Agriculture Machinery Operator IS
a beginnerds | evel course. On completion of t
an intermediate level course for a job r ole in the @\griculture Sectord

The textbook for the job role of  @\griculture Machinery Operator  ©has been
developed to impart knowledge and skills through hands -on learning experience,
which forms a part of experimental learning. Experimental learning f ocuses on
the learning process for the individual ; therefore, the learning activities are
student -centred rather than teacher  -centred.

The textbook has been developed with the contribution of the subject
experts, vocational teachers, industry experts and academicians, for making it a
useful and inspiring teaching -learning resource material for the vocational
students. Adequate care has been taken to align the contents of the textbook
with the National Occupational Standards (NOS) for the job role so that t he
students acquire the necessary knowledge and skills as per the performance
criteria mentioned in the respective NOS of the Qualification Pack (QP). The NOS
for the job role of O6Agriculture Machinery Ope€e
are as follows :

1. AGR/N1123: Prepare for training and demonstration.
(v)



2. AGR/N1124: Demonstrate the operation of various farm machineries and
implements.
3. AGR/N1125: Demonstrate and supervise the repair and maintenance of
agricultural machineries and implements.
. AGR/N1107: Prepare power tiller for operation.

. AGR/N1108: Operate a power tiller for various farm operations.

4
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6. AGR/N1110: Carry out various operations using power tiller attachments.
7. AGR/N1103: Prepare combine harvest  er machine for operation.

8. AGR/N1104: Operate the combine harvester machine to harvest grain crop.

9. AGR/N1105: Perform repair and maintenance of combine harvester machine.

10. AGR/N1115: Prepare and operate the reaper.

11. AGR/N1116: Prepare and operat e the power thresher.

12. AGR/N1101: Operate tractor for farm operations.

13. AGR/N1102: Perform regular maintenance and basic repair of tractor.

14. AGR/N9903: Maintain health and safety at the workplace.

Unit 1 of the textbook gives an History of Agricul tural Mechanization in
India . Unit2 Introduction of Tractor . Unit 3 deals withthe  Agriculture Machinery
and its Operation . Unit 4 focuses on the  Operational safety in agriculture
machinery.

This textbook could not have been completed without the support of the
National Skill Development Agency (NSDA), National Skill Development
Corporation (NSDC) and Agriculture Skill Council of India (ASCI)

We extend our gratitude to all the contributors f or selflessly sharing their
precious knowledge, acclaimed expertise and valuable time, and positively

responding to our request for development of the textbook.

Saurabh Prakash
Professor and Head
Department of Engineering and Technology
PSSCIVE, Bhopa |
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UNIT 1: HISTORY OF AGRICULTURAL MECHANIZATION IN INDIA

Agriculture farming is one of the most important occupations in our country. More
than 65 % population do agriculture cultivation for livelihood. Agriculture practices
have transferred with the adoption of improved seed, fertilizer, use of agriculture
machines and technologies. The adoption of modern technology has helped the
farmers get better yield, timeliness of the operation, and more growth.

Farm mechanization is the process of transferring farm power to farming
implements and machinery. It is an important agricultural resource in India, wi th
the potential to alter the lives and economy of millions of people living in rural areas.

Farm mechanization can help farmers produce more high -value crops and
improve their quality of life by removing the laborious operations that come with
human labou r. Increased output advances and benefits to the rural economic cycle.
Thus, improving smallholder farmers' economies increases access to input supply
chains and integration in modern food systems. This results in higher incomes,
which generates new and ex panded business opportunities, more value addition,
and overall better livelihoods for smallholder families.

Consequently, mechanization in agriculture can make a significant
contribution to the long -term growth of global food systems. In the sphere of

agriculture, mechanization is the most significant parameter for long -term
agricultural development. It aids in boosting production at a lower cost, reducing
the deficit, improving the management of high -priced inputs, enhancing total

natural resource product ivity, and reducing the challenges related to diverse
agricultural activities.

India's agricultural situation was completely concealed during the post -
independence period. The country was suffering from severe food scarcity and had

to rely on importsto f eed its peopl e. To cope up with
Revolutiondéd took place in the 1960s. It i nvo
technologies such as enhanced high  -yielding hybrid seeds, chemical fertilizers, the

building and extension of irrigation in frastructure, and farmer education.

The "Green Revolution" was shaped by technological achievements such as
improved water systems and increased mechanization in agricultural operations.

Cereal imports in India were usually minor in the 1970s due to the su ccess of the
"Green Revolution," except for catastrophic crop failures in 1979 -80, which led to
fresh imports of 2.3 million tonnes of food grains in 1981 -82.

India reached self -sufficiency by the end of the twentieth century, producing
enough food. For ex ample, 212 million tonnes of food grains in 2001 -2002. In
countries like India, where money is scarce and labour is plentiful, partial
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mechanization could be the most effective solution. However, increasing population
pressure on land, tiny and fragmented holdings, acute poverty, and farmer
ignorance are some of the causes that are preventing agriculture from being
mechanized.

In this session, you will learn about basic terminology used in agriculture, the
need and role of agricultural machinery. You will a Iso understand the importance
of farm mechanization and traditional agriculture machinery.

Important Basic Terminologies . In agriculture, various terms are used during
different operations, which are listed below -

1 Tractor: A vehicle that is used on agricul  ture fields to pull or carry machinery
such as plough, cultivator, harrow, etc.

1 Plough: A plough is an agricultural tool that is used to loosen or turn the soill
before seeding or planting.

1 Ploughing: The process of cutting, loosening, and turning the soll is called
ploughing.

1 Tillage: It is soil preparation of the agriculture field by various types of
mechanical agitation, such as digging, stirring, and overturning.

1 Primary Tillage: The first soil tillage after the last harvest is the primary
tillage.

1 Secon dary Tillage: The tillage operations conducted after primary tillage on
the soil to bring a successful tilting of the soil are known as secondary tillage.

1 Seedling: A very young tree or plant growing out of a seed.

1 Sowing: The process by which a seed or se edling is planted.

1 lrrigation:  The artificial method of applying water to the soil so that, the crop
can grow easily.

1 Weeding: A process to remove unwanted plants from the land surface.

1 Intercultural operation: Minor and finer operations carried out on the field,
between sowing and harvesting.

1 Harvesting: The method of cutting matured crops from the fields.

1 Winnowing: The process of removing chaff/lunwanted particles from the grain
by using winnower.

1 Threshing: The process of separating the grain from the crop by using manual
or mechanical power.



SESSION 1: NEED AND ROLE OF AGRICULTURAL MACHINERY

In India, farmers have low income per capita due to the low yield per hectare from

their holdings. One of the important reasons for low yield is due to the u se of
traditional technology, manpower as well as animal power. Due to low holding,

farmers use traditional equipment like desi plough and this desi plough is operated

by bullock, buffaloes, or manually.

Gradually farmers have started using improved farm t ypes of machinery for various
agricultural operations such as ploughing, sowing, cultivation, harvesting, and
threshing by manual power, animal power, and mechanical power.

Human power : Human beings are the main source of power for operating small
tools. T hey are engaged in doing stationary works like harvesting, threshing,
winnowing, chaff cutting, and lifting irrigation water. On average, a man is able of
producing 0.1 horsepower energy. Due to urbanization labours are migrating and
working in the industr  ies for better wages. There is a shortage of manpower in rural
areas.

Fig.1.1: Human Power in Field

Animal power : In animal power, animals such as buffaloes, camels, horses,
donkeys, and mules are used for agricultural operations. These animals produce a
low amount of power between 0.50 to 0.75 Horsepower. Perhaps, this amount of
power is not sufficient to carry out

agricultural operations. Animals can be a cheap source of farm power if raised by
the farmers themselves. It becomes the costliest source if the animal has to be
brought from some other place.



Fig.1.2: Animal Power in Field

Mechanical power : One of t he important sources of farm power is mechanical
power, which is available through power tillers, tractors, and engines. Tractors and
power tillers are available in various ranges from 15 to 120 and 06 to 12 Horsepower
respectively. Due to the high output of power, agricultural operations can be done
timely and easily. Most agricultural machinery is operated by the tractor.

Fig.1.3: Mechanical Power in Field

Agricultural Mechanization : Mechanization of agriculture farming means the
introduction of a  machine in agricultural land for the completion of different
operations in farming. It helps quicker, easier and better production of agriculture
produce. The use of agricultural machines helps in increasing farm production.
Agriculture mechanization is be ing practiced at various levels of agricultural
operations.

Importance of mechanized farming : Mechanization provides -

a) High yield

b) Less expenditure per unit area
c) Timeliness in the farm operation
d) Quick work

e) Less drudgery of labour



Considering these reasons, the use of modern agricultural machinery is adopted for
various agricultural operations such as land preparation, ploughing, sowing,
intercultural operations, spraying, harvesting, threshing, and so on.

Mechanization is a multi -dimension concept that is w idely applied in
agriculture. A farmer needs to plant, reap and sow at the right time with the right
equipment at the right season for higher productions. Agricultural machinery not
only helps to save the time of farmers but also helps in saving inputs lik e seed,
fertilizers, and chemicals of a farm. The advantage of using the farm machine is that
they are capable of doing the maximum in minimum time, reducing the cost of
farming operations. Even at minimum speed, these farm machines can work twice
as fast as human workers. Nowadays, these machines are also being redesigned and
upgraded with the upcoming technologies to make them more eco -friendly.

Using agricultural machinery results in an increase in the yield of the crop and
the income of the farmer. Farm  ers can either purchase the agricultural machinery
or take them on a rent basis. Nowadays farmers can hire agricultural machinery
through custom hiring centers, which are established by agriculture society or
government agencies. For example, a big machine like a combine harvester was
hired from another place to a remote area for timely completion of operations such
as harvesting and threshing. Whereas, now it is easier to hire agricultural machinery
through a custom hiring center.

Advantages of Farm Mechan ization

1. Land preparation can be done more thoroughly in less time.
2. Heavy and otherwise difficult soils can be ploughed satisfactorily and quite
independently of weather and season.
3. The timely completion of farm operations helps in saving more time for
planting. Therefore, better seed control and inter -row cultivation are possible.
4. Engine power may be used efficiently for stationary operations of threshing
and processing.
5. Multi -cropping is more feasible by minimizing periods during which the land
has no crops growing on it, thus maximizing land and water use.

Dis -advantages of Farm Mechanization

Higher initial costing of machinery and less annual usage.

Tractors might undesirably displace labour that is already under or
unemployed.
3. Repair and maintenance of complex engines and machinery are problematic.
4. Operational skills are often undeveloped.
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5. Operational supplies and services for fuel and lubricant are quite expensive.

Traditional Agricultural Implements

Traditional agricultural implements can be categorized based on two power
sources; human/manual power source and an animal power source.

1. Human/ Manual Power Source

1. Spade: A multi -purpose hand tool used to dig pits, to create ridges, furrows,
etc. In this tool, the handle is made of a wooden bar and the blade is made of
steel.

Fig.1.4: Spade

2. Khurpa: A small multi -purpose hand tool used on the farm for intercultural
and weeding activities.

Fig. 1.5: Khurpa (Iron)

2. Hand Weeder: A very simple hand tool for weeding.

"

Fig.1.6: Short Hand Weeder



4. Sickle: A simple tool used for harvesting crops and cutting the other
vegetation.

Fig.1.7: Sickle

5. Bamboo Sieve: A hand tool used for cleaning, sieving, and packaging. The
sieve or chhalna separates dust, stones, and other foreign matters from cereals.

Fig.1.8: Bamboo Sieve

6. Winnower: A tool used to separate the chaff from grains using blowing of air.

Fig.1.9: Winnower

7. Stone Mill:  1tis used for grinding and crushing.

Fig.1.10: Stone Mill



2. Animal Power Source

1. Soil Scoop (Animal drawn): It is used over short distances in excavating
ditches, cleaning drains, and moving soil.

It consists of @ (a) Blade (b) Soil trough (c) Hitching loop (d) Handle

Fig.1.11: Animal drawn soil scoop

-

2. Animal drawn plough: Commonly it is of two types - (a) Indigenous plough
and (b) Mouldboard plough

(&) Indigenous Plough : As a primary tillage implement, it is most commonly
used in India. It is also known as 'Desi plough'. The main parts of plough
are: Body, Shoe, Share, Handle, and Beam.

HANDLE

o~ / BEAM / POLE SHAFT

Pl

SHOE

Fig.1.12 (a): Indigenous plough

(b) Mouldboard plough: The animal -drawn mouldboard plough is thin and
small, which ploughs up to a depth of 15 cm, while two larger ploughs are
mounted to the tractor and ploughed to a depth of 25 to 30 cm.
Mouldboard ploughs are used for turning the soil for better land
preparation for farming.



>=<«— Adjusting clevis

¥

, Dfag rod
N ___ (Draw bar)

Mouldboard L N

Sharé
Fig.1.12 (b): Animal drawn MB plough

3. Animal drawn disc harrow: When preparing seedbeds, it is used to split
clods. It normally has six or eight discs fixed in two groups, with three or four
discs in each gang. It main |y consists of - (i) Disc (ii) Gang frame (iii) Scraper

(iv) Spacer (spool) (v) Clevis (vi) Gang angle mechanism (vii) Beam (viii) Axle (ix)
Middle tine (x) Bearings.

Seat

3. Bakhar (Blade harrow): It consists of one or more blades connected to the

beam or frame used with a minimum of soil inversion for the shallow working
of the soil.



Fig.1.14: Blade harrow

4. Guntaka (Patela ): It is an improved kind of blade harrow. It consists of a
frame or beam connected to one or more blades. It is mostly used in the
preparation of the seedbed and levelling the agriculture field.

Fig.1.15: Guntaka Harrow

6. Bullock drawn cultivator: It is a secondary tillage device, used for
intercultural operation at various times. It removes the weed and aerates the
soil so that a smooth, loose seedbed is maintained.

Shovel

Fig.1.16: Bullock drawn cultivator

7. Bund Former: Itis used by gathering the soil to cre ate bunds or ridges. It
consists of - (a) Forming board (b) Beam (c) Handle.
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Handle

Forming board

Fig.1.17: Bund former

8. Animal Drawn Ridger: It is used to form ridges, needed in well -tilled soil for
the sowing of row crop seeds and plants.

Fig.1.18: Animal drawn ridger

9. Puddler (Animal drawn): It is used after initial ploughing for the preparation
of paddy fields with standing water. Clods are broken up and the soil is

churned. It reduces water leaching, eliminates weeds by decomposing, and it
is done in standing water between 5 and 10 cm deep.

Pulling Chain

Fig.1.19: Wetland Puddler
10. Foot -operated sprayer. A foot -operated implement used for spraying

insecticides in the agriculture field and plant etc. It c onsists of - (a) Barrel (b)
Pump (c) Pedal (d) Platform (e) Suction hose (f) Spray lance.
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| e
Lance . ' |-

L Pump
) Pedal

)
/

. Plat Form

Suction hose

Fig.1.20: Foot -operated sprayer

11. Green manure trampler (Animal drawn):

Itis an implement that  is used in
the fields to trample and press the green manure crop. There are two types of

tramplers: (a) Slat type (b) Disc type

The main parts of the trampler are - (@) Frame (b) Axle and bearings (c) Disc or
slat (d) Footboard (e) Handle

Handle

Disc

Footboard

Fig.1.21: Green manure trampler
12. Hand Dibbler: It is a conical tool used for making proper holes in the soll
surface so that seeds can be planted. The hand dibbler consists of tapered
projections in a frame for making the hole.

' - £

13. Animal (Bullock) drawn seed

-drill:

average ox or bullocks for sowing the seeds. There are two types of the
bullock -drawn seed drill.

This implement is drawn by a pair of

(i) In which seeds are dropped by hand or manual.
(i) In which s eeds are dropped by mechanically.

12



Fig.1.23: Bullock drawn seed  -drill with metering unit

14. One row jute seed drill: It is a manually controlled implement. It consists of
a seed box, a mechanism for seed  dropping, and a land wheel.

Fig.1.24: One -row jute seed drill

15. Animal drawn reaper: It is pulled by a pair of animals. It can harvest nearly
5 to 8 cm above the ground. It consists 0 (a) Frame (b) Cutter bar knife wheel
(c) Bearing

13
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Fig.1.25: Animal drawn reaper

16. Olpad Thresher: An agricultural machinery used for threshing the
agriculture produce. This is a very old threshing implement that is simple in
operation. It is also known as a wheat crop thresher.

EXPANDED METAL rﬂ———BAC
SCREEN i

REST SEAT

p
—_ﬁ,«,,rL R

DISC BEARING BLOCK TRANSPORTING
WHEEL
Fig.1.26: Olpad Thresher

17. Pedal -operated paddy thresher: The pedal -operated thresher is used for
threshing the agriculture crop by manual power. This thresher is best for
paddy crops. It consists of - (a) Cylinder (b) Body frame (c) Axle (d) Drive
mechanism.
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Fig.1.27: Pedal -operated paddy thresher

PRACTICAL EXERCISE

Activity 01: Sketch any two traditional agricultural machineries  or
implements used in the agriculture field.

Material required:
1. Notebook
2. Pencil
3. Eraser
4. Sharpener
Procedure:
1. Identify the traditional types of machinery available on the farm.

2. List the available traditional types of machinery on the farm for sowing,
harvesting, and threshing.

3. Sketch any two traditional types of machinery.

4. Label the parts of machinery.

CHECK YOUR PROGRESS

A. Answer the following
1. Define the role of agricultural machinery in agriculture?
2. What do you mean by agriculture mechanization?

3. Describe the importance of mechanized farming.
15



4. List the name of traditional agricultu ral machinery.

5. Define any two traditional agricultural machineries and draw the diagram?

B. Fill in the blank
1. Human beings are the main source of
Implements.

2.0n average, a man i

,,,,,,,

C. Match the following

............ for operating small tools and

s able of producing

1. A multi -dimensional concept that is
widely used in agriculture.

A.

2. It is used to form ridges, required for
sowing row crop seeds and
plants in well -tilled soil.

B. Farm Mechanization

3. Soil scoop

4. A simple tool used for harvesting crops
and to cut the other vegetation.

5. It is a conical instrument used
to make proper holes in the field.

E. Animal drawn

16
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SESSION 2: DEVELOPMENTS IN  AGRICULTURE MECHANIZATION

With the development of agriculture and the adoption of agriculture mechanization
practices, a tractor was introduced. In India, the first tractor was brought to India

in 1914. From 1950 -1960, there were only around 8,000 tractor s, which rose to
39,000 units. Engines (petrol, kerosene, and diesel) have been used for post -harvest
manufacturing such as floor production, rice milling, grinding, etc.

During the sixties, India went through a serious food crisis and the situation
wascal | ed 6ship to mouthd. In the | atter half o
took significant policy decisions to bring abc
the farmers' procurement of main crops at the minimum support price (MSP). Just
about 75,0 00 tractor units (1 tractor/1800 h) were present.

With the adoption of high yield variety (HYV) crops, demand for irrigation water
was created. Farmers started using tube wells, pumps, etc., Whereas, those who
were not owning tube -well, pumps bought water  from neighbouring farmers at a
nominal rate to grow the HYV crops. Thus, the first and most important
mechanization in India was groundwater pumping. It was done by using engine and
electric motor -driven irrigation pumps.

Farmers purchased threshers for water pumping which was operated by the
engine or motor. This was mainly used for wheat crops. Interestingly, earlier the
threshers were fabricated by local blacksmiths in small towns. They mostly used
locally available materials, especially parts of disca rded persian wheels. Farmers
either purchased high -capacity tractor operated or electric operated thresher or
hired the thresher from neighbouring farmers mostly on a share of production basis.

The mechanization of agriculture in India ensured higher yield s and assured
prices to farmers. With more profit due to agriculture mechanization, farmers
started purchasing different farm machinery and implements.

The intensification of agriculture was assisted by higher inputs of farm power,
as well as greater profi tability of farming -generated

surpluses that could be spent on capital equipment. With the adoption of HYV seeds,
the number of tractors got doubled by 1971, and 96 percent of the tractors were
privately owned on farms of over 10 hectares (ha) in size.

By 1980, the number of tractors was more than 500,000 (1 tractor/260 ha),
which reached about 4.0 million units (1 tractor/35 ha) in 2010. Currently, India is
the largest producer of tractors in the world. The annual production is about 700000
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units, out o f which around 10 percent units are exported.

Through all these years, the economics of ownership of most tractors had been
justified by custom hiring. This was done for both on -farm works and off -farm works
such as transport and construction activities. T he usage of tractors in
transportation activities accounts for more than 50 percent of the average annual
use. Many small farmers also started owning tractors due to the opportunity of
custom hiring.

Also, over the years, due to rural electrification major ity of the irrigation
pumps are powered by electric motors. The size of irrigation pumps has increased
due to the lowering of the water table in many areas. As the electricity to rural areas
is subsidized for agricultural purposes in India, most farmers h ave either
individually or jointly installed tube wells wherever groundwater is available. The
number of electric motor  -operated pumps increased from 4 million in 1981 to about
25 million in the year 2015. The number of diesel -operated irrigation pumps als o
increased from 3.3 million in 1981 to about 7 million in 2015. There was a
phenomenal growth of farm equipment due to favourable government policies for
promoting machinery manufacturing in the private sector. So, here is a list of
development in tractor s.

Table 1.1: Chronology of tractordés devel opmen
S.No. Tractor developed Year
1. The word tractor appeared first on record in a 1890
patent issued on a tractor or traction engine
2. First successful gasoline tractor 1906
3. First Winnipeg tractor  trails 1908
4. First tractor demonstration 1911
5. Power take -off 1915-1919
6. All -purpose tractor 1920 -1924
7. Diesel engine (was used in tractor and pneumatic 1936 - 1937

tires were introduced with clutch and other
accessories)

8. Manufacturing of  diesel tractors on an extensive 1950 -1960
basis
9. Four -wheel -drive tractors 1970
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Table 1.2: History of tractor industry development in India

S.No. Tractor developed in India Year
1. The first manufacturer of a tractor in India 1960 -1961
2. Escorts tractor 1971
3. HMT tractor 1973
4, Pitti and Kirloskar tractor 1974
5. Harsha tractor 1975
6. Auto tractor 1981
7. Universal Tractors 1982
8. GTCL tractors, M.M Tractors, Sonalika, VST, 1983 -2003
L&T, Bajaj Tractors

Impact of agriculture mechanization

The impact of agricultural mechanization in India led to the following growth and
transformation in agriculture and allied sectors:

1 Tractor production, growth, and sales have considerably increased, due to their
local production in India. The number of draught animals used in agriculture
also declined rapidly over the past decades. The states with high rates of available
power per hectare are the ones with higher yields.

1 Mechanization technologies were first adopted by the large farmers (over 10 ha
farm size) followed by medium  -scale farmers (with 4 to 10 ha farm size). The large
numbers of such farmers in states like Punjab, Haryana, and western Uttar
Pradesh played a critical role in facilitating the creation of viable agricultural
machinery and implementing the distribution and services sector. Such farmers
were also the ones who were able to provide mechanization and other services to
the more numerous semi  -medium (2 to 4 ha farm size), smallholder farmers (1
to 2 ha), and marginal.

1 The avai lability of credit at subsidized rates has been catalytic to the rate at
which farmers 0 especially the small and medium scale ones 0 were able to
procure agricultural machinery and implements. In addition, custom hiring of
agricultural machinery assures t he mini mum support prices

produce.
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1 The higher demand for agricultural machinery and equipment led to the
development of competitive and viable manufacturing industry. In this sector,
India became a leading player and net exporter globally

1 The Government of India provided support services; for research and
development, testing and standards check, for human resources development in
support of agricultural mechanization.

The agricultural engineering programmes were instrumental in the success of
agricultural mechanization in India. established in the numerous state
agricultural universities, and institutes under the Indian Council of Agricultural

Research (ICAR).

1 Business and enterprise -friendly policies, laws, and regulations encourag ed
commercial activities and entrepreneurship in farming. The key factors which
contributed to the success of agricultural mechanization in the different states
of India were input supply, produce handling, processing, marketing, and
manufacturing.

Present scenario of agricultural mechanization in different agro -climatic
zones/regions

Agro Climatic Zones : The Planning Commission initiated the Agro -climatic
Regional Planning Project in June 1988. Under this system, the country is divided

into 15 Agro Clima tic Zones (Table no.1.3) based on common factors such as soil
type, rainfall, temperature, water resources, etc. The separation of these agro -
climatic zones assumes importance in planning strategies for agricultural
development.
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Agro-climatic zones of India

Agro-Climatic Zone

Western Himalayan
Eastern Himalayan
Lower G angeticPlains
Middle Gangetic Plains
Upper Gangetic Plains
Trans Gangetic Plains
Eastern Plateau & Hills
Central Plateau & Hills
Westemn Flateau & Hills
10. Southern Plateau & Hills
11, East Coast Plains & Hills
12, West Coast Plains & Hills
13 Guarat Plains & Hills

14. Western Dry Region

15. Islands

WD PN -

Fig.1.28: Agro -Climatic Zones in India
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Table 1.3: Agro

-climatic zone in India

S.No. | Regions in Name of Tools and Machinery Area
India
1. Western Small tractor, power tiller, pumping Jammu and Kashmir,
Himalayan sets, chaff cutter, rotavator, (zero Himachal Pradesh, and
Region till drills,  strip -till drills, roto drills, Utta ranchal
till -plant machines, raised bed
planters, ridge seeder, orchard
sprayers, sickles, fruit pluckers,
combine harvester, thresher aero -
blast sprayers, and vertical
conveyor reapers.
2. Eastern Khasi spade, power tiller, tractor; Arunachal Pradesh,
Himalayan MB plough, disc harrow (offset), Assam, Sikkim,
Region shallow tube wells, pedal -operated Meghalaya, Nagaland,
paddy thresher, huller. Manipur, Mizoram,
Tripura, and West
Bengal
3. Lower Puddler, drum seeder, cultivator, West Bengal
Gangetic laser leveller, power tiller, rotavator,
Plain ridger, sprayer, mist blower,
Region electrostatic sprayer, digger, multi -
crop thresher, maize sheller,
vertical conveyor reaper, thresher,
groundnut planter, and
manual/power -operated grader.
4. Middle Ploughs, harrow, cultivator, Uttar Pradesh and
Gangetic seed/seed -cum  fertilizer  drill, Bihar
Plain potato planter, power thresher,
Region tractor trolley, bullock cart, tractor,
pump sets, and plant protection
equipment.
5. Upper Sickle, power -operated weeder, Uttar Pradesh
Gangetic planter/transplanter, combines
Plains and harvester, aero blast sprayer,
Region orchard sprayer, and electrostatic -
sprayer.
6. Trans - Mouldboard plough, tractor  -drawn Punjab, Haryana,
Ganga disc harrow, cultivator, planker Chandigarh, Delhi, and
Plains (mild steel), leveller, soil scoop, Rajasthan
Region bullock drawn seed drill, bullock
drawn planter, tractor -operated
semi-automatic potato planter,
wheel hand hoe, tractor -drawn
bund former, knapsack sp rayer,
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foot sprayer, reaper, diggers, power
threshers, power cleaner and
grader, straw baler.

Eastern
Plateau and
Hills region

Chhattisgarh: Puddlers,
rotavator, disc harrow, seed drill,
wheel hoe, planter, reaper, digger,
tubular hand maize sheller, manual

rice transplanter, and multi -crop
thresher, rotavator, tractor -
mounted inclined plate planter, and
tractor -drawn vertical conveyor
reaper.

Jharkhand:  Digging fork, weeding
fork, hand cultivator, p runing
secateurs, budding and grafting
knife, manual fruit harvester, dutch

hoe, garden rake, and weeding
trowel.

Chotanagpur  region: Kudali,
khurpi, local sickle, spade, animal -
drawn ridger plough, animal  -drawn
seed drill, dutch hoe, japanese
paddy weeder, pedal -operated
paddy thresher.

Bihar: Birsa ridger plough, birsa
potato digger, MB plough (10 cm
size), dutch hoe, grubber, pedal -
operated paddy thresher, and
improved sickle.

Jharkhand, Orissa,
Chhattisgarh, Madhya
Pradesh, and West
Bengal

Central
Plateau and
Hills region

Bullock drawn mouldboard plough,
tractor  mounted, mouldboard
plough, animal -drawn disc harrow,
improved patella harrow, rotavator,
tractor mounted, offset disc harrow,
improved bakhar blade, duck foot
cultivator, tractor -mounted di sc
harrow (trailed type), animal  -drawn
land leveller, tractor -drawn land
leveller, self -propelled hydro dozer.

Madhya Pradesh,
Rajasthan, Uttar
Pradesh

Western
Plateau and
Hills region

Bullock drawn mouldboard plough,
tractor -mounted mouldboard
plough, animal -drawn disc harrow,
improved patella harrow, rotavator,
tractor -mounted offset disc harrow,
improved bakhar blade, tractor -
mounted duck foot -cultivator,
tractor -mounted disc harrow
(trailed type), animal -drawn land

Madhya Pradesh and
Maharashtra
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leveller, tractor -drawn land leveller,
self-propelled hydro dozer, tractor -
drawn harrow - cum -patela.

10.

Southern
Plateau and
Hills region

Transplanter, cono -weeder, self -
propelled reaper and
thresher/combines, tractor -drawn
planter, long handle weeder, power
weeder, 3 -4 T.D. harvester,, power
thresher, rotavator, tractor -drawn
planter, power weeder, power -
operated ridger/furrower, self -
propelled harvester, tractor -drawn
seed drill/planter, fo  dder harvester,
multi -crop thresher, tractor -drawn -
broad bed former, power sprayer,
single row puller, sucker remover,
auger digger, harvesting
equipment, ridger, single row long -
handled weeder.

Andhra Pradesh, Tamil
Nadu, Karnataka

11.

Eastern
Coastal
Plains and
Hills

Power-operated and bullock drawn
improved puddlers, transplanters -
manual and self -propelled, cono -
weeder, self -propelled reapers, high
capacity thresher, combines, power
winnower,  combination tillage
tools, tractor operated equipment,
tra ctor -drawn planter, long handle
weeder, power wheel, tractor -drawn
3-4 row harvester, power thresher,
grader, power decorticator, rotary
tillers, planter (tractor operated),
power weeder, off barer and
earthing up equipment (mini
tractor/power  tiller opera ted),
harvester (self -propelled), fodder
separator, multi -crop thresher,
single row self -propelled/two -row
tractor operated vegetable
transplanter, improved power
sprayers, power tiller operated/
self-propelled boom sprayer,
sucker remover, auger digger,
tractor/power tiller operated
plough, trencher.

Orissa, Andhra
Pradesh, Pondicherry,
Tamil Nadu
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12.

Western
Coastal
Plains and
Ghats

Power tiller, operated rotavator,
Power-operated, transplanters,
direct seeder, cono -weeder, vertical
conveyor reaper, combine,
thresher, tall tree power sprayer,
power tiller operated implement,
tree climber, hydraulic operated
harvesting ladder, improved
dehusking machine, dryer, tall tree
sprayer, power weeder, tractor
operated harvester, tapioca peeling
machine , tractor -drawn rotavator,
and planter, power sprayer and
dusters, tree crop sprayer, fruit
picker(manual), auger  digger,
plucking tools, pepper grader,
electrical -cum -solar powered dryer,
small power weeder, tea plucking
machine, power tiller operated
rot avator, improved leveller, direct
seeder (manual), cono weeder, tree
climber, foot -operated sprayer,
hydraulic  operated  harvesting
ladder.

Goa, Karnataka,
Kerala, Maharashtra,

Tamil Nadu

13.

Guijarat
Plains and
Hills

Rotavators, zero till drills, strip -till
drills, roto -drills, till -plant
machines, raised bed planters,
ridger planters, and transplanters,
aero blast sprayers, orchard
sprayers, electrostatic  sprayer,
power -operated trenchers, angle
dozers, drudgers, buck scraper.

Gujarat, Dadra and

Nager Haveli,

and Diu

Daman

14.

Western Dry
Region

Tractor, power tiller, combine.

Rajasthan

15.

Island
Region

Sickles, fruit plucker, vertical
conveyor reaper, aero -blast
sprayer, orchard sprayer, electro -
static sprayer, power -operated
trencher, angle dozer, drudger,
buck scraper.

Andaman
Islands
Lakshadweep

Nicobar
and
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PRACTICAL EXERCISE

Activity 01: Sketch the Agro -climatic zone of India. Material required:

Notebook
Pencil

W N B

Eraser
4. Sharpener

Procedure:
1. Identify the Agro -climatic zones of India.

2. Listthe Agro -climatic zones of India.
3. Sketch Agro -climatic zones of India.
4. Label the Agro -climatic zones of India.

CHECK YOUR PROGRESS

A. Answer the following
1. Describe the development of agriculture mechanization?
2. What do you mean by Agro -climatic zone?
3. List the Agro -climatic zones of India.

B. Fill in the blank

1. The first tractor was brought to I ndia in
2. India went through a serious food crisis and that situation was
called éeééeéée
3. First Winnipeg tractor trails were introdu
4. Int he year 1971 ééééée tractor was manufactu
C. Match the following
Regions in India Area
1. Western Himalayan Region A. West Bengal
2. Eastern Himalayan Region B. Uttar Pradesh and Bihar
3. Lower Gangetic Plain Region C. Jammu and Kashmir, Himachal
Pradesh, and Uttaranchal
4. Middle Gangetic Plain Region D. Assam, Sikkim, Meghalaya,
Nagaland, Manipur, Mizoram,
Tripura, Arunachal Pradesh, and
West Bengal
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UNIT 2: INTRODUCTION OF TRACTOR

In unit one we learned about the history of tractor and agro-climatic zones in
India. And how, the new technology was adopted in agriculture to evolve from
human and animal power to mechanical power sources. As human and animal
power requires more effort, time, and money, whereas mechanically powered
machines g ive effortless work within a short time and it also requires fewer
labours.

In an agricultural field, multiple field operations like land preparation,
sowing, intercultural operation, spraying, harvesting, and threshing, etc. are
being done with the help o f a tractor. Henceforth, importance of the tractor
cannot be ignored in the farm mechanization process.

SESSION 1. IMPORTANCE OF TRACTORS IN AGRICULTURE

What is Tractor?

An OAgricul tur al -propalled ehicle dasignedato deliedr high
tractive torque at slow speeds. It consists of two axles, which could be wheeled,

track -laying, or semi -track -laying, more particularly designed to pull, push,
carry and operate implements and machines used for agricultural work.

Fig. 2.1: Tractor

Impor tance of Tractor: Importance features of the tractor are elaborated below
1 Saves time, effort, and resources: With a tractor, a farmer can cover a
larger area of land efficiently in lesser time, and with lesser manpower,
hence increasing the yield due to  timeliness and efficiency.
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Multi -purpose usage: Tractor can be used by a farmer in different farming
operations such as land development, ploughing, harrowing, sowing,

weeding, plant protection, irrigation, harvesting, threshing, and

transportatlon

Fig. 2.2 (e): Weeding operatig)ﬁ Fig. 2.2 (f): Harvesting operation

F|g 22 (g) Threshlng operatlon | Fig. 2.2 (h): Transportation
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Powerful and durable: A tractor is a powerful machine, which can be used

in plain as well as in rough terrain. It has a long economical life if properly
maintained.
Available in different horsepower range: In India, it is available in more

than 70 horsepower ranges, starting from 7 horsepower. This is why even

a small farmer having 2 ha of land can purchase a tractor as per his
suitability and eco nomic viability.

Opportunity for the custom hiring: Once all the tasks in which tractor is
needed are done, the farmer could give the tractor on rent for extra income.

As the annual use of a tractor is very less in India and to come up to
breakeven point, from where it is economically viable to own a tractor,
small farmers need to use a tractor from custom hiring.

Rural transport carriers: A Tractor with a trailer is used to carry the seed,
fertilizer, and other farm input to the field. It is also used in | oading the
harvested crop to home and the prospective market.

Modifies social structure in rural areas: It saves the farmers from
laborious and tedious works on the farms. This is how the pressure on land
decreases and the status of the farmers also improv es. In general, it could
be presumed that farmer sowning a tractor is modern and progressive.
Solves the problem of a labour shortage: It creates jobs for the technical
manpower in the village itself. As the labour shifted to industry, the use of
tractors replaced human power. It also creates jobs for the operators,
technicians, electricians, and engineers in the village.

Government loan and subsidy availability:  Bank loans and government
subsidies are easily available for purchasing tractors and implements .
To motivate the younger generation: Nowadays, the youth of the rural
area are moving to the urban area. As agriculture profession is becoming
more attractive with the adoption of modern technology in this field.
Therefore, with the modernization of the agriculture sector, the youngsters
have an option to choose it as a career.

PRACTICAL EXERCISES

Activity 01: Sketch a tractor and label the parts.
Material required:

1.
2. Blank white paper
3.

4. Sharpener

Pencil

Eraser
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Procedure:
1. Identify the parts of the tractor.
2. Draw the diagram of a tractor.
3. Mention its parts and label them.

CHECK YOUR PROGRESS

A. Answer the following questions
1. Define Agricultural tractor?
2. How to increase the yield of the crop with the use of a tractor.
3. How is a tractor helpful to the farmers?
4. What is the visual difference between a car and a tractor?
B. Fill in the blanks

1. Withatractor, a f ar mer can cover ¢éé... area of |
time.

2. A tractor is a éé. .. machine that can be u:
terrain.

3. A small fa rmer having 2 ha. of land can purchase a tractor, as per his
suitability and éééé. viability.

4. A tractor with a éééeée. is used to carry s
inputs to the field.

5. A f ar mer can use the tractor in different

land development, ploughing, harrowing, sowing, etc.

SESSION 2: TYPES OF TRACTORS

Types of Tractors: Tractors are classified based on uses like crop -wise, soil -
wise, and agro -climatic -wise. On the basis of its usage, these can be further
classified as agricultural/farm tractors and industrial tractors. To perform the

different farm operations efficiently various types of tractors have been designed.

The tractors are classified into three classes; based on the type of
construction, type of drive, and purpose

1. Based on Type of Construction:

(a) Riding Type Tractor: Tractor in which a driver can sit and drive like a
general -purpose (four -wheel tractor).
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Fig. 2.3: General -purpose four -wheel tractor

(b) Walking Type Tractors: Tractors with which the operator walks along like
garden tractors and power tillers.

2. Based on Type of Drive:

(a) Track Type Tractors: In this type of tractor instead of wheels; tracks are
fitted on both sides. These tracks get driven over the sprocket run by the rear
axle shaft. The steering gear is not fitted to steer the tractor . The tractor is
steered by applying brakes to one track, with the other track moving. These are

used for bulldozing or land clearing work.
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(b) Wheel Type of Tractors: These are the most commonly used agricultural
tractors. They can run fast and the tyres can absorb a certain amount of field
shocks. These can be further divided as:

I.  Two-wheel Tractor: In this type of tractor  engine power is given to rear
tyres (also called traction wheel) through transmission. The front tyres
which are smaller in size are used as a steering wheel. The track width of
both the front and rear tyre on the same axle is adjustable for field and
haul age operation. Two -wheel drive tractors are available almost in all
ranges in India, starting from 07 hp to 70 hp ranges. These tractors are used
for small farms, hilly areas and gardening purposes.

Fig.2.6: Power tiller

il. Three -wheel Tractor:  This type o ftractor was very popular 15 years back,
but now i tods r ewheehtraetats. Thsee fFwheel tractors had
single or dual wheels fitted at the front end in the center and were
considered good for negotiable shorter turns.

B Py S AL SR\
Fig.2.7: Three -wheel tractor
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iii. Four -wheel Tractor: It is the most commonly used tractor. It is also
known as all -purpose tractors. Based on available power, these have
been classified as -

a) Small tractors & 15 to 25 hp.
b) Medium tractors & 25 to 45 hp.
c) Large tractors & more than 45 hp.

Fig. 2.8: Four -wheel tractor

3. Based on Purpose:

(a) Utility Tractor : It is a specific purpose field tractor that is designed for
ploughing driving any other equipment through its P.T.O. (Power take -off) drive.
Now it is not manufactured in the country.

(b) All -purpose Tractor : Itis designed in such a way, that it can meet practically
all the demands for agricultural operations like ploughing, harrowing, leveling,

pulling other implements, seed drill , operating threshers, and pumps through
its P .T.O. These are connected with the help of three -point linkages.
(c) Orchard Type Tractor . A special type of tractor used in orchards. These are

usually very high so that driver could perform all operations on the trees while
sitting on the seat. Noparto  fthe tractor is protruded outside, so that tractor can
go easily in between trees safely.

- L S
PR

Ry |

Flgj. 2.9: Orchard -type Tréctor_
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(d) Garden Tractor : These tractors are available in the range of 1 to 10 hp and
are very small in size. These are mostly used in kitchen or vegetable gardens.

e = -

P

Fig. 2.10: Garden Tractor

(e) Rotary Tiller : These are walking types of tractors and are used in small fields

or on hills where fields are very small in size. These are also used in fields that
are at different levels, wher e ordinary tractors cannot work efficiently. Tined
blades are fitted to the tillers to prepare the seedbeds quite effectively by
pulverizing the soil. These are also used in rice fields for puddling and other
operations.

Fig. 2.11: Rotary Tiller

() Earth Moving Tractors : These tractors are heavy, strongly built, and are
available in both types: track and tyre. These are used for earth moving work on

dams, quarries, and other constructional works.

(g) High Clearance Tractor: Used in certain operations like crop weeding,
intercultural, and plant protection which require more ground clearance to avoid

any damage to crops.

(h) Industrial Tractors : These tractors are manufactured mainly for specific
requirements of industry and airport and used mainly for pulling heavy loads.
Instead of a three -point linkage, a drawbar is used for pulling the load.
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Fig. 2.12: Industrial Tractor
Horse Power of Tractor

Horsepower (hp) is a unit of measurement for power or the rate at which work is
completed usually with an engine or motor output. There are a variety of
horsepower specifications and types. The mechanical horsepower (or imperial
horsepower), which is roughly 745.7 watts, and the metric horsepower, which is
approximately 735.5 watts. One horsepower is roughl vy 746 watts of power by
modern standards, while there are some differences, such as the metric
horsepower, which is about 10 watts less. It's also worth mentioning that a
tractor's horsepower rating normally refers to the "engine horsepower," which is
dist inct from the horsepower provided by the power take -off (PTO), which is a
lesser figure than the rating.
Agricultural tractors are divided into various horsepower ranges, these ranges
help farmers/operators for different uses as well as government subsidy and
other marketing purposes:

1. Tractors up to 15 hp.

2. Tractors from 15 hp to 20 hp

3. Tractors from 20 hp to 40 hp

4. Tractors from 40 hp to 70 hp

Selection of Tractor

More than 230 models of tractors ranging from 7 to 70 PTO Horse Power ( The
PTO Horsepower ind icates the amount of power available to run various
implements ) are produced by more than eighteen manufacturers at present.
Farmers often face problems in selecting a tractor that is suitable for all the
requirements. The performance of the tractor depend s on how the power is
applied to the soil and the overall efficiency of operation.
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a. Horsepower of the tractor: If the tractor is big for  the size of the farm, fixed
costs increase which directly reduces the profit. However, if the tractor is
small, it may take extra time resulting in lower yields and poor crop quality.

b. Size of landholding and type of operations: Tractor is used for various field
operations starting from land preparation, sowing, irrigation, harvesting,
threshing, and transportation work. Out of all the operations, some are
difficult and the output in terms of hectares per hour is less than others.
Therefore, it is always recommended that while determining the horsepower
of the tractor, we should consider the field operation which is toughe st and
time -consuming, for example - ploughing.

c. Working time availability : The time available for completing a particular
field operation is another important factor in deciding the horsepower range.

In a year if more than one crop is to be grown, then the time available after
harvesting of one crop and the seedbed preparation for the second crop is to

be calculated precisely based on the previous records. While calculating,
availability of time, for the preparation of land one should refer to at least 4 -
5 years of weather records. Always consider the year in which the worst
weather situation was prevailing and thus obtain some calendar days
available for various field operations

d. Soil Resistance: In different soil conditions the soil resistance varies. In
heavy soll it is high and in light soil it is low. An implement that can give a
desired depth of operation in light soil at a certain speed will not be able to
do the same quantum of work in the same period in heavier soil. In such
cases, reduce the speed of the tractor to pull the load at the desired depth. A
tractor capable of performing all operations timely for a specified size of the
field in light soil will be different in case of heavy soil.

Once the horsepower of the tractor is decided, check the following factors:

I. Dependable reliable and durable: The tractor must have a record of less
breakdown, and a long overhaul period of its components.

il. Less initial, operating, repair, and maintenance cost: Tractors may

have a less initial price, are  fuel -efficient, and have less maintenance, the
cost of spare parts is comparable and easily available.

ili. Test Performances:  Check the performance of the tractor in test reports,
which is published by Central Farm Machinery Training & Testing
Institute, Budni (Govt. of India), in terms of power -take-off (PTO) &
drawbar power output, specific fuel consumption, the performance of a
hydraulic system, performance of other components, suitability,
performance in field and haulage operations.
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Vi.

Vii.

viii.

Xi.

Xii.

Xiii.

Xiv.

Table.

Safety and Comfort: From the CFMT&TI Budni test reports of the tractor,
we may also check performance details of noise, vibration, brake, seat,
work area, visibility, operating efforts, stability, safety -guards, and
provision of roll over protective structure.

Engine Considerati on: Backup torque, specific fuel consumption, and
operating speed range are important engine considerations while selecting

a tractor .

Transmission system: The number of gear speeds and gear spacing are
important. Even if two tractors have the same horsepo wer, a tractor with
better gear speeds and gear spacing can perform the same task in lesser
time.

Simple to operate, maintain and repair: The tractor must have easy and
few controls, easy accessibility of maintenance/repairs.

After sales -service: The dealer must have a good record of prompt and
quality service, genuine spare parts, excellent behaviour, and the
manufacturer is giving sufficient warranty and free services.

Brand Image: The number of tractor and other products in the area. Also
take a look at opinion maker and satisfied customer, publicity of the
products and organisation.

Standard and optional features: Whether ballast weight, toeing hitch,
pulley, and differential lock are provided with the tractor or having optional
features.

Versatility: ~ Whether tractor is suitable for dryland, wetland, and haulage
work.

Aesthetics:  Tractors having excellent  styling/colour product graphics,
finish of casting, sheet metal, light, and instrument panel are liked by the
customer.

Avalilability of matching implem ents: Whether the implements like a
plough, seed drill, cultivators, and other important implements match with

the horsepower of the tractor and are available in the market.

Resale value: The tractor is being sold after its use and it has a good
second -han d market, so check its resale value in the market.

2.1: Make and models of tractors available in India

S.No.

Name of the Models
manufacturers

Action Construction ACE DI 37 XT, ACE DI42 XT, ACE DI350NG4WD,
Equipment Ltd. ACE DI350 NG, ACE DI874 NG, ACE DI 47 XT,
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(ACE make).

ACE DI450 NG 4 WD, ACE DI 550NG 4 WD, ACE
D1 6565 4 WD, ACE DI 550 NG, ACE DI550*, ACE

DI450 NG, ACE DI450*, ACE DI 6565, ACE DI 305

NG.

Adico Escorts Agri

equi p mewttLtd.s

(Steel track make).

Steel track, Steel track 18.

Agri King Tractor
and equipment Pvt.
Limited (Agri King
Smart make).

Agri King Smart AKT44, Agri King Smart AKT54.

Captain Tractors
Pvt. Ltd. (Captain
make).

Captain 200Dl 4WD, Captain 250
250DI 4WD, Captain 200DI.

DI, Captain

CNH Industrial
(India) Pvt. Ltd.
(New Holland make).

New Holland 3510, New Holland 3230, New
Holland 3032, New Holland 3037, New Holland
3230TX, New Holland 4010A, New Holland 3630
TX, New Holland 5500 Turbo super 12+3UG, New
Holland 3600 -2 All -rounder Plus+, New Holland
3600 -2, New Holland3630 TX plus UG 4WD, New
Holland 3630 TX A1, New Holland 4710 A, New
Holland6010, New Holland 6010 (12+12), New
Holland 7500 Turbo super 12+3 UG, New Holland
6510, New Holland 751 0, New Holland 6510
12+12.

Escorts Ltd. (Escort
make).

Escorts Ltd 439 E1 (Brand Name -Powertrac),
Escorts Ltd 434 DS (Brand Name -Powertrac),
Escorts Ltd 425 N E1 (Brand Name -Powertrac),

Escorts Ltd,26(Brand Name -Farmtrac), Escorts
Ltd EURO 45 E5(Brand Name-Powertrac), Escorts
Ltd -Powertrac439 DS plus ALT 4000, Escorts Ltd
-Powertrac439, Escorts Ltd 60 F2 Farmtrac,
Escorts Ltd 45 F9 Farmtrac , Escorts Ltd Euro60
powertrac, Escorts Ltd Euro4l E3 Powertrac,
Escorts Ltd Euro 50 Powertrac, Escorts Ltd 606 5
F4 Farmtrac, Escorts Ltd Farmtrac 60, Escorts
Ltd Euro 47 powertrac, Escorts Ltd Farmtrac 45,
Escorts Ltd 45 F25 Farmtrac, Escorts Ltd
Farmtrac 6050 F1 Um, Escorts Ltd Farmtrac
6050, Escorts Ltd Farmtrac 6060 UM, Escorts Ltd
Farmtrac 6065 UM 4 WD.

Force Motors Ltd
(Force make).

Force motors Itd. OX25 Orchard DLX, Force
motors Itd. OX25 Orchard mini, Force motors Itd.

OX25 Orchard DLX LT, Force motors Itd Sanman
5000, Force motors Itd Sanman 6000, Force
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motors Itd balwan 450, Force motors Itd balwan
400DLX.

Gromax Agri
Equipment Ltd
(Gromax make).

Gromax Trak star 545, Gromax Shaktiman 45
DLX.

Indo Farm
Equipment  Limited
(Indo farm make).

Indo Farm3035 DI C -Mesh Indo Farm3048 DI C -
Mesh.

10.

International
Tractors Ltd
(Sonalika make).

Sonalika international DI
Sonalika international DI -26Gardentrac, Sonalika
international DI -734 FE, Sonalika international

DI 35 HDM, Sonalika international DI -30 RX
Baagban Super 4WD, Sonalika international DI

730 Il FE, Sonalika international D | 740 Il CM
series, Sonalika international DI -35 SM, Sonalika
international DI -35 RX CM plus, Sonalika
international DI 750 |l HDM, Sonalika
international DI750 1 HDM s1, Sonalika
international DI 60 RX, Sonalika international DI

60 CM series 2 WD, Son alika international DI 750

Il super, Sonalika international DI 47 RX 4WD

WL, Sonalika international DI 745 IIl npower plus,
Sonalika international RX Mileage master super,
Sonalika international DI 42 HDM, Sonalika
international D147 RX 4WD, Sonalika
inte rnational DI47 RX Heavy duty, Sonalika
international DI Worldtrac 60 RX 4WD, Sonalika
international DI20 Garden trac, Sonalika
international DI 30 Baagban super, Sonalika
international DI740 Super CM series, Sonalika
international DI 35 DS CM series, Sonal ika
international World trac 60 RX.

-22 AWD Gardentrac,

11.

John Deere India Pvt.
Ltd. (John Deere
make).

John Deere 5042 D V3, John Deere 5045 D V2,
John Deere 5036D, John Deere 5105, John Deere
5036D V2, John Deere 5105 V2, John Deere
5039D, John Deere5039 D V2, John Deere 3038
EN, John Deere 3036EN, John Deere5310 V5,
John Deere 5310 V3, John Deere 5060 V2, John
Deere5060 E, John Deere 5310 V1, John Deere
5310v4, John Deere 5045 D 4WD V2, John Deere
5050D V7, John Deere 5050 E, John Deere5050

E V2, John Deere5050D V5, John Deere 5050D
V4.

12.

Kerala
Machinery

Agro

KAMCO Teratrac 4W.
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Corporation Limited
(KAMCO make).

13.

Kubota Agricultural
Machinery India Pvt
Ltd (Kubota make).

Kubota B2741, KubotaA211N, KubotaB2441,
Kubota L4508 DD, Kubota L -3408 DD, Kubota
MU5501, Kubot a MU5501 4WD, Kubota MU
4501, Kubota MU4501 4WD.

14.

Mahindra Swaraj
& Division
Mahindra
Ltd
(Mahindra
and Swaraj
make).

Swaraj 712 ES, Swaraj 724 XM orchard narrow
track, Swaraj742 FE, Swaraj 724 XM orchard,
Swaraj735 FE, Swaraj 843 XM, Swaraj 825 XM,
Swaraj 834 XM, Swaraj 735 FE JXPDS 540,
Swaraj 724 XM, Swaraj 735 XT, Swaraj 735Fee,
Swaraj 834 XM PXPDS540, Swaraj, Swaraj 744
FE Swaraj 855 FE, Swaraj744 XM, Swaraj 963 FE
ST, Swaraj 963 FE STR, Swaraj 960 FE.

M&M

Mahindra 215 YUVRAJ , Mahindra JIVO22
Mahindra B275 Di TU MKM, Mahindra255 DI
power+, Mahindra YUVo 415DI, Mahindra Yuvo
475 DI, Mahindra415 DI, Mahindra255DIPOWER
+0OID, Mahindraldivo245 DI, Mahindra265 DI
MKM, Mahindra475 DI MKM, Mahindra B275 DI
TU MKM, Mahindra 475D MKM DLX ,
Mahindra 575 DI MKM DLX, Mahindra275 DI
MKM, Mahindra275 DI TU MKM DLX,
Mahindra255 DI MKM DLX, Mahindra Yuvo265
DI, Mahindra Yuvo275 DI, Mahindra 605 DI,
Mahindra575 DI Power+, Mahindra605 DI PS ,
Mahindra Yuvo 575 DI, Mahindra 555DI Power
Plus , Mahindra 605 DI4W D S+ Mahindra605 DI
MS , Mahindra 575D MKM, Mahindra Arjun 555

DI, Mahindra585DI Power +,Mahindra 605 DI
CAB, Mahindra Yuvo 575 DI 4WD, Mahindra 605

DI MS 4 WD S+, Mahindra 605 DI Super turbo.

5 DI,

15.

Preet Tractors Pvt.
Ltd. (Preet make).

Preet3049 Challenger, Preet6549, Preet

955Challanger, Preet4549 Challenger.

Same Deutz -Fahr
India Pvt. Ltd.
(Deutz -Fahr make).

Deutz -Fahr Agrolux 45 E, Deutz -Fahr Agromaxx
45, Deutz -Fahr3042E, Deutz -Fahr3035E, Deutz -
Fahr3040E, Deutz -Fahr Agrolux55E, Deutz  -Fahr
Agrolux 55 E (12+3) 2 WD, Deutz -Fahr Agrolux
55E 2 WD, Deutz -Fahr Agromaxx 55 4WD Deutz -
Fahr Agromaxx 55, Deutz -Fahr Agrolux 50E,
Deutz -Fahr Agrolux 50 E 2WD, Deutz -Fahr
Agrolux 70 E, Deutz -Fahr Agrolux 70 E 2 WD,
Deutz -Fahr Agromaxx 50, Deutz -Fahr Agromax X
60 4WD, Deutz -Fahr Agromaxx 60 Deutz -Fahr
Agrolux 75 E Profiline.
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Ltd. (Trisul make).

16. Tractors Eicher 188, Eicher242 USJ, Eicher 241 XTRAC,
and Eicher Eicher 368 USJ, Eicher 242 XTRAC, Eicher 242
Farm XTRAC Premium, Eicher 31 2, Eicher 364, Eicher
Equipment 380, Eicher 480, Eicher 333, Eicher 485USJ,
Limited Eicher 551, Eicher 485 hydromatic, Eicher557,
(Eicher Eicher548.
and Tafe | TAFE TAFE MF 1035 V13, TAFE 30 DI orchard plus,
make). TAFE MF 1035 DI Mahashakti V1, TAFE MF 1035
DI V18, TAFE MF 1035DI V1, TAFE MF 241DI PP
4WD, TAFE MF 1030 Mahashakti, TAFE MF 1134,
TAFE MF 241 DI, TAFE MF 241 DI, Planetary plus
V1, TAFE MF 1035 DI V2, TAFE MF 6028, TAFE
MF 5245 DI 4WD, TAFE MF 7250 DI V1.1, TAFE
MF 5245 DI MAHAMAHAN, TAFE MF245 Di, TAFE
MF9000, TAFE MF9500 2wWD, TAF E MF9500
A4WD, TAFE MF5245Di planetary plus V1, TAFE
MF7250DI power drive power steering, TAFE
MF9500.
17. VST Tillers Tractors | VST Shakti VT180D HS/JAI -4W, VST Shakti
Ltd (VST make). MT180/JAl 2W, VST ShaktiMT180 D, VST Shakti
MT224 -1/AJAI -4W, VST Shakti MT270 Virat 4W,
VST Mitsubishi Shakti VT 224  -1D94WD).
18. Trisul Tractors  Pvt. | Trisull25 DI.

PRACTICAL EXERCISES

Activity 01: Make a list of different tractors make and model.
Material required

Pro

1. Pen
2. Notebook
cedure

1. Visitthe tractor dealer shop.
2. ldentify different types of tractors.

3.

Makes a list of different make and models of a tractor using newspapers,

websites, tractor dealers, government departments.

CHECK YOUR PROGRESS

A. Answer the following questions

1. Define the Hors epower.

2. What is the difference between wheel type and track -type tractor?
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3. What is the engine consideration while selecting a tractor?
4. Write the names of five tractor manufacturers along with two models of
each manufacturer.

B. Fill in the blanks

1. While cal culating, availability of time, for preparation of land one should
referto atleast 4-5 year s of
2. The ¢ééé available for compl eting a
important factor in deciding the horsepower range.

5.

7

7

ééé. records.

é

S

parti

s

éé. . [

ar e

3. The soil resistanceindi f ferent soi l conditions
eéé and in light soil it is | ow.

4. The tractor may have ¢éé é-éfficient amd Havingllesspr i c e,
mai ntenance and <cost o f eéée. part
available.

In certain crops weeding , intercultural, and plant protection operations
are required more éééééeeeéeé. to avoi

C. Match the following

d

construction work these types of
tractors are used.

Column A Column B
1. For the specific requirement of orchard A. Industrial tractor
and horticulture these tractors have
been developed.
2. These tractors are manufactured B. Crawler tractor
mainly for the specific requirement of
industry and airport.
3. In this type of tractor, engine power is C. Orchard special tractor
given to all four wheels to reduce
slippage and increase the drawbar
pull.
4. For heavy earthmoving and D. Four -wheel-drive tractor
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SESSION 3: COMPONENTS AND SYSTEM OF TRACTOR

In a tractor, power is generated from the engine which converts the chemical
energy of fuel into mechanical energy of power. The engine is called an internal
combustion engine because the fuel burns insides the engine. Four -stroke diesel

internal combustio n engines are used in tractors.

(A) Top view

OOBEEDOE

(B) Side view

15.
16.
17.
18
19.
20.
21.
22.

. Front wheel

. Fuel tank cap

. Accelerator pedal

. Brake pedal

. Steering wheel

. Hydraulic control lever
. Turn signal lamp

. Lift arm

. Rear tire

10. Instrument panel
11. Clutch pedal

12. Step

13. Seat

14. Rear axle housing

O~NO O, OWON -

©

Side clearance

Engine hood

Fan cover

Muffler

Fuel tank

Throttle lever

Main speed change lever
Fender

Fig. 2.13: Line Diagram of Tractor
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A tractor is made of the following main components:

1.

e S S
A wWN PO

© 0Nk WD

IC Engine

Clutch

Gearbox

Differential and Final drive

Power take -off

Steering system and Front axle

Brakes

Hydraulic system and Three -point linkage
Auto electrical system

Intake and Exhaust system

. Cooling system
. Fuel supply system
. Lubrication system

Governing System

Let us now learn about different systems of tractor -engine and sub
of engine system

Terminologies related to engine power

Spark plug or
J} fuel injector

Valve

Top Clearance Volume
dead center [ Bore
Stroke
Cylinder
wall
Bottom
dead center —Y—
Reciprocating
motion
Crank mechanism % =
Rotary

Fig. 2.14: Basic Parts of Engine Cylinder

Bore (d): Bore is the diameter of the engine cylinder.

-assembly

Stroke (L): It is the linear distance travelled by the piston from the top

dead centre to the bottom dead centre.
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3. Swept Volume : Itis the volume (A x L) that the piston displaced by one

stroke of the piston. Where A is the cross -sectional area of the piston.

4. Compress ion ratio: It is the ratio of the volume of the engine cylinder at

the beginning of the compression stroke to that at the end of the
compression stroke.
Compression ratio = Total cylinder volume/clearance volume

= (Swept volume + clearance volume)/clearance volume

5. Power : It is the rate of doing work. One horsepower is equivalent to 4500 kg
per minute.

I. Indicated horsepower (IHP): It is the power generated in the engine
cylinder and received by the piston. It is the power developed in the

cylinder without friction or auxiliary unit.
In the metric unit,

Indicated horse power (IHP) = (PLANX /(4500 x 2) (for 4 stroke engine )

Where,
P=mean effective pressure (kg/cm 2)
L = stroke length, (m)
A=cross sectiona | area of piston, (cm 2)
N = engine speed, rpm
X = no. of cylinder

TYPES OF ENGINES
Heat engines can be broadly divided into two types:
a) External Combustion (EC)

b) Internal Combustion (IC)

In an EC engine combustion of fuel takes place outside the engine whereas in IC

engine fuel combustion takes place inside the engine. The IC engine is of three

types: reciprocating, wankel, and rotary gas turbine. However, the reciprocating
type engine is the most commonly used.
The reciprocating engine can be further classified as Compression ignition

(Ch/Diesel engine and Spark Ignition (Sl)/petrol engine. Suction, compression,

power, and exhaust are four main events that take place in the reciprocatin

engine. In four -stroke engines, these events are completed by two revolutions of
a crank shaft or four strokes of the piston. However, in a two -stroke engine, these

four events are accomplished in a single revolution of the crank shaft.
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Multi -cylinder engines can be classified in different ways on the basis:
Cylinder arrangement

Valve arrangement

Type of fuel used

Number of operating cycles

Types of cooling

Type of ignition

ok wdhPE

COMPONENTS OF ENGINES

Engine (Exploded View)

Distributor Distributor Cylinder Head Cover

Cylinder Head Cover Gasket

Cylinder ;
Head S
{ - Intake
I\EIIXh&'lfuslzl ; Camshaft FRE e
anifo
: Ney Intake Manifold
; Gasket

Engine Block

Exhaust Manifold
Gasket Oil Pan

- ; Oil Filter
¥ i@\ Water Pump
\ Water Pump Gasket
Timing Belt
Drive Pulley

Drain Bolt /; V £ Pal
Gasket
Crush Washer Oil Pan
Drain Bolt

Fig. 2.15: Engine Components

1. Cylinder Head is at the top of the engine and houses the valves and has
intake and exhaust passages.

2. Valves open and close to let fuel in and exhaust gases out of each
cylinder.
3. Camshaft rotating in the engine block opens the valves by cam action.

4. Cylinder Block is the main housing of the engine and supports the other
main parts.

5. Cylinders are hollow tubes in which the piston works. They may be cast

into the cylinder block  or made of liners or sleeves.

6. Pistons move up and down in the cylinders by the force of comb ustion.

7. Piston Rings seal the compression in the com  bustion chamber and also
help to transfer heat.
8. Connecting Rods transmit the motion of the pis tons to the crankshatft.
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9. Crankshaft receivesthe force from the pistons  and transmits it as rotary
driving power.

10. Main bearings support the crankshatft in the cylinder block.

11. Flywheel attaches to the crankshaft and gives it momentum to return the
piston to the top of the cylinders after each downward thrust.

12. Balancers such as shafts or dampers, if used, balance the vibrations in
the engine.
13. Timing Drives link the crankshaft, camshaft, and other key parts

together to assure that each is doing its job at the right time.
Now, |l etdés try t get familiar with the main c
I. ICENGINE: An internal combustion engine  (ICE) is a heat engine in which the
combustion of a fuel occurs with an oxidizer (usually air) in a combustion
chamber that is an integral part of the working fluid flow circuit.
Principle Operation of IC Engine:

1. Four Stroke Cycle (Diesel Engine):

Intake valve Fuel injector Exhaust valve

Intake Compression Power Exhaust

Fig. 2.16: Four Stroke Cycle (Diesel Engine)

In four -stroke cycle engines, there are four strokes which are completed in two
revolutions of the crankshaft. These are respectively; suction, compression,
power, and exhaust strokes.  The working process of these strokes is as follows:
Step 1: Intake or Suction stroke: In this stroke only, inlet (intake) valve is open
and the outlet (exhaust) valve is closed.
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Step 2: Compression stroke: In this stroke both the intake and exhaust valve
are closed and fuel is compressed by the piston.

Step 3: Power stroke: During this stroke, the fuel and air mixture is compressed
inside the cylinder. Due to which the piston reaches the upper portion of th e
cylinder and this produces exhaust gases/power in the cylinder.

Step 4: Exhaust stroke: After the completion of the power stroke the exhaust
gases are ready to be released from the cylinder, thereafter the exhaust valve is
open but the intake valve remai  ns closed.

VALVE OPERATION
Valve operating mechanism consists of several components such as -
1. Crankshaft gear

2. Camshaft gear
3. Tappet
4. Pushrod
5. Rocker arm
3 ROCKER l
ARM
¢ VALVE
P s
R ) CAM
) FOLLOWER
t —~ <€———— CAMSHAFT

Fig.2.17: Valve Mechanism
VALVE TIMING DIAGRAM

A valve timing diagram is a diagram of crank rotation on which the time of
opening -closing of the inlet valve, the exhaust valve is shown in ( Fig.2.18).

The valve timing mechanism is concerned with the relative closing and
opening of valves and their duration with respect to the cylinder position a nd the
degree of crankshaft rotation. Top Dead Centre (TDC) is the instant when a
piston is at the top of its stroke i.e., it is on the point of changing from upward
to downward motion. Bottom Dead Centre (BDC) is the instant when a piston is
at the bottom of its stroke i.e., it is on the point of changing from downward to
upward motion. Theoretically, the intake valve should open on TDC and close at
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BDC. Whereas the exhaust valve should open on BDC and close on TDC, but
these angles differ in actual practi ce. Valve timing is a function of speed. For
most of the average tractor engines of the four -stroke cycle, the inlet valve opens
about 5° before TDC and closes at about 30° after BDC ; the exhaust valve opens
about 40°before BDC and closes at about 5° after TDC.

50 INLET VALVE OPENS

EXHAUST
-~ CLOSES

EXHAUST
CLOSES

SUCTION
STROKE

EXHAUST STROKE /,{ 7

' POWER
STROKE

INLET VALVE CLOSES | 'EXHAUST
VALVE OPENS

Fig. 2.18: Valve Timing Diagram
Various Systems of Engine

The engine is a very important parts of any vehicle. Every system of the engine
must work properly. The various systems in an engine are as follows:
1. Intake & Exhaust System
Cooling System
Fuel supply System
Lubrication System
Governing System

a bk wpn

1. INTAKE & EXHAUST SYSTEM: These systems are used for the intake and
exhaust of gas and fuel. An air intake system consists of pre  -cleaners, air
cleaners, intake manifold, and hoses.

a. Pre-cleaner: Pre-cleaners are fitted in the upper portion of air cleaners. These

are used to remove the large dirt/dust particles from the air before it enters the
air cleaner. It works on the centrifugal principle.
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GLASS BODY

BOTTOM

Fig. 2.19: Pre -cleaner

b. Air clean er: There are different types of air cleaners, but two types of air
cleaners are used in tractors;  Oil -bath type and Dry type. In an oil bath

-type air
cleaner, air enters through a central tube and moves downward into the oil in a
cup at the bottom.

L _ -~
SN AIR
OQUTLET
b=
P l o AIR
N = T OUTLET
TUBE i =T o
i VO l A MAIN
INNER 2 ‘-T’,-_ o ELEMENT
OIL CUP o [ I el
S /M el s
OlL
/ CupP
Fig 2.20: Oil bath air cleaner
In dry type air cleaner, there are three main parts: pre-cleaner , cleaning element
and main housing.
AIR DIRT CENTRIFUGAL PLEATED
INLET PARTICLES AIRACTION PAPER FILTER
[T -
SHIELD //L/

PRE CLEANING
STARTS

CLEANED
AIR OUTLET
DUST — \.
UNLOADING
VALVE

Fig. 2.21: Dry -type air cleaner

c. Intake manifold:

It is an enclosure on the side of the engine made up of cast
iron or aluminium alloy.
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d. Exhaust system: The exhaust system collects the exhaust gases from the
individual cylinders, cools them to reduce fire hazards, and reduces their energy
levels to provide a low noise engine.

Fig. 2.22: Exhaust System

e. Turbocharger: A turbocharger which is an exhaust -driven turbine, helps to
move air into an engine by pressurizing and increasing the density of the air in
the intake manifold.

Air inlet
N Compressor wheel

4,

Air outlet <= |
(to engine)

Turbine wheel

Exhaust inlet (from engine)

Fig. 2.23: Turboch arger

2. COOLING SYSTEM: The purpose of a cooling system in an engine is to
dissipate the surplus heat for the protection of engine components, maintain

the optimum temperature of the engine, and maintain the lubricating property

of the oil for smooth  functioning of the engine. There are two types of cooling

systems used in tractors engine - liquid cooling and air cooling.

a. Air cooling system: In air -cooled engine heat is conducted from the
working component of the engine to the atmosphere directly.

b. Liqui d cooling system: In a liquid cooling system, liquid jackets are
provided around the engine cylinder or liners. The circulating
liquid/coolant in these jackets absorb the heat from the cylinder surface
and then the heated water/coolant is cooled by passing through the
radiator.
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RADIATOR
MATRIX

THERMOSTAT

BYPASS
PIPE

COOLANT
CIRCULATION

PUMP

Fig. 2.24: Liquid Cooling System

In the radiator, heat in the coolant is released in the atmosphere with

the radiator core and radiator fan. First, the hot coolant moves from

the upper tank of the radiator to the lower tank through the radiator
core. Then the air spreads inside the radiator, and it transfers the heat

of the coolant outside.

It is a reservoir for a liquid to operate the cooling

system.

CrOLI L

« “'llﬂl'h
v ,_K\'\ummuummnmy//m

I i

T m\\\\\\\\‘
)

PRESSURE VALE VACUUM VALE

RADIATOR UPPER TANK

S X > S
= X OO KKK RADIATOR Core <X > >
%"0000000

TR

GASKET

OVERFLOW
PIPE

Fig. 2.25: Liquid Cooling System

To circulate the coolant through the system, the centrifugal
hot coolant from the engine block and forces it to the radiator for

3. FUEL SUPPLY SYSTEM:
into the engine combustion chamber where it gets mixed with h
air and ignites. It has the following components:

U Fuel tank -stores fuel.
U Fuel feed pump -moves fuel to the injection pump.
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In the diesel fuel system, fuel is sprayed directly
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U Sediment bowl assembly -collects dust particles.

U Fuel filters -helps clean the fuel.

U Fuel injection pump -times, measures a nd delivers fuel injection under
pressure.

U Fuel injectors -atomize and spray fuel into the cylinders.

U Combustion chambers.

Fuel tank : The fuel tank is made up of a mild steel sheet or fibre sheet of
sufficient capacity and suitable shape.

T m .l
SStiann s mming
3 { ‘ I' }—Injectlon
nozzle
+ 1t
Fuel filter
L [T

pump

H'H

inj[;z‘tailon }:L LH
—Hj

0= Fuel

tank

Fuel - supply
pump -0=- 0

Fig. 2.26: Fuel Supply System

Fuel feed/supply pump - It delivers the fuel from the tank to the injection pump
continuously and at a reasonable pressure.
Sediment bowl assembly: It is mounted between the fuel tank and fuel feed

pump. It removes the coarse impurities from fuel before entering to fuel supply
system.

Fuel filter : A filter present in a fuel line that screens out dirt and dust particles
from the fuel, and is normally made into cartridges containing a filter paper.
Mostly two -stage filters are used and it consists of the metal element, felt and
cloth element, and paper disc.

Fuel injection pump: It supplies fuel to the injectors according to the firing
order of the engi ne. It has a high -pressure pump in it. The fuel injection pump
is usually of two types:  Multi -element pump and Distributor (rotary) type pump.
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LEAK-OFF
4 PIPE

PERMANENT

! .

INJECTOR
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Fig. 2.27: Distributor (rotary) Type Pump

Fuel injector:  Fuel injectors deliver finely atomized fuel under high pressure to
the combustion chamber of the engine.

Combustion chamber: A Combustion chamber is a space inside the engine,
where the combustion of fuel takes place. Combustion chambers are of two
types: Direct injection chamber and Indirect injection chamber

Injector Injector

Pre-combustion
Chamber Giow plug
} Piston
A
Direct Injection Indirect Injection

Fig. 2.28: (a) Direct Injection Chamber (b) Indirect Injection Chamber
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4. LUBRICATION SYSTEM: The lubrication system prevents friction between
moving parts of the engine. It supplies adequate lubricating oil to prevent
excessive friction. Special additives are added to the engine oil to increase the
engine resistance towards corrosion, engine oil film also has a damping effect.

In most engines, oil is sucked out of the oil pan by the o il pump. This is a

part of the lubrication system:

1 Oil filter: It traps the dust, dirt, metal rubbings, and other foreign
materials. There are two types of filters that are used:

1. Full -flow filter:  In full flow filters the entire flow of oil is forced through

the filter before it reaches the lubrication points.

2. Bypass filter:  To remove almost all pollutants from motor oll, by -pass oll

filtration features a secondary filter.
Lubrication Methods: The three main methods of lubrication are as follows:

a. Splash lubrication: In this case, the oil is splashed onto different working
parts of the engine using big end bearing caps, small scoops, crankpin webs, or
dippers. These dips into the oil at every revolution and oil gets scattered or
splashed.

Oil pressure gauge

‘ l_ Camshaft
mﬁ Connepling
\ V) be\ar-ng RO{ Main bearing
i ) N L) —
. —
W T ——
1
“
N I { 4 T \. _/
= / Main bearing
Lower oil pan = =3 =

Oil strainer

Fig. 2.29: Splash Lubrication System
b. Force feed: A pump draws the oil from the sump in the crankcase, usually

through a mesh strainer, and force it at high pressure through the oil lines and
filter to the lubrication points. The oil pump delivers oil to the main gallery from
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where it passes through drill  ed holes to the main bearings, camshaft bearing,

and partially to the connecting rod bearing.
Piston

Connecting Rod @

Main Bearing ]

Oil Passage

Oil Passage 4 M7 "‘ A Oil Pump
[ \ A 4 '.t ;

( \ 5o

4 ) N

/ s W

Connecting Rod
Bearing

Fig. 2.30: Force -feed Lubrication System

c. Combination of splash and force -feed: In this method combination of both
splashes well as force -feed is used. Some parts are lubricated by splash and
some by force feed method.

5. TRANSMISSION SYSTEM:  The transmission system of the tractor consists of
the following components:

1. Clutch: To disconnect the engine from the rest of the transmission, so that
gear can be engaged or changed. This is how the engine can be brought to a
suitable speed before being put on the road.

2. Transmission/gearbox: It provides a means of varying the gear ratio between
the engine and the rear wheel, it transmits power at multiple speeds and
torque.

3. P.T.O. drive: It transmits torque from the engine to the PTO spline.

4. Differential: It transmits power around the corner to the drive axle and also
allows each drive w heel to rotate at a different speed and still propel its load.

5. Final drive: It gives the final reduction in the speed and increases torque to
the wheels.

6. Axle: The shaft and connecting parts, that transmits torque from the
differential or final gear reduct  ion to the wheels.

7. Rear wheels: The received torque is converted into driving force on
interaction with the ground surface.
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Fig. 2.31: Fuel Supply System

[I. CLUTCH SYSTEM
The clutch is a vital link in the power train. It connects and disconnects power
between the source (engine) and the receiver (transmission/gearbox).

Working Principle  of Clutch:  The clutch works on the principle of friction, when
one stationary surface is brought into contact with rotating surfaces, the
stationary surface also starts rotating. The driving plate or surface is a flywheel
that contacts with a clutch plate (made of friction material). The other plate is
known as the pressure plate.

Types of Clutches -

1. Disk and Plate type: One or more plates are brought together to transmit
torque.

2. Band type: An outside band is tightened over a rotating part to transmit
torque.

3. Overrunning type: Engagement is allowed in one direction, but the unit

freewheel in the other.

4. Magnetic type: A magnetic field holds both the clutch plates together,
allowing them to rotate as a unit.

5. Cone type: Two cone -shaped parts are engaged to transmit torque.

6. Expanding shoe type: An inner shoe is expanded to contact an outer part
to transmit torque.
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Pilot bushing or bearing in center
of flywheel or crankshaft, supports
the end of input shaft

Clutch Disc (friction disk) splined to transmission
Input shaft

Release Bearing

Release bearing
allows to push on
rotating

clutch fingers

Bolted to Crank

Pressu ~—
Bolted to flywheel - Applies " Release Fork

the spring force to clamp the S (clutch fork) pushes
friction disk to the flywheel Release bearing to release

rotating clutch
Fig. 2.32: Clutch

Operation when disengaged: When the clutch pedal is depressed, the clutch
release bearing moves forward against the operating lever. As the lever pivot, the
clutch bolts pull the pressure plate rearward to compress the clutch spring and
release the pressure applied to the clutch disk. It separates the driven disk from

the flywheel and pressure plate.

A
> |
11|

e
=
C
E
.
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AT TR It I

Fig.2.33: Clutch Engaged and Disengaged

Operation when engaged : When the clutch paddle is released, the compressed
clutch springs force the pressure plates to move forward to apply pressure to the
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clutch disk. Since the clutch bolts are secured to the pressure plate, the
operating levers force the clutch release bear ing rearward. This allows the plate
to clamp the clutch plate against the flywheel again. Now the flow of power is
connected between the engine and the transmission input.

[ll. TRANSMISSION/GEARBOX

It is a set of gear by which the vehicle is operated. Tractor rear wheels operate
ata much slower speed than the engine. The gearbox plays important role in
speed reduction.

Requirement of the gearbox -
1. To reduce the rpm from the engine before it reaches the wheel.
2. A means to back the tractor by reversing the direction of rotation of drive.
3. To provide the required torque or speed depending on the field requirement
or the operation being performed.
4. It provides a neutral position, so that engine and road wheels are
disconnected even when the clutch is in the eng aged position.

Principle:  Any combination of gear wheels using which motion is transmitted

from one shaft to another shaft is called a gear train. Consider a smaller gear

having 20 teeth is driving the bigger gear having 40 teeth asset. The smaller
gear revolves thrice as fast as the larger gear and the gear ratio will be 40:20

or 2:1.

Types of Gears: There are three types of gears -

1. Straight Spur Gear: On these, gear teeth are cut straight parallel to the axis
of rotation. Usually, one  or two teeth of one gear rema in engaged with the
other gear.

2. Helical Spur Gear:  On these types, gear teeth are cut obliquely across the
perimeter of gear instead of being cut straight.

3. Herring Bone Gear:  These are double helical gears with reversed teeth angles
on the opposite side. This causes the thrust produced by one side to be
counter balanced by the thrust produced by the other side.
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Straight spur Helical spur Herringbone
Fig. 2.34: Types of gears

Types of Gear Boxes:  In tractors, four types of gearboxes are used -
1. Sliding mesh g earbox
2. Constant mesh g earbox
3. Synchro mesh g earbox
4. Planetary g earbox

1. Sliding mesh gearbox: In this type of gearbox the selected main shaft gear is
slid over the main shaft to mesh with a corresponding gear on the
countershaft.

Sliding Sacond’ | gy

dog clutch  9°9 s:ejr
j Reverse

= =~ gear
Clutch <] =
gear e =
= i b o
s ——— ——
\ o d-h .
Clitch o \ Splined
shaft = = main shaft
=]
== =]
’ =]
Lay
Shaft

Fig.2.35: Sliding mesh gearbox

2. Constant mesh gearbox: Ina constant -mesh gearbox, the gear on the main
and countershaft are always in the engaged position. Dog clutches are used
to lock different gears to spinning input and output shafts in manual vehicle
gearboxes.
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Sliding Second | ow

dog clutch ~ 9°2 @7r
j Reverse

m =] gear
Clutch ]
gear ™ =
= B =
e —— - ———
’\ o d b .
Clutch = \ Splined
Shaft = --£oq--- main shaft

Lay
Shaft
Fig.2.36: Cons tant mesh gearbox

1. Synchro mesh gearbox: Synchromesh is an advancement over the
constant mesh gearbox. A synchronizing unit is provided to assist the
changing of gear. By matching the shaft speeds before allowing the dog
clutch to engage, a synchromesh system provides smooth engagement.

2. Planetary gearbox : In this gear system, the planet gear turns on its axis
while rotating around the sun gear shaft.

Ring gear shaft \_ VA >/ Sun gear shaft
: ,\ g

N

Carrier shaft

Fig.2.37: Planetr ar'y gear
V. DIFFERENTIAL AND FINAL DRIVE
Let us discuss these in detail -
(a) Differential: While turning, each wheel of a tractor covers a different
distance. The inner portion of the rear wheel covers a shorter distance than the

outside portion. Since speed is equal to the distance travelled divided by the time
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taken to cover that distance;  the wheels which travel a shorter distance move at

a slower speed. If the tractor did not have a differential, the wheels would have
to be locked together and forced to spin at the same speed. This will make it hard
for the tractor to turn on one wheel, and may also result in slipping of the tractor.

one wheel free to rotate

Fig.2.38: Differential

Differential Lock: Differential lock direc ts the power equally to both wheels by
locking out the differential. This prevents the loss of traction when one wheel is
slipping. Never use a differential lock when you are turning the tractor.

(b) Final Drive: It gives the final reduction in speed and also increases the torque
into the drive wheels. It is fitted near the rear drive wheel of the tractor.

Fig.2.39: Final Drive

Drive wheel: Itis a part of the transmission system in the engine. Wheels must

be strong enough to support the tractor and wi thstand the forces caused by
normal operation. At the same time, they must be as light as possible, to help

keep un -sprung weight to a minimum. A tyre is the key traction point on a
vehicle. They are responsible for transmitting power from your tractor to the field.
Tyres act as a buffer between the tractor and the road because they carry the

full weight of the tractor. The inflation pressure in the rear wheels of the tractor

63



varies between 0.8 to 1.5 kg/cm 2 and the front wheel varies from 1.5 to 2.5kg/
cma2,

Cross Ply Tyre Radial Tyre

Breakers Tread Tread
Steel belts

Cord body
-

Sidewall

Bead

Chafer

Uner Cores Lines Chafer
Fig.2.40: Tyre
Plyratng: A tire ply rating i s an expression
it i s more commonly expressed as o0l oad

connection to a tireds construction and
RIM SIZE: The width and diameter of the rim  are in inches. A rim designated
13.6 by 38 would refer to a rim measuring 13.6 inches across the rim flanges

and 38 inches in diameter.

WIDTH
Bead seat to bead seat

= 13.6"—=20].....
- DIAMETER
O Bead seatto
™ bead seat

L i

Fig.2.41: Rim Size
Ballasting: When working with heavy tools or high traction, ballasting involves

raising the weight of your tractor to improve tyre grip or decrease its centre of
gravity. The normal load on traction wheels can be increased by putting water or
air inside the pneumatic tyre tube. Filling water in the tube is water ballasting.
Generally, the tube is filled up to a maximum of 75% by ballasting.
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Track width adjustments: To increase the stability of the tractor on sloppy land,
muddy terrain, or inter -cultivation the wheel spacing of the front and rear track
can be adjusted as per ma nufacturer recommendation.

Rear Wheel Spacing (Standard Wheels)

Fig. 2.42: Track width adjustments

V. Power take -off: A tractor is used for a variety of tasks, including threshing
crops, pumping water from tube wells, spraying, and operating rotavators and
other rotary machinery. Tract  ors are usually equipped with a power outlet in the
back. Power Take -off (PTO) is the name of the power outlet. The gearbox provides
power to the PTO shaft. The gearbox's countershatt is frequently extended to the
back to serve as the PTO outlet.

Table. 2.2: Characteristics of PTO Types

PTO | Nominal diameter Number and type of PTO rated
type | (mm) splines rotational
frequency (rpm)
1 35 6 Straight splines 540
2 35 21 involute splines 1000
3 45 20 involute splines 1000

VI. STEERING SYSTEM AND FRONT AXLE

Let us discuss these in detail -

A. Steering system: The system, governing the angular movement of the front
wheels of a tractor is called a steering system. This system minimizes the efforts
of the operator in turning the front wheel with the applicatio n of leverages.
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The function of Steering System -
1. Control of front wheel (sometimes rear wheel) direction.
2. Transmit road feel (slight steering wheel pull caused by the road surface)
to the driverods hand.
Maintain the correct amount of effort needed to turn the wheels.
4. Absorb most of the shock going to the steering wheel as the tire hits holes
and bumps in the road.
5. Allow for suspension action.

w

Main Parts of Steering System -
1. Steering wheel

2. Steering column
3. Steering shaft
4. Steering drop arm
5. Steering gearbox
6. Pitman arm
7. Radius rod (optional)
8. Steering arm
9. Stub axle
10. Tie rod
\ Steering '—%
Spool valve
/
Worm
et
<o\ - — Steering
\ ~ = Cylinder
Steering ) Steering Rack
Reservoir Wheg! — link and
Gear e \ pinion
o
Pump.
™~ n\ Pistons ;
Fig.2.43: Steering System
B. Front Axle:  Front axle of the tractor is used to bear the full weight of the front
side of a tractor. ltds a rigid tubul ar

centre. To adjust the track width, the front axle has provision to be extended on
both sides. It has kingpin, steering arms using which machine can easily be
steered.
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STEERING GEOMETRY:
is not only meant checking of toe

View of 1. Outer Axle Retaining Bolts; 2. Centre Axle Assembly; 3. Outer Axle Assembly

Fig.2.44: Front Axle

1. Camber angle:
is called the camber angle.

Camber angle

Negative camber Positive camber

The angle between the plane

Fc (
i SO

Camber thrust

Steering geometry, usually called front end alignment
-in and adjusting the steering linkage.

items are part of steering geometry play an important role for easy and
driving.

Following
safe

of the wheel and the vertical

Let
w = Vertical load
Fm = Side thrust
Fs = Side force
F. = Cornering force
g =Camber angle

Fig.2.45: Camber Angle

2. Caster angle : It is the angle by which the kingpin is set at the back
vertical line drawn through the centre of

67

of a
the spindle body.



Castor Angle

o Steering
—AXis

Kingpin

Tire Contact Patch

Fig.2.46: Caster Angle

3. Toe-in: When the distance of the front wheel at the front is less than the
distance at the back of the front wheels, it is called toe -in.

Front

Fig.2.47: Toe -in

4. Toe out : When the distance of the front wheel at the front is more than
the distance at the back of the front wheels, it is called toe -0ut.

Fig.2.48: Toe out
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5. Kingpin Inclination : Centre line of the cambered wheel and the centre
line of the kingpin join at a poin t where the tyre is touching the ground.
The angle on which the kingpin is inclined is called the kingpin inclination.

Kingpin inclination

King pin or
steering axis
inclination

Scrub or pivot
angle radius

Fig.2.49: Kingpin Inclination

6. Dashboard: Itis a control unit indicator of the tractor.

Fig.2.50: Dashboard

Table. 2.3: Control/Dashboard

The Control/Dashboard of a tractor generally consists of the

following:

1 Engine speed -cum -digital | 1 This meter indicates the engine
cumulative digital run  -hour - hour as well as engine revolution
meter. per minute.
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1 Coolant temperature gauge |1 This indicates the temperature of
(with the colour zone). the coolant of the cooling system.

1 Fuel level gauge (with colour 1 This indicates the lubricating oil

zones). pressure in the system.
1 Lubricating oil pressure 1 This indicates the diesel fuel level
indicator lamp. in the tank.
1 Light switch. 1 The light switch is for light on or
off.
T Main switch. 1 When the ignition switch is on, the

electric current flows in the
electrical circuit.

1 Horn push button. 1 To push horn.

1 Battery charging warning | f This indicates the charge and
indicator lamp. discharge of the battery.

1 Turn signal indicator & hazard 1 Turn and hazard light indicator.

Light indicator.
1 Turning indicator two -way | While turning give the indicator.

switch.
1 Headlight (long beam) | Shows whether the headlight is on
indicator lamp. or off.
1 Hazard warning switch. {1 To indicate the hazard warning.
1 Hand accelerator lever. 1 This lever is for increasing or
decreasing the speed of the engine.
1 Fuel cut -off knob. 1 Itis designed to cut the fuel supply
to an engine.
91 Steering control wheel. 1 To steer the tractor.
91 Parking brake lever. 1 To apply the parking brake.

VII. Brakes: Brake is used to stop or slow down the speed of travel of a tractor
by applying frictional f  orces. Two types of brakes are normally used in tractors -
mechanical brakes and hydraulic brakes

1. Mechanical Brakes: This system is cheap and gives trouble  -free service, and

is simple to maintain. The mechanical brakes are again classified into two types
namely - shoe brakes and d isc brakes .
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(a) Shoe brakes - These are of two types, namely:
i. Internal expanding shoe brakes
ii. External contracting shoe brakes

I. Internal expanding shoe type: Two brake shoes made of frictional material
fitted inside the brake drum are held away from the drum by the means of
springs. One end of each shoe is the fulcrum, whereas the other is free to move

by the action of a cam that applies force on the shoes. The movement of the cam

is caused by the brake pedal through the linkage. The drum is mounted on the
rear axle, whereas the shoe assembly is stationary and mounted on the
backplate.

Fig.2.51: Internal expanding shoe type

ii. External contracting shoe type: The brake band directly surrounds the
drum mounted onthe dr  ive axle. When the pedal is depressed, the band tightens
the drum.

Brake
-

Lever

“

Brake
Band

Fulcrum

Brake Drum
Lining
Fig.2.52: External contracting shoe type

(b) Disc brakes - In this system, two actuating plates and two friction plates
work as a single unit.  The entire unit is fitted in the drum. Balls are fitted in
between the non -uniform cavity actuating plates and these plates are attached
by the springs. When we press the pedal, the actuating plates expand. Friction
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plates have inner splines attached to th e outer splines of the moving shaft. When
actuating plates expand, they force out the friction plates and friction plates are
attached to the moving drum, resulting in the application of the brake.

2. Hydraulic brake: 't works on Pascal lbd, whichiwusualyhe br ak e
a mixture of glycerine and alcohol, is filled in the master cylinder. When the

pedal is depressed, the piston of the master cylinder is forced into the cylinder

and the entire system turns into a pressure system. Immediately, the pis ton of
the wheel cylin der slides outward which moves the brake shoes to stop the rotat -
ing drum. When the pedal is released, the return spring of the master cylinder
moves the piston back to its original position, causing a sudden pressure drop

in the li ne. The retracting springs of the brake shoes bring them to their original
position, and the pistons of the wheel cylinder will also return.

VIIl. HYDRAULIC SYSTEM AND THREE -POINT LINKAGES

Before the introduction of three  -point linkage in tractors, implement like
mouldboard, cultivator and harrow etc., were pulled by tractors. Apart from this,

a depth control wheel was used for increasing/decreasing the depth.

Hydraulic system is based oobnePaedalodPsr elsaw
applied to a fluid in a closed container is transmitted with equal intensity
throughout the I iquid and at right angles to

s per Pascalds | aw, the basic principle of h

Liquid has no shape of its own.

The liquid is almost incompressi  ble.

Liquid transmits applied pressure in all directions.
Liquid provides a great increase in the work.

PN >

N X I

Fig.2.53: Hydraulic Jack
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Components of hydraulic system

1. Reservoir : Every hydraulic system should have its oil reservoir though some
of the tractor manufacturers build a common reservoir for transmission and
hydraulic.

2. Pump : Basically, the purpose of the pump is to push the hydraulic fluid and
create flow. Three types of pumps  are used in hydraulic systems, hereunder you
know about them in  figures 2.54, 2.55, and 2.56.

i.  Gear type pump
Master Gear
Casing

-

Drive Shaft

Suction Discharge

e

Gear Teeth

Slave Gear

Fig.2.54: Gear type pump

il. Vane type pump

Casing Slots

Cam Ring Sliding Vanes

> intel Port Outlet Port EE>

Spring

Shaft
Fig.2.55: Vane type pump
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iii. Piston type pump

P‘mnnl?lnd—-i

Stuffing Box
Bushing Flow

Fig. 2.56: Piston type pump

3. Valves: Hydraulic valves are classified into three categories: -

i. Pressure controls 0 There are different shapes and designs of valves and
may be known as pressure relief valve, cylinder safety valve, pump safety
valve, unloading valve, feathering valve, etc.

il. Flow controls & There are different shapes and designs of valves and ma
be known as differential valves, flow rating valves, slow -fast valves.

iii. Directional controls 0 There are different shapes and designs of valves
and may be known as spool valve, rotary valve, one -way valve/non -return
valve, check valve, control valve, slide valve, etc.

y

4. Hydraulic Cylinder: Cylinders can be classified as either single -acting or
double -acting.
Gravity
' S Return. g 7.@q
e | e

Raise Lower

| sincLE-AcTING |

| i AL —
]

— |

[ ] —

| = 1

[cousLE-AcTING |

Fig. 2.57: Hydraulic Cylinder

A single -acting cylinder consists  of a head -end port thatis operated hydraulically
in only one direction. Whereas, a double -acting cylinder has ports at both the
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head end and rod end. Pumping oil into the he ad end moves the piston to extend
the rod.

Tractor three -point linkage:  The tractor hitch system is that essential element
of the tractor, which binds prime mover and implement into a single working

unit. The tractor or the implement will not perform alo ne but must work together
like two wheels of a cart.

Lift Arm
Leveling
Assembly

Stabilizer
Bracket

Check Chain
Eye Bolt

Lift
Arm

Adjustable
Stabilizer
Check Chain Arm

Clevis

]’:f‘lk \e coco o ol o e o I

L ) A ¥ A\
) | L
Stay Strap r Swinging Drawbar Hanger
Drawbar Swinging Drawbar

Fig. 2.58: Three -point hitch system of the tractor

The tractor hydraulic system is connected to the implement through three -point
linkages, the three points are, two lower links and one top link. Bo th the bottom
link is connected to two lift arms through lift links. The lift arms are directly

mounted on a rock shaft which is further connected to the piston rod. So that,
every movement of the piston is transferred to the bottom links. The third hitch

point is connected through the top link. We can adjust the top link for connecting

the implements, and maintaining the level and suction angle of the implement.

In some tractors, draft sensing is also carried out through top links, while some

tractors are having lower link draft sensing.
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IX. TRACTOR AUTO ELECTRICAL SYSTEM

1. Battery: A battery is an electrochemical device that converts chemical energy into
electrical energy. Tractors use 12 volts of "lead -acid" batteries. The battery consists of 6
cells an d each cell produces approximately 2 volts.

The functions of the battery are:

1 A battery supplies power to the starter and ignition system to start the
engine. A battery also supplies the extra power, when the vehicle's
electrical load exceeds the supply  from the charging system.

1 Batteries act as a voltage stabilizer in the electrical system. An automotive
battery evens out voltage spikes and prevents them from damaging other
components in the electrical system.

1 It stores the current produced by the altern ator and to supply current to
critical systems in the event of a power outage.

Battery construction: Batteries are made of five basic components -
1. A polypropylene battery container.
2. Positive and negative internal plates made of lead.
3. Plate separators are made of porous synthetic material.
4. Electrolyte, a dilute solu  tion of sulfuric acid and water.
5. Lead terminals

Fig. 2.59: Battery
2. Charging System

Alternator:  An alternator operates on the principle when the flux linking a
conductor change and an electromagnetic force ( emf) is induced in the
conductor. In the alternator, conductors are held stationary and a magnetic field
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