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PREFACE
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We take pride in presenting this text book on Basic Automobile Engineering
Theory for the students of Higher Secondary and express our deepest grat-
itude to the learners, teachers and the SCERT for their enthusiastic support
and response.

In the preparation of this text book enough care has been taken to
introduce the fundamentals concepts to make the students to understand
the subject, in addition to dispensing advanced topics to keep the students
updated with the modern developments.

The interesting facts related to the subject are highlighted under “Do
you Know” box item. Suitable activities have been suggested to the stu-
dents to familiarise them with various components of the Engine and able
to obtain sufficient practical exposure.

Activities are included at the end of each chapter to encourage the stu-
dents to have an additional exposure in the process of learning. It is mainly
to make the students to acquire analytical skills and improve their under-
standing and also to help them for the purpose of examination. Students
are encouraged to learn the new topics from the related know old topics
and to practice critical thinking to get innovative idea required for voca-
tional education.

To facilitate further learning, reference books and websites have been
suggested for each chapter. Suggestions and constructive criticism are most
welcome to be duly considered and incorporated in future.

III
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~

Learning objectives are brief statements that describe what

~4 students will be expected to learn by the end of school year,
(G)) Learnlng Ob] ectives: course, unit, lesson or class period.
g J
( )
Chapter Outline Illustrate the complete overview of chapter
g J
~
4 Amazing facts, Rhetorical questions to lead students
m to Automobile inquiry
- J
-
C Stud To encourage you, the role model students who studied in
asciotudy this group and achieved in various fields such as employment,

self-employment and higher studies are mentioned in this
_ case study. J
( )

ACtiVity Directions are provided to students to conduct activities
in order to explore, enrich the concept. )
HOW TO USE o N
TH E BOO K Inngl‘ aphlcs Visual representation of the lesson to enrich learning .

g J

~
Evaluation [ Assess students to pause, think and check their understanding
y,
e N
To motivate the students to further explore the content
L digitally and take them in to virtual world )
~

-
Con cept Map Conceptual diagram that depicts relationships between -
| concepts to enable students to learn the content schematically )

e R
Career corner List of professions related to the subject
_ Y,
e R
References List of related books for further details of the topic
\ y,
e R
Web links List of digital resources
\ y,
~
Glossary [ Explanation of scientific terms
J
fng )
Competitive . . .
. Model questions to face various competitive exams
Exam questions )

vV
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N
Learning Objectives ),7:0

o To learn the relief procedure in case of emergency situations to the living

beings.

o To learn the road safety rules.

o To learn the handling of tools and equipments in the workshop.

INTRODUCTION

Safety rules are necessary to ensure

1.0

owners and employees not to injure themselves
or customers during operation in machines.
Perfection is required before doing the job,
during the job and after doing the job. For per-
fection in work, an operator should know the
handling of machine and equipment in a safe
manner. For example, a welder can use goggles
to protect the eyes from the heat and ultravi-
olet radiation produced by the welding. Other
safety devices can be used depending upon the
job. Such procedures to use proper safety in
devices and operation is called as safety rules.
The following are the classification of safety

rules depends on the place of work.

1. Safety in Shop floor

2. Self-Safety

3. Safety in Machines
4. Safety in Tools

5. Road safety rules
6. Vehicle safety rules

1.1 WORKSHOP SAFETY RULES

The following rules have been fol-
lowed in the workshop to ensure the safety of
all employees while operating machines. The

majour safety equipments are shown in Fig 1.1.

AM_Unit_0l.indd 2

10.

11.

12.

13.

. Always wear helmet and shoe in the

workshop.

. Always walk on the designated path.

. Don't talk or distract the other employees

during work.

. Without prior notice, do not disconnect or

connect an electrical connection.

. Operate the machine after proper training

and permission from authorities.

. Keep the tools in their designated places only.
. Keep the board “Under Fault” in the faulty

machines.

. Keep the first aid box at appropriate places

. Use appropriate dress code inside the work

premises.

When working with machine tools or other
equipment with rotating spindles, watches,

rings, jewellery, loose clothing etc., are pro-
hibited and long hair must be completely

covered.

Use proper material handling equipments

to transfer raw material.

Maintain clean and hygiene canteen, water

and restrooms.

An operator should not operate the
machine continuously for more than
8 hours. Provide break at the specified

intervals.

12/20/2019 4:19:06 PM
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14. Don't allow an ill operator to operate the 1.2 SELF-SAFETY
machine. An operator should prepare himself to
15. Exit path should be clearly marked and do the work correctly, effectively within the
the pathway should be kept clear of any stipulated time. This preparation will prevent
obstacles. the operator from accidents and such safety
16. All the safety rules and procedures should measure is called as self-safety. Figure 1.1
be meticulously followed by all the shows self-safety items and Figures 1.2 and
employees. 1.2(a) show their practice. The following are

self-safety rules and should be followed.

Always wear fit clothes.
Don’t have long hair.
Always wear shoe.

Ll

Operate a machine tool after getting proper

= : training.
. 5. Sharp tools should be kept only at the des-

@ @ ignated place.
' ' 6. Handle sharp tools with proper safety wear.
7. Operate the machine/vehicle after pre
— checkup.
8. Don’t wear watches, rings during work.
. .L. = 9

. Wear a helmet while travelling on a two-

wheeler. Wear a seat belt while travelling in

Figure 1.1 Safety Equipments the car.

Figure 1.2  Self-Safety in Work Place

D
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Figure 1.2(a)

10. Avoid having food, chats in the
workplace.

11. Ensure proper lighting and ventilation at

the workplace.

12. Don’t work with illness.

1.3 SAFETY PRECAUTION IN
MACHINES

The following are the safety rules to be
followed before the process, during the pro-
cess and after the process. Refer Figures 1.3,
1.3(a) and 1.3(b).

AM_Unit_0l.indd 4

Wear Fit Cloths in Self-Safety

. Don’t lean on the machine during its

working.

. Operate the machine after ensuring the

working condition of the machine.

. Equipment should be used with proper

safety guards, especially for rotating

parts.

. Ensure proper grease and lubrication oil

before the start of any operation.

. Stop the machine, if an unusual sound is

heard.

. Lubrication should be made periodically.

12/20/2019 4:19:08 PM
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UNGUARDED LATHE

Dangor and Emergency-Stop Bution Chuck Shield

SAFEGUARDED LATHE

Figure 1.3 Safety Precaution in Machines

7. Operate the new machine after under- 9. Don'’t service the machine during its
standing its operation. operation.

8. Lay proper foundation based on speed, 10. Clear visible note should be attached to the
weight and its operating features. machine when it is out of order.

Figure 1.3 (a) Safety Precaution in Machines

)
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Grinder Safety (cont)

UNGUARDED GRINDER SAFEGUARDED GRINDER

Disconnect, Motor Starter, ka
and Emergency Stop

Figure 1.3 (b) Safety Precaution in Machines

1.4 SAFETY PRECAUTION IN 5. Don’t over tight the hacksaw blade.
USING TOOLS 6. Always provide training on how to choose
Hand tools are a common part of our the right tool for the job, how to correctly
daily work lives. Hand tools like Hammers, use each tool, and how to identify when
wrenches, chisels, pliers, screwdrivers etc., tools need repair.
may look harmless, but they are the cause of 7. Use good quality tools and Keep tools in
many injuries. These injuries can be serious, good condition at all times. Inspect tools
including loss of fingers or eyesight. Hence for defects before use. Replace or repair
proper safety measure should be taken while defective tools.

in use. Refer Figures 1.4 and 1.4(a). 8. Carry tools in a sturdy toolbox to and from

1. Use files, chisels or other hand tools with the worksite.

proper handle. 9. Wear safety glasses or goggles, or a

2. Use appropriate coolants during cutting faceshield (with safety glasses or goggles)
operation.

3. Keep the sharp tools securely in
their protective covers before and after
use.

4. Select and Use the right tool for the job.
Substitutes increase the chance of hav-

ing an accident. For example, Don't use

a wrench as a hammer, screwdriver as a

chisel, file as lever etc.,

Figure 1.4 Safety Precaution in Using Tools

AM_Unit_0l.indd 6 @ 12/20/2019 4:19:10 PM
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Chips or dents Mushroom face Crack in Dents in
on face claw section hammer handle

Figure 1.4(a) Safety Precaution in Using Tools

and well-fitting gloves wherever road users include: pedestrians, cyclists, motor-
required. ists, vehicle passengers and passengers on

10. Do not apply excessive force or pressure on public transport mainly buses. Shown in Figure
tools. 1.5 and 1.5(a).

11. Do not use tools during electrical work
8 The following are basic road
unless they are designed for electrical work
safety rules.

(e.g., properly insulated).

12. Keep the workspace clean and tidy. Store 1. Pedestrians should walk on the

tools properly when not in use. footpath.

2. Use subway or foot over bridge to cross the

1.5 ROAD SAFETY road.

Road safety refers to the methods and 3. Use separate lane for the cyclist, low-

measures that are used to prevent road users speed vehicle, high-speed vehicle and

from being killed or seriously injured. Typical trucks.

PUBLIC PETROL HOSPITAL FIRST AID EATING LIGHT RESTING
TELEPHONE PUMP REFRESHMENT PLACE
s
THOROUGH THOROUGH PARK  PARKING LOT SCOOTER  PARKING LOT PARKING LOT
ROAD SIDE ROAD THIS SIDE & MOTOR CYCLE CYCLE CARS

Figure 1.5 Road Safety

D
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\

Figure 1.5(a) Road Safety

4. Ensure proper drainage of rainwater during 8. Sharp curve warning signal by the
the rainy season. signboard.
5. Usage of barricades to prevent animals 9. An indication of bridges, narrow roads
running on roads. through sign boards.
6. Obey traffic signals especially at 10. An indication of hospitals, tollgate, fuel
junctions. bunk, airport, railway station, unmanned
7. Laying of speed breaker at school zones / level crossing etc., at appropriate places
crossing roads. through signboards.
' »  WhatIs the 58 System? achieve greater organization, standardiza-
~ 5§ is the name of a work- tion, and efficiency-all while reducing costs
- KNOW? place organization method and boosting productivity.

-

that uses a list of five Jap-

anese words: seiri, seiton, seiso, seiketsu,

and shitsuke. In English, these words are

often translated to Sort, Set in Order, Shine,
Standardize and Sustain.

5S system is a lean manufacturing

tool that improves workplace efficiency and

eliminates waste. Managers and workers

AM_Unit_0l.indd 8 @ 12/20/2019 4:19:11 PM
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1.5.1 Mandatory Signs mandatory road signs are circular a white

Mandatory signs are road signs which background with a red symbol or white sym-

are used to set the compulsions of all traffic bols on a blue background with white bor-

which use a specific area of road. Manda- der. The violators are punishable under law.

tory signs tell traffic what it must do. Most Shown in Figure 1.5.1.

Some of the mandatory signs are given below.

oOVD

Stop Give way No straight ahead No entry

& @

. No vehicles in both .
One-way traffic No left turn No right turn

directions

® & @

No U-Turn No Over Taking Speed Limit 40 km No Parking

®

Turn left Turn right Keep left Keep right
Proceed straight Roundabout Pass either side Bicycles only

ahead

Figure 1.5.1 Mandatory Signs

)
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1.5.2 Cautionary Signs road condition. These symbols are black in

These signs are used to alert and colour within the red triangle on white back-

warn the driver to understand the upcoming ground. Shown in Figure 1.5.2.

A L

Left curve Right curve Narrow bridge Narrow road
Roundabout Traffic signals Level crossing with Uneven road
ahead ahead barrier ahead

Figure 1.5.2 Cautionary Signs

1.5.3 Informatory Signs the driver. This symbol is located along the

Informatory signs are used to indicate direction of travel. They are square in shape.
the location, direction and distance of fuel Shown in Figure 1.5.3.

bunk, hospital, toilet, alternative path etc., to

xl 1K

Airport Toll Road

Toilet

 S—

U-Turn Ahead Refreshment Sign  Public Telephone Bus Stop Sign
Sign Sign

Figure 1.5.3 Informatory Signs

5
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1.6 VEHICLE SAFETY

At present, usage
of the vehicle is highly
mandatory. Further, peo-

ple are travelling a large

distance in a shorter time.
Hence, they are using
their own vehicle to travel
at the required place without using the public
transport. It would be highly beneficial for the
vehicle owner if they understand the condi-
tion of their vehicles or else the vehicle may
breakdown during the travel. To avoid vehicle
breakdown, to safeguard the people travel-
ling, safety and warning devices are installed.
Situations like vehicle theft, an accident dur-
ing reversing the vehicle, on the four road
junctions etc., can be avoided with the help
of warning devices. This is called as Vehicle

safety. Shown in Figure 1.6.

Car safety features

Airbags

Rear crumple

Front seat belts
Side impact
bars

Collapsible
steering wheel

Figure 1.6 Vehicle Safety

1.6.1 Warning Indicator Used In
Vehicles

The following indicators are used to
indicate operating condition of engine and
vehicle with the help of gauges and warning

symbols. Shown in Figure 1.6.1.

Which of the information technologies/driving support systems

listed below would you like to use in your car?

Lane-keeping
LD system

Fatigue
539%0 RN
device

iUV Autopilot

o In-car video camera to
54% record accident incidents

Night Vision Device

Lane changing warning
systems/blind spot
warning system

= Front/rear end
VA6 collision alarm
warning

Figure 1.6.1 Warning Indicator used in Vehicles

AM_Unit_0l.indd 11
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1. Lubricating Oil Pressure Gauge
2. Engine Temperature Gauge
3. Fuel Gauge
4. Door Open Signal Indicator
5. Handbrake signal indicator

The following indicators are used to alert the driver through sound with the help of buzzer.

Safety systems high-strength stee! safety head rear crumple
side-guard
for side impact door beams
Figure 1.6.1.1 Seat Belt Alarm System

1.6.1.1 Seat Belt Alarm System to obstacles while parking. Car Parking Sensor

One should wear a seat belt while driv-
ing. If a driver or person forgets to wear the
seat belt, then it will alert the driver. Shown in
Figure 1.6.1.1.

1.6.1.2 Headlight Alarm System

Most modern vehicles have inbuilt
headlight alarms or automatic headlight switch
off functions. Sounds an audible alarm when
the ignition is turned off while the head lights

are turned on.

1.6.1.3 Reverse Parking Sensor

Parking sensors are proximity sensors

for road vehicles designed to alert the driver

AM_Unit_0l.indd 12

suitable for parallel parking, backing up your
car, distance keeping, especially in dark, rain

or any other poor rear visibility conditions.

1.6.1.4 Anti-Theft Car Alarm

Anti-theft systems are designed to
prevent your vehicle from being stolen. It
generates a loud alarm when there is a theft
attempt. When the intruder opens the door,
the circuit senses the attempt of theft and the
alarm will be activated. An anti-theft system
may also integrate a car alarm or it might be

just an engine immobilizer.

12/20/2019 4:19:13 PM
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1.7 Safety Devices

1.7.1 Air Bag

An airbag is a type of vehicle safety
device and is an occupant restraint system. The
airbag module is designed to inflate extremely
rapidly and then quickly deflate during a colli-
sion or impact with a surface or a rapid sudden
deceleration. It consists of the airbag cushion,
a flexible fabric bag, inflation module and
impact sensor. The purpose of the airbag is to
provide the occupants with a soft cushioning
and restraint during a crash to prevent any
impact or impact-caused injuries between the
failing occupant and the interior of the vehicle
like steering wheel, instrumental panel, struc-
tural body frame, headliner and windshield.
Refer Figure 1.7.1.

Figure 1.7.1

Airbag

1.7.2  Anti-Lock Braking System (ABS)

An anti-lock braking system (ABS) is
an automobile safety system that allows the
wheel to maintain tyre contact with the road
surface while sudden braking. It prevents the
wheels from locking up and it will avoid skid-

ding of vehicles. Refer Figure 1.7.2.

braking

begin braking

N

With ABS
1@

Without ABS

Figure 1.7.2  Anti-lock Braking System (ABS)

AM_Unit_0l.indd 13

>

@

1.7.3 Automatic Door Lock

Automatic door locks will lock all the
door simultaneously if the driver forgets to
lock the doors. This will increase the safety

of the car as well as things kept inside the car.

1.7.4 Steering Wheel Lock

Modern vehicles are fitted with a
steering lock and it is an anti-theft device. It
is fitted to the steering column usually below
the steering wheel. The lock is combined with
the ignition switch and engaged and disen-
gaged either by a mechanical ignition key or
electronically from the vehicles electronic

control unit.

1.8 FIRST AID

Even a person following safety rules,
there may be chances of an accident due to
sudden failure of hand tools or machines. In
such case, the medical assistance given to such
person before taking to the hospital is called
as First aid. First aid is provided to preserve
life, prevent the condition from worsening
or to promote recovery. First aid is generally
performed by the layperson, with training in

basic levels of first aid.

First Aid was started by S. Mark in the year
1823. A First Aid Kit should have the fol-

lowing contents. Shown in Figure 2(a).

1. Tincture Iodine
Tincture Benzene
Dettol

Burnol

Boric Powder

Meshed Cloth

AN o

12/20/2019 4:19:14 PM
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First Aid: Convulsions

Loosen tight
clothing

Cushion the
person’s head

First Aid: Convulsions

on his side

Figure 2 First Aid

O

o
a&an

|

=
[ '

AM_Unit_0l.indd 14

7. Cotton

8. Small Scissor
9. Knife

. Plaster

. Small bamboo strips

. Blade

Lay the person
on the ground

. Hydrogen peroxide, etc.,

1.9 IMPORTANT THINGS TO
NOTICE

1. If patients are severely injured, he has taken

Turn the person

immediately to the hospital or arrange for a

doctor visit.

2. Level of first aid depends upon the severity
of the injury.

3. Bleeding of blood should be stopped,
especially if the patient is in the

unconscious.

I
FIRST AID

EMERGENCY MANUAL
™

HYDROCORTISONE |

ASPIRIN ovoor
STERILE
GAUZE PADS
INSTANT  §
Figure 2(a) First Aid

)
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1.10 IF DUST FALLS ON EYE indicators etc., of an automobile. Refer Fig-
1. If dust or metal chip falls on the eye, do not ures 3 and 3(a).

press or squash the eye.
2. Pull the upper eyelash down.

3. Ifthe dust in the eye reaches one end of the
eye, the dust can be removed with the help

of a clean wet cloth.

4. Consult the eye doctor, if necessary.

1.11 PROCEDURE TO HANDLE
VEHICLE DURING
EMERGENCY

A lot of developments are made in

the field of automobile engineering. It is
easy to operate a vehicle and journey is more
comfortable, hence most of the people pre-

ferred self — driving when travelling to their

required place. Hence it is highly essential to
understand the principle of operation of the

warning system, dashboards instruments, Figure 3(a)

» Ministry of Labour and Employment (India)

: ow? Ministry of Labour & Employment

The Ministry of Labour and Employment is India’s federal ministry which is respon-
sible to protect and safeguard the interest of workers in general and the poor, deprived and

disadvantaged sections of the society.

The Ministry aims to create a healthy work environment for higher production and

productivity and to develop and coordinate vocational skill training and employment.

However, Skill Development responsibilities, such as Industrial Training and Appren-
ticeship responsibilities were transferred to the Ministry of Skill Development and Entrepre-

neurship from 9 November 2014

The Ministry launched the National Career Service portal on 20 July 2015 to help bridge

the gap between job providers and job seekers

>
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Running a vehicle AC when a vehicle edge on the detachable vehicle headrest can
at a stop, locking all the doors and windows be used to break a vehicle’s window glass. It
when kids are inside is not advisable. This is better to avoid sleeping inside the car, lock
may cause injuries and accidents and difficult the kids inside the car, chatting long hours
to come out when vehicle catches fire, or dur- inside the locked car.

ing suffocation. In such case, with the sharp

Student Activity <é

%’& References
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SAMPLE QUESTIONS
Choose the correct answer:
1. Name the rules that are used to ensure the 6. Explain any five points on machine safety
employees and equipment’s from accident precaution.
a) Vehicle safety rules 7. Explain any five-safety precaution on the

b) First aid
c) Safety rules

tools.

8. Define First Aid.

2. Name the device which is to be used 9. what are the basic materials required for

during welding to protect eyes.

First Aid?

a) Airbag b) Goggles A

¢) Helmet 10. Explain some important points of the First
Aid.

3. Which device is to be used to protect

from Head injury? 11. what is road safety?

a) Cap b) Goggles 12. Write five points to be considered on road
c¢) Helmet safety.

4. Maximum working hour for an Opera- 13. What is meant by mandatory symbol of the
tor should not exceed traffic signals?
a) 4 hours b) 6 hours 14. Draw and explain any three-mandatory
c) 8hours symbol used in traffic signals.

5. What is the abbreviation of ABS? 15. What is meant by cautionary symbol of the
a) Anti-lock Braking System traffic signals?
b) Anti Brake System 16. Draw and explain any three-cautionary

c) Air Brake System symbol used in Traffic signals.

Answer the following questions: 17. What is meant by Informatory symbol of

the traffic signals?

1. Explain about safety Precaution. , ,
p Y 18. What are the various precautionary alarms

2. Classity the types of safety precautions. used in the vehicle?

3. Write any five points on precautions about 19. What are the various instruments that

safety in shop floor. are connected with Dangerous sound

4. Define self-safety precaution. alarms?
5. Explain any five points on self-safety 20. Explain about ABS.
precaution.
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Instruments and
Unit Measurements

2.0 Introduction
2.1 Ordinary Tools
2.1.1 Hand Tools
2.1.1.1 Spanners and Wrenches
2.1.1.2 Pliers
2.1.1.3 Hammer
2.1.1.4 Punches
2.1.1.5 Screw Drivers
2.1.1.6 Hacksaw Frame with Blade
2.1.1.7 Files
2.1.1.8 Drill Bits
2.1.2 Bench Tools
2.1.2.1 Ordinary Bench Tools
2.2 Power Tools
2.2.1 Drilling Machine
2.2.2 Grinding Machine
2.2.3 Welding Machine
2.2.4 Vulcanizing Machine

2.3 Garage Tools
2.3.1 Direct Tools
2.3.2 Indirect Tools
2.3.3 Machinery & Special Tools
2.3.4 Electric Tools
2.3.5 Pneumatic Tools
2.3.6 Special Tools
2.3.7 Screw Jack and Horses
2.3.8 Hydraulic Power Tools
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Learning Objectives ;—;’@

» To learn the importance of present day tools.

o To learn the range and characterisation of measuring instruments.

2.0 INTRODUCTION:

Whenever we do any work, we need to
keep in mind that the work should be done in a
simple and quality manner with minimum time
and material damage. To complete the work as
per the above statement, we need instruments.
At the same time the amount of pressure, tem-
perature, fuel and electricity which applied
on the job at each stage should be known, for
this purpose measuring tools are used. By the
use of measuring tools, the supply pressure,
temperature, fuel supplied and electricity con-
sumption is monitored and controlled and
the job is done with good quality. The most

important thing in choosing the instruments

Tools
/_ claw

hammer

mallet

head

and measuring tools is based on the nature of
the work and working environment. Depends
on the conditions, instruments, and measure-

ments are classified into many types.

« In automobile service stations, various
types of tools, equipment and machines
are used. To understand the purpose of
tools, they are mainly classified into two
types. Figure 2(a), 2(b) shows Ordinary
and Power Tools, Tool Trally

They are,

1. Ordinary Tools

2. Power Tools

thread bolt nut
' LS
wmsher

P
)
S

scissors

nail screw

blade

penknife

Figure 2(a)

AM_Unit_02.indd 20

adjustable spanner

—
wviire cu

chisel

spanner

:
llers\

pliers

toolbox

Ordinary and Power Tools

20

@
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2.1.1 Hand Tools

In automobile industries or in facto-
ries, the tool which are able to carry in hand, in
and there where the defected vehicle is located
and by means of which the defects are cleared
is known as hand tools. Depends on the han-

dling, hand tools are classified into many types.

1. Spanners 5. Screwdrivers
< 2. Pliers 6. Hacksaw
Figure 2(b) Tool Trally
3. Hammers 7. Files
4. Punches 8. Drill Bit
2.1 ORDINARY TOOLS 2.1.1.1 Spanners and Wrenches
In the automobile industry, the tools a) Open-Ended Spanners
which are used to handle the small defects )
b) Ring Spanners
in the vehicle are called as ordinary tools.
Depends on the handling, these tools are clas- €) Box Spanner
sified into many types. d) Adjustable Wrench/ Pipe Wrench
e) Spark Plug Spanner (Or) Tubular Spanner
They are, f) Allen Wrench
1. Hand tools a) Open-Ended Spanner

2. Bench tools Both single-ended spanner and dou-
3. Machine tools ble ended spanner are inclusive of this type.
4. Special tools. Figure 2.1.1.1 shows Spanners. It is used to

Combination Spanners Ring Spanners

PN
-

Double Open Ended Spanners Other Special Spanners

/

/

Figure 2.1.1.1 Spanners

5
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loosen and tighten the four and six flat head
bolt and nuts. It is made up of with Chro-
mium, Vanadium and Alloy Steel metals. In
all the spanners their sizes are mentioned in
terms of mm or inch. Open Ended Spanners

are shown in Figure 2.1.1.1(a).

)= —C

Figure 2.1.1.1(a) Open Ended Spanner

Sizes of Spanner

e 6-7mm e 18-19 mm
e 8-9mm o 20-22 mm
e 10-11 mm e 21-23 mm
e 12-13 mm o 24-27 mm
e 14-15mm o 25-28 mm
e 16-17 mm o 27-32 mm

b) Ring Spanner
This type of spanner has ring shape

on both the ends or at one end, with the ring
portion is subdivided into 12 flat. It is used
to loosen and tighten the four flat and six flat
bolts. It is used in crucial and critical places
where the other spanners are not able to
loosen and tighten the bolts and nuts. Shown
in Figure 2.1.1.1(b).

2—0
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2)

@ ( )

Figure 2.1.1.1(b)

O

Ring Spanner

c)

Box Spanner

It consists of with two portions namely
head (Box or Socket) and handle. Different
combination of socket and handles might be
used for different purpose. Small Handle, T
Handle, Long Handle, and ‘U’ Joint Revers-
ible Ratchet are the handles which are com-

monly used. Shown in Figure 2.1.1.1(c)

/ |

Figure 2.1.1.1(c) Box Spanner

d) Adjustable Wrench and Pipe Wrench

This is an arrangement in which the
holding edge can be varied. There will be a fixed
jaw and a moving jaw. By rotating knurled nut
the moving jaw can be moved to the desired
extent. An adjustable wrench can be used in
rotating the bolt and nut. It is made up of high
carbon steel. The pipe wrench is used for tubu-

lar cross section. Shown in Figure 2.1.1.1(d)

= O

Figure 2.1.1.1(d) Adjustable Wrench and
Pipe Wrench

12/20/2019 4:25:24 PM



®

www.tnschoolbooks.in

e) Spark Plug (Or) Tubular Spanner

It is used to tighten or loosened the
BOLT or NUT which are in pits. And also It
is used to tighten or loosen the spark plug. So
that, It is also called as Sparkplug spanner. Fig
2.1.1.1(e) shows Spark Plug Spanner.

Figure 2.1.1.1(e) Spark Plug Spanner

f) Allen Key

It looks like ‘L’ shape which had the six
edges. It is used to loosen or tighten the bolts
which are having the six edges of the bolt

head. It is available in both metric and inch

scales. Likewise, it is also available in ‘mm.
It is made up of high graded alloy steel. Fig
2.1.1.1(f) shows Allen Key.

Figure 2.1.1.1(f) Allen Key

Various Sizes of Allen Key

e 2.5 mm e 5mm ¢ 8mm
¢ 3 mm e 6 Mmm ¢ 10 mm
¢ 4 mm e 7 mm e 12mm

2.1.1.2 Pliers

Plier is the tool which is used to do the
bending, tearing, hardening of the thin wire,
cutting, squeezing and pressing of the wires.

Types of Pliers shown in Fig 2.1.1.2.

Premium Quality Pliers

Euro lineman’s plier USA lineman’s plier

<o e

Cobra plier

Sm——

Alligator plier

m Wire rope cutter

Pliers wrench

Crimping plier

(R ;
(N5
'~ L e—
Raptor plier Twin force diagonal cutter

Electricians four in one plier

Bolt end cutting nippers

u———

High leverage end cutters

Mechanics pliers

Insulation strippers

Precision end cutters

——

Curved jaw plier

Figure 2.1.1.2 Plier

D

@
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Types of Plier

a) Electrician Plier
b) Long Nose Plier
c) Circlip Plier

a) Electrician plier

In this two jaws are able to open to a
certain limit. Inside of this have groves which
are cut in terms of lines. These pliers handles
are insulated with plastic material. Due to the
above reason, these types of pliers are called as

electrician plier and are used by the electricians.

Electrician Plier is shown in Fig 2.1.1.2(a).

Figure 2.1.1.2(a) Electrician Plier

b) Long Nose Plier

This is mostly used for twisting the
wires. That is, to grab and enlarge the wire in a
tight way. It is made up of with Iron Alloy met-
als. Long Nose Plier shown in Fig 2.1.1.2(b).

e
W

Figure 2.1.1.2(b) Long Nose Plier

2.1.1.3 Hammer

According to the need of the work, ham-
mers may be used with different shapes and
weights. The main purpose of using a hammer is
to perform the operations like punching, bend-

ing and riveting. Hammer is shown in Fig 2.1.1.3.

Types of Hammer
a)
b)
9)
d)
e)
f)

Ball Peen Hammer
Cross Peen Hammer
Straight Peen Hammer
Sledge Hammer
Mallet Hammer

Claw Hammer

a) Ball Peen Hammer

Its head is in the round like shaped.
Due to this structure, it is called a ball peen
hammer. It is mainly used for to perform the
riveting operation. Ball Peen Hammer shown
in Fig 2.1.1.3(a).

Figure 2.1.1.3 Hammers

>

@
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Figure 2.1.1.3(a) Ball Peen Hammer

b) Cross Peen Hammer

A cross PEEN hammer is a hammer
used by blacksmiths to complete metal work.
The wedge-shaped end of the hammer allows
you to make the metal puller when used with
heat. The main functions of a cross peen ham-
mer are forging and riveting. Forging is a pro-
cess in which you heat a single piece of metal
and use tools to obtain a particular shape. Fig

2.1.1.3(b) shows Cross Peen Hammer.

Figure 2.1.1.3(b) Cross Peen Hammer

c) Straight Peen Hammer

In this hammer, either side of the face
does not have any projections, unlike other
hammer types. This is used for general purpose.

Fig 2.1.1.3(c) shows Straight Peen Hammer

_]

Figure 2.1.1.3(c) Straight Peen Hammer

AM_Unit_02.indd 25
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d) Sledge Hammer

The weight of this hammer is two or
three times more than the ordinary type ham-
mer. This is mainly used for blacksmith pur-
pose. Their handles are made only of wood.
Fig 2.1.1.3(d) shows Sledge Hammer.

Figure 2.1.1.3(d) Sledge Hammer

e) Mallet Hammer

This is often used for SHEET METAL
jobs. MALLET HAMMER can be used to
adjust curves in some sophisticated and
smooth objects. This makes the vehicle more
useful during tinker. Fig 2.1.1.3(e) shows

Mallet Hammer.

Figure 2.1.1.3(e) Mallet Hammer

Claw Hammer

)

It is used to split the nail and to general

jobs. Figure 2.1.1.3(f) shows Claw Hammer

( |

Figure 2.1.1.3(f) Claw Hammer
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2.1.1.4 Punches

Punch is used to place a punch at the
drilling point before drilling an object. It
makes drilling easier. Its node will be at many

angles. It is categorized as such.

Centre Punch
Dot Punch
Prick Punch
Hollow Puch

a)
b)
<)
d)
e)

Letter / Number Punch

Centre Punch

a)
In the drilling jobs, the edge of the drill

unit has to be at and rotate. For this small and
wide punch is made at the center. It is called

as center punch. It’s angle 90°. Fig 2.1.1.4(a)

shows Centre Punch.

Centre Punch

Figure 2.1.1.4(a)

b) Dot Punch

The lines which are drawn by the
scriber can be made clearly visible by using dot
punches. In this dots are put over the line. Its
angle is 60°. Fig 2.1.1.4(b) shows Dot Punch

X

60"

Figure 2.1.1.4(b) Dot Punch

AM_Unit_02.indd 26

¢) Prick Punch

Deep points are made of the soft met-
als and some tactical works with the help of
prick punch. Its angle is 30°. Figure 2.1.1.4(c)

shows Prick Punch.

Prick Punch

Figure 2.1.1.4(c)

d) Hollow Punch

The tool which has a hollow section
inside the nose is used to cut the hole in the
skin, rubber card etc. This tool is called as hol-
low punch. Fig 2.1.1.4(d) shows Hollow Punch.

Figure 2.1.1.4(d) Hollow Punch

e) Letter and Number Punch

In this punch, the letters or numbers
are labeled or cut over the punch in order to
punch letter and number in places where we
need them. These types of punches are made
up of high carbon steel. Fig 2.1.1.4(e) shows
Letter and Number Punch.

Figure 2.1.1.4(e) Letter and Number Punch

2.1.1.5 Screw Drivers

The screw driver is used to fix or remove
the screw based on the requirement. Refer Fig-
ure 2.1.1.5(a). The screwdrivers are classified
mainly based on their tip shape and their types

are given below.

12/20/2019 4:25:25 PM
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Types of Screw driver 2.1.1.6 Hacksaw Frame with Blade

. It is used to cut metal items, unnec-
a) Star Screw Driver

) Ratch Dr essary portions, cutting wire, bar and tap.
) Ratchet Screw Driver The frame is made up of mild steel and blade

¢) Offset Screw Driver is made up of low alloy steel. The tip of the

Different types of Screw Drivers are teeth, which is 250 MM to 300 MM alone, can

shown in Fig 2.1.1.5(2). be hardened by heat treatment process. The
gap between the two tips is called pitch. Fig
( “~—" 2.1.1.6 shows Hacksaw Frame with Blade.
’4 ::

Figure 2.1.1.5(1) Screw Driver

a) Star Screwdriver

This is mainly used to screw and st L—"

WING NUT
ADJUSTER

unscrew the star-shaped screw heads. m—
b) Ratchet Screwdriver Figure 2.1.1.6 Hacksaw Frame with Blade

Screwdrivers with the ratchet system Type of hacksaw frame with blade:

are often used to screw and unscrew the large . Solid Type

number of long screws in the long run. II. Tubular Type

D —= L

FLARED TIP FLARED TIP
OL__= L
FLARED TIP GROUND ON EDGES REED AND PRINCE
VI QD =[ _
FLARED TIP ON SQUARE BLADE CLUTCH HEAD
D= @
PARALLEL TIP ROBERTSON
<L =
PHILLIPS TORX

Figure 2.1.1.5(2) Different Types of Screw Driver

)
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Solid Type Square Triangle Round
o Fixed type |\:|l‘l|I'all'l'||:':‘l|l':';' ia |l||'|'|||‘d‘ll|
« Adjustable type |:n:|:|:|:.:|:|:u:-:;:u:a:-:.: v't'l'i:v:o'l't:a'u'u'u:u
Tubul blll'l'l'lll'l.l‘lll.lll i A 't'|fo‘|||'|‘|‘|:|:|'a
ubular type ' - n
. Fixed type Half Round Mill Flat
o Adjustable type T I
Figure 2.1.1.7(a) Shapes of file

2.1.1.7 Files

The main task of this file is to remov-
ing the small size of the materials in the work-
shops. The metal is extracted when it is pushed

forward in the workload. Fig 2.1.1.7 shows File.

Point Face

Heel

Length (Swiss)———
Length (American)

Figure 2.1.1.7 File

The files are classified based on the

shape and kind of cut and are listed below.

a) Shape (or) Cross Section:

Fig 2.1.1.7(a) shows different shapes
of File.

1. Square File

2. Flat File

3. Half Round File
4. Triangular File
5. Knife Edge File

I
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b) Kind of Cut

Fig 2.1.1.7(b) shows different of files

based on kind of cut.

1. Single Cut File

2. Double Cut File
3. Rasp Cut File
4. Curved Cut File

..... LA
WALLLALAL
AALA LAl
MALLLAAA

vvvvvvvvv
T '
AL LAAAM

Curved
Tooth

Figure 2.1.1.7(b) Files based on kind of cut

Double
Cut

Single
Cut

Rasp
Cut

Single Cut File

The teeth of the files are cut in the
same way as 60°. It is used to rub the unnec-
essary metal in soft metals. And it is also used

to sharpen the teeth of the saw.

Double Cut File

In the facade, the teeth are cut in both
directions. The overcut teeth are cut in 700’s
and the uppercut teeth are cut in 510. It is

used to rub the hard metal, such as iron steel.
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Rasp Cut File

This is a file of teeth that are separated
by straight and parallel lines. The face of the
teeth is slightly upward compared with the
file face. It is used to work on smooth materi-

als such as wooden, leather, aluminium.

Curved Cut File

It is capable of cutting deeply. It is used
to work on smooth materials such as alumin-

ium, tin, copper and plastic.

2.1.1.8 Drill Bits

Fig 2.1.1.8 shows the different types of
Drill Bits. Round shaped rotating drill bit is
called as twist drill bit. If a job is drilled from
top to bottom is called through hole and if a
job is partially drilled for a distance then it is
called as blind hole. The drill bit is made up of
High-speed steel. It has the polygonal cutting
edge. The types of drill bits are given below.

m§ Ti-coated
“ Black oxide
RIS rmberfinished
i L X Bright finished
m Rainbow color

Figure 2.1.1.8 Drill Bits

Types of Drill Bits

o Straight shank twisted drill bit

o Taper shank twisted drill bit

2.1.2 Bench Tools

It is not possible to have all the correc-
tive measures for the damaged vehicle at the
particular location itself. Due to this, some
defected parts are removed from the vehi-

cle. These parts are then brought back to the

AM_Unit_02.indd 29

Bench Tools
Y
v )
Ordinary Bench Tool Electric Bench Tool
A
Anvil Bench Drilling Machine Hydraulic Press
Bench Vice Bench Grinding Machine Hydraulic Puller
Surface Plate Welding Machine Air Compressor
Pipe Vice Vulcanizing Machine
Arbor Press

S
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service station and repaired with the tools. This to fold, or to tighten the bolt and nut, to retain
process of repairing is known as bench tools. the nipple. It is connected to the bench-lob
Bench tools are classified into many types. holes in the workshop. The two jaws in it are

used to tighten the object to work. Fig 2.1.2(b)

2.1.2.1 Ordinary Bench Tools shows Bench Vice.

Tools which are used to repair the

defected parts of the vehicle in the service sta-
tion are known as ordinary bench tools. Tools
which are used for this purpose are described
below. Fig 2.1.2(a) shows Anvil.

a) Anvil

It is used to repair the Bending, shear-
ing, and rolling of the iron and sheet metal

parts in the required manner.

Figure 2.1.2(b) Bench Vice

c) Surface Plate

The surface plate is used to check

whether the surface of the repaired part is equal
to the surface plate, to adjust the size lines and

to verify the corners are in the level. It is made

of heavy iron plate. Its surface will be equal and

erroneous. Figure 2.1.2(c) shows Surface Plate.

| [ | 1

Figure 2.1.2(a) Anvil

b) Bench Vice

A bench vice is a device used for cut-

Figure 2.1.2(c) Surface Plate

ting or rubbing portions of the spatial part or
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d) Pipe Vice by hand without operating by electricity, fluid

This type of pipe vice is used to hold or wind. Fig 2.1.2(e) shows Arbor Press.

the cylindrical shape parts for to tighten,
loosen, tear or cut. This action is similar to

bench vice. Fig 2.1.2(d) shows Pipe Vice. Ram

Plate7 =.
Base

Figure 2.1.2(e) Arbor Press

Figure 2.1.2(d) Pipe Vice 2.2 POWER TOOLS

With the use of hand tools, tightening

e) Arbor press and loosening of nut and bolt and drilling

This type of bench tool is made with is not as simple. It consumes more effort
our hand-operated system. This type of and time. To complete these types of work
press is used to tightening and loosening the in an effective and quick manner, electric,
bearing, gears, pulleys and straightening the hydraulic, pneumatic tools are used. It is
shafts. This instrument runs on lever theory. named as power tools means. It is classified
The mechanical press is named as it operated depends on the nature work. They are
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p—

. Drilling Machine

. Grinding Machine

. Welding Machine

. Vulcanizing Machine

. Air Compressor

. Honing Machine

. Battery Charger

. Cylinder Boring Machine

O o NN N U1 A~ W N

. Spark Plug Tester
. Front Shaft Grinding Machine
. Cell Tester

[ —
= O

2.2.1 Drilling Machine

Instead of drilling a hole by hand,
drilling is made by means of an electric motor.
This is done with the use of drill bit which
is operated by electric motor. The to and fro
motion of drill bit is controlled by a wheel. It
requires minimum effort and time compared
to hand drilling. Drilling machines are again

classified into many types. They are,

Depth Stop

/!\ - :
13mm Single
Sleeve Chuck

2nd Handle for
improved safety

Figure 2.2.1 (a)

32
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2 Finger Trigger

a. Hand Drilling Machine
b. Flexible Drilling Machine

a. Hand Drilling Machine

These drilling machines are used to drill
the hole in the wall and various portions of vehi-
cles.Itisalso called as a Portable drilling machine.
Fig 2.2.1(a) shows Hand Drilling Machine.

b. Flexible Drilling Machine:

These types of drilling machines are
used to drill in the parts like crankshaft jour-
nals and in the connecting rod oil bath. These
are mainly used to drill in the curved region.
Fig 2.2.1(b) shows Flexible drilling machine.

Figure -2.2.1 (b) Flexible Drilling Machine

600W Motor

Easy access
forward & reverse
switch

Lock on Switch

Hand Drilling Machine
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» DRILL BIT

~ Howard Robard Hughes Sr.
Howard Robard Hughes Sr.
(September 9, 1869 - Janu-

ary 14, 1924) was an American businessman

and inventor. He was the founder of Hughes
Tool Company.

He invented the “Sharp-Hughes”
rotary tri-cone rock drill bit during the

Texas Oil Boom.

He is best known as the father of
Howard Hughes, the famous American

business tycoon.

2.2.2 GRINDING MACHINE

Whenever the iron piece is subjected
to cut and drill, the surface of the portion
gets roughness. It is not possible to remove
the roughness of the piece in hand. Instead of
this, grinding machine is used to soften the
iron piece and it requires minimum time and
effort to do the process. It is named grinding
machine because of grinding operation is done
by electric means. If the grinding machine is
located on the bench then it is known as bench
grinding machine. If it is carried to the work-
place then it is known as a portable grinding

machine. Fig 2.2.2 shows Grinding Machine.

Figure 2.2.2 Grinding Machine

AM_Unit_02.indd 33

2.2.3 WELDING MACHINE

Two metal pieces can be joined by the
use of nuts and bolts. But strength at their
joined portions is in a weak manner. By join-
ing the two metal pieces by means of welding,
the strength of the material becomes strong.
The machine which is used to join two metal
pieces is called as welding machine. Fig 2.2.3

shows Welding Machine.

Figure 2.2.3 Welding Machine
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2.24 VULCANIZING MACHINE

Vehicle tire and tubes should main-

tain in a proper manner. Otherwise severe
effects may be taken place. While the vehicle
is traveling on road, if a sharp object in the
road gets perforated in the tire, the air in the
tire tube gets deflated and due to this vehicle
driving motion gets affected. If it continues o —
its motion then the tube gets to tear off. This

is known as a puncture. This type of puncture Figure 2.2.4  Vulcanizing Machine

cannot be cured by the cooling method. Cur-

ing this puncture with raw rubber is called as 2.3 GARAGE TOOLS

Vulcanizing. High pressure and temperature ' '
) ) ) Measuring tools required for automo-
are required to vulcanize the rubber material. ) ) ) .
) o ) biles service station and garage are classified
The machine which is used to do this vul-
o ) o broadly two types
canizing process is named as a vulcanizing

machine. Shown in Fig 2.2.4. 1. Direct tools

2. Indirect tools

2.3.1 DIRECT TOOLS

STAND

a) Steel Rule

b) Outside Micrometer
HEATING PLATE

c) Vernier Caliper

d) Wire Gauge

e) Voltmeter

f) Ammeter

g) Hydrometer

h) Radius Gauge
i) R.PM. Gauge
j) Pressure Gauge
k) Speedometer

1) Oddo Meter

a) Steel Rule

It is a metal steel rule which has both

metric and British units. It is a direct measur-

ing instrument. It is made up of spring steel
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’ International Organization for Standardization

A N
ISO
A w-d

« "KNOW?

The International Organization for Standardization (ISO) is an international stand-

ard-setting body composed of representatives from various national standards organizations.

Founded on 23 February 1947, the organization promotes worldwide proprietary,
industrial and commercial standards. It is headquartered in Geneva, Switzerland and works in

162 countries.

Use of the standards aids in the creation of products and services that are safe, reliable
and of good quality. The standards help businesses increase productivity while minimizing

errors and waste.

By enabling products from different markets to be directly compared, they facilitate

companies in entering new markets and assist in the development of global trade on a fair basis.

The standards also serve to safeguard consumers and the end-users of products and ser-

vices, ensuring that certified products conform to the minimum standards set internationally.

or stainless steel. Surface finish was done over b) Outside Micrometer
the steel rule in order to avoid corrosion. Satin Itis used to measure the external diam-

chrome is used for surface finish process. It eter of a work as simple, quick, straight and

is available in following measurements, Steel
Rule shown in Fig 2.3.1(a).

accurate manner. It can be used to measure
accurately 0.0001 inches or 0.0lmm diame-
ter of a screw. Besides these, micrometres are

e 150 mm
available in many formats, sizes as needed.

« 300 mm Fig 2.3.1(b) shows Outside Micrometer.
e 600 mm
CPREEEEEEREEEREERRFRRLELLLEEFLLLLPLLLRRAREEFLLLLARRLRAELLLARL LD TR LA QAREL AT AN
= I T l I I I I 1 I 1‘_‘I$‘t 1 1 I I 1 I I
=1 2 4 5 =6== :|8 l9 ;10.11.112 ‘ .-
SRR RO N T U weRATu

Figure 2.3.1(a) Steel Rule

)
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sleeve

anvil spindle

30
gg ratchet
15

micrometer scale
in 0.01 mm divisions

main scale in mm

anvil spindle s sleeve (with main scale)

ratchet knob
thimble

0.01mm &_\ 0-25mm (with rotating vernier scale)

frame

Figure 2.3.1(b) Outside Micrometer

c) Vernier Caliper

2 Main Scale  Depth probe 7

Vernier calliper is often used in facto-
ries as it is easy and convenient to measure

metal components than micrometers. It helps

to measure external and internal levels. It is a

Vernier Scale : Slide over the Main Scale.
© Main Sale : MilliMeter Scale.
@ Rewiner  : Used t0 block movable part.
- O s Udolkiheivs
[ 7 _‘Mpnbe : Used to measure depth of objects.

direct measuring instrument. Vernier Caliper

is shows in Fig 2.3.1(c).

inside Figure 2.3.1(c) Vernier Caliper

jaws

main scale

d) Wire Gauge

depth probe i i i
vernier scale pth p The thickness of the thin wire or the

plate is represented by the gauge number. If
outside jaws the gauge number is higher, the thickness
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’ GAUGE BLOCK

Carl Edvard Johansson:

Gauge blocks were invented in 1896
by Swedish machinist Carl Edvard Johans-

son. They are used as a reference for the

calibration of measuring equipment used in
machine shops, such as micrometers, sine
bars, calipers, and dial indicators (when

used in an inspection role).

Gauge blocks are the main means of

length standardization used by industry.

Gauge blocks (also known as gage
blocks, Johansson gauges, slip gauges, or
Jo blocks) are a system for producing pre-
cision lengths.

The individual gauge block is a metal
or ceramic block that has been precision

ground and lapped to a specific thickness.

Gauge blocks come in sets of blocks
with a range of standard lengths. In use,
the blocks are stacked to make up a desired
length.

is lower and if the gauge number is lower,
the thickness will be higher. Wire gauge is a
rounded plate which has holes of various sizes
and has a provision to insert the rounded
plates at the edge. Gauge numbers are marked

on the gauge plate. Shown in Fig 2.3.1(d).
WIRE

AMERICAN
STANDARD
WIRE GAUGE
N2 28I

Figure 2.3.1(d) Wire Gauge
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e) Voltmeter

The voltmeter is an instrument which
is used to measure the voltage across the elec-
trical circuit. The unit of voltage is “volt”. It
is used as 240 volts in homes and 440 volts

at workstations. Fig 2.3.1(e) shows Voltmeter.

|

5
S ey, o
\ Sory /

Figure 2.3.1(e) Voltmeter
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f) Ammeter

It is used to measure the amount of
current passing through the circuit. It is used
to verify the faults of the industry and house-
hold devices. It helps to check the amount
of electricity. The unit of the ammeter is

“Ampere”. Fig 2.3.1(f) shows Ammeter.

10 20 30 40
777795

AC AMPERES

& BLUE SEA SYSTEMS

40 80 120 4go

0\\\\\\\\\\|I////////§30

DC AMPERES

“\& BLUE SEA SYSTEMS

Figure 2.3.1(f) Ammeter

g) Hydrometer

Hydrometer is used to calculate the
density of the insulating fluid (diluted sulfuric
acid) in the battery. The amount of liquid in the
hydrometer is used to calculate the density of
the liquid. While pressing the rubber bulb in the

hydrometer, the liquid come inside the cylinder

from the cell. Fig 2.3.1(g) shows Hydrometer.
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Figure 2.3.1(g)
h) Radius Gauge

Hydrometer

Radius gauge is used to measure the
specific radius of the projected surface area of
the job or the corners of the job. Radius gauge
is also used to measure and test the circum-
ference of the curve in the corner or corners.

Radius Gauge is shown in Fig 2.3.1(h).

Figure 2.3.1(h)
i) RPM Gauge

It is used measure the speed of the

Radius Gauge

engine. RPM gauge is used to show the num-
ber of cycles per minute for each minute. The
red pin is used to show the cycle of 6000 rpm
to 7000 rpm. But nowadays digital displays
are used. Fig 2.3.1(i) shows RPM Gauge.

Figure 2.3.1(i) RPM Gauge
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j) Pressure Gauge

It is used to measure air pressure and
pressure of lubricating oil in the engine cyl-
inder. It is set on the vehicle’s dashboard. Fig
2.3.1(j) shows Pressure Gauge.

Figure 2.3.1(j) Pressure Gauge

k) Speedometer

It helps to calculate the speed of the
vehicles. This calculation helps the driver to
increase or decrease the driving speed of the
vehicle based on the situation. Figure 2.3.1(k)

shows Speedometer.

U7

(LR

%,
T

!

Figure 2.3.1(k) Speedometer

Odometer

)

This helps to show, how much the
vehicle has been running. (Eg., 15000 km).
Fig 2.3.1(1) shows Odometer.

(0]
39939333

Figure 2.3.1(1) Odometer
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2.3.2 INDIRECT TOOLS

a) Feeler Gauge
b) Outside Caliper
c) Inside Caliper

a) Feeler Gauge

The set of thin steel plates which are
used to measure the size of the shortest spac-
ing is called the feeler gauge. These are placed
in a heat treated shell in order to separate
them easily. It is very useful for measuring
gaps in valve tape bed, sparkplug cape. Fig
2.3.2(a) shows Feeler Gauge.

Figure 2.3.2(a)

Feeler Gauge

b) Outside Caliper and Inside Caliper

This setting can be found in the pic-
ture. It is used to measure the outer diameters
of the pipe and the engine cylinder. This can

measure the external diameter very accurately.

Inside calliper is used to measure the
inner diameter of the engine cylinder holes,
pipes and the inner dimensions of the canal.
It is an indirect measuring instrument. Fig
2.3.2(b) shows Outside and Inside Calipers.

INSIDE CALIPERS

OUTSIDE CALIPERS

Figure 2.3.2 (b)

Outside and Inside Calipers
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Power tools used in automobile vehi-
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2.3.4 Electric Tools

2.3.4(a) Drilling Machine

It helps to drill wood and metal parts.

These are usually two types. i) Bench Drilling

Power Tools

\d

Y

Y

Electric Tools Hydraulic Tools Pneumatic Tools
A A /
Drilling Machine Hydraulic Jack « Spray Painting
Equipment
Battery Charger Hydraulic Crane
» Water Service
Crankshaft Grinding Hydraulic Press Equipment
Machine o Grease Gun
Hydraulic Lift
) ) yarattic & e Vaccum Cleaner
Cylinder Boring
Machine Hydraulic Escalator
Spark Plug Tester
Special Tools <
Brake Shoe Rivetter l
Air Compressor o Crankshaft Grinding
Machine
Tyre Inflator
« Brake Drum Lathe
Honing Machine « Piston Ring Expander
« Piston Ring
Puller Compressor
Timing Lighter  Degreasing Plant
» Wheel Balancing
Cell Tester Machine
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Machine ii) Portable Drilling Machine. Fig
2.3.4(a) shows the Drilling Machine.

Guard

IIITTIRCTIETAIERI IR AIIININI D)

Hond,
feed
Depth -Motor
adjustment
Spindle Z T
clamp ; >
Spindle =
Chuc ] Table .
q[ /\_j/clamn Figure 2.3.4(b) Battery Charger
work table =
Bt 2.3.4(c) Cylinder Boring Machine
- Continues operation engine leads to
wear on the cylinder walls. The energy of the
m . . .
Base engine is wasted by such wearing. Therefore,
Cylinder Boring Machine is used to adjust the
Pulley

cylinder’s inner diameter. Refer Figure 2.3.4(c).

Drill Chuck
! Electric Motor

Table Pillar

Figure 2.3.4(a) Pillar Type Drilling Machine

2.3.4(b) Battery Charger

The battery charger is used to charge
the batteries. It converts the alternating cur- Figure 2.3.4(c) Cylinder Boring Machine
rent into a direct current and makes the bat-
tery to be charged. Because the battery cannot 2.3.4(d) Spark Plug Tester
be directly charged with alternating current. In petrol engine at the end of the com-

Figure 2.3.4(b) shows Battery Charger. pression stroke, spark is ignited to burn the

>
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compressed fuel. This is done with the help of
spark plug. The equipment which is used to
check the spark level is in required manner is
known as SPARK PLUG TESTER. Shown in
Fig 2.3.4(d).

2.3.4(g) Air Compressor

The machine which is used to com-
press and store the atmospheric air to the

required pressure level is named as air com-

pressor. Shown in Fig 2.3.4(g).

Figure 2.3.4(d)

Spark Plug Tester

2.3.4(e) Caster Camber Gauge

It is used to check the wheel alignment

in four wheeled vehicles.

2.3.4(f) Brake Shoe Rivetter

In the top portion of the brake shoe,

the new lining is designed to fit the rivets in

the hole to tighten the brake shoe parts.

AM_Unit_02.indd 42

Figure 2.3.4(g) Air Compressor

Usages

1. Ttis used to refill the air in the tire tube.

2. Itis used to clean the spark plug, carbure-

tor and nozzle.

2.3.4(h) Tyre Inflator Gauge

It is used to measure the air pressure
which is present inside the tire tube at the time
of air filling by without having air leakage. Tyre
Inflator Gauge is shown in the Fig 2.3.4(h).

Figure 2.3.4(h) Tyre Inflator Gauge
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2.3.4(i) Honing Machine

Honing machine is used to regulate
the depreciation in the IC engine cylinder,
when the cylinder depreciation level is below
0.01mm. Cylinder wall which is made with the
use of cylinder bearing is smoothened by cylin-

der honing. Fig 2.3.4(i) shows Honing Machine.

Figure 2.3.4(i) Honing Machine

2.3.4(j)) Timing Lighter

This equipment is used to check
whether the spark plugis producing the spark
in proper firing order in the engine cylinder.

Figure 2.3.4(j) shows Timing Lighter.

Figure 2.3.4(j) Timing Lighter

2.3.4(k) Cell Tester

It is used to check the life cycle of bat-

tery cell and is used to check the amount of

AM_Unit_02.indd 43
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electric charge. This is checked by connecting
the positive and negative poles of the battery
by wire and by doing this if it is lighted up
then it is understood that battery is having
charge. Fig 2.3.4(k) shows Cell Tester.

-

Cell Tester

Figure 2.3.4(k)

2.3.5 Pneumatic Tools

2.3.5(a) Spray Painting Equipment

Spray painting equipment is used to
paint the vehicle in an uniform manner with
the help of air compressor. Air compressor is
used in service station to clean the vehicle,
by blowing the water in pressurized way. Fig

2.3.5(a) shows Spray Painting Equipment.
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2.3.5(c) Air Compressor

It is used in automatic machines
where air pressure is required. This means by
using this amount of air pressure required to
restrict the passage is done. In added to this,
it is used for to refill the air in the tire, paint,
clean and water wash the vehicle. The amount
of air which has been used for all this pur-
pose is generated from the equipment which
is named as an air compressor. Fig 2.3.5(c)

shows Air Compressor.

Figure 2.3.5(a) Spray Painting Equipment

2.3.5(b) Grease Gun

Grease gun is used in automotive vehi-
cle to reduce the friction in the moving parts
by applying the pressurized grease. This is
done with the aid of air compressor. It is also
used to fix a new lining in the top portion of
the brake shoe. Fig 2.3.5(b) shows Grease Gun.

Tank

Figure 2.3.5(c) Air Compressor

2.3.5(d) Vaccum Cleaner

The vaccum cleaner is a device which
is used to wipe off the dusts deposited in the
vehicle parts where the cleaning process is

difficult to carried out manually. Fig 2.3.5(d)

shows Vaccum Cleaner.
Figure 2.3.5(b) Grease Gun
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Figure 2.3.5(d) Vaccum Cleaner

2.3.6 Special Tools
2.3.6(a) Puller

The equipment which is used to
remove the components like gear shaft and
bearing which are closely fitted to the shafts
in an easy manner is named as puller. Shown
in Fig 2.3.6(a).

Puller

Figure 2.3.6(a)

2.3.6(b) Piston Ring Expander

It is used to remove the piston rings
which are fitted in the piston. Fig 2.3.6(b)

shows Piston Ring Expander.
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2.3.6(d)

Figure 2.3.6(b) Piston Ring Expander

2.3.6(c) Piston Ring Compressor

The piston ring compressor is a spe-
cial tool that is specifically designed for com-
pressing the piston rings when a piston is
re-installed. This is accomplished by opening
the piston ring compressor enough so that
the piston will slide into the opening. Then
the rings compress by tightening the tool so
that it is snug around the piston. Fig 2.3.6(c)

shows Piston Ring Compressor.

Figure 2.3.6(c) Piston Ring Compressor

De-Greasing Plant

Mixture of steam and hydrochloric

acid is act as a degreasing agent. With the use
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of this agent, grease which is deposited in the

metal parts can be wiped off.

2.3.6(e) Wheel Balancing Machine

Wheel balancing machine is used
to balance the unbalanced weighted wheels

which are located in the front and rear axle.

2.3.6(f) Spring Tester

Sometimes tensile strength of the spring

is reduced at that time by using this spring
tester, spring tensile strength is improved. Fig Figure 2.3.6(g) Nozzle Tester

2.3.6(f) shows Spring Tester. 2.3.7 Screw Jack and Horses

Jack is used to lifting the heavyweight
components which are not possible to lift
with the use of hands. Fig 2.3.7(a) shows the

diagram of Screw Jack.

AW

F :
Radius —ol
l

Figure 2.3.6(f) Spring Tester

2.3.6(g) Nozzle Tester

It is used to measure the diesel particle
size, diesel quantity and leakages of the die-
sel which is coming out from the nozzle while

blowing the diesel in high pressure at the end

of the compression stroke inside the engine.

Fig 2.3.6(g) shows Nozzle Tester. Figure 2.3.7(a) Screw Jack

>
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» Bureau of Indian Standards

H
The Bureau of Indian Standards (BIS) is the national Standards Body of India working under

the aegis of Ministry of Consumer Affairs, Food & Public Distribution, Government of India.

It is established by the Bureau of Indian Standards Act, 1986 which came into effect on
23 December 1986.

The Minister in charge of the Ministry or Department having administrative control of the
BIS is the ex-officio President of the BIS.

The organisation was formerly the Indian Standards Institution (ISI), set up under the Res-
olution of the then Department of Industries and Supplies No. 1 Std.(4)/45, dated 3 Septem-
ber 1946. The ISI was registered under the Societies Registration Act, 1860.

As a corporate body, it has 25 members drawn from Central or State Governments, indus-

try, scientific and research institutions, and consumer organisations.

Itsheadquartersare in New Delhi, with regional offices in Kolkata, Chennai, Mumbai, Chandigarh

and Delhi and 20 branch offices. It also works as WTO-TBT enquiry point for India.

Construction

Its shaft is made of with cast iron mate-
rial. By keeping the gravitational nature in
mind, the jack basement is designed. The top
portion of the main shell fixed with rotating
block. Rotating block consists of with holes
through which the handles are fixed and we
can rotate it freely. A support is attached to

the square thread rod.

Function

At first, screw jack has to be placed
below the lifted component. Depends on
the nature of the soil and the requirement of

height to be lifted, it has been supported by

AM_Unit_02.indd 47

the wooden sleeper. Then by fixing the handle
on the holes in the rotating block and rotat-
ing the handle, the vehicle will be lifted to the
required height and work under the vehicle
will be carried out. After finishing the work,
again by rotating the handle in anti-clockwise

direction vehicle will be grounded.

Capacity

Screw jack capacity is mentioned by
maximum weight it can withstand. It is speci-
fied in terms of tonnage. It has to be lifted based
on the given specification. If it is operated to lift
more load than the specification, then severe
damages will occur. Lubrication should be

properly done to the moving and rotating parts.
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o It is used to lift the four-wheeler to a

certain height.

o The vehicle is lifted and supported by the

use of this screw jack.

o With the help of this, damages on the
bottom side of the vehicle are cleared and
it is available in many sizes depends on
the weight of the vehicle.

Horses

After lifting the screw jack to a cer-
tain height, horses have to be lifted to the
same level and then the cotter pin has to be
inserted. With the use of this horse, the screw

jack has been removed.

It has been used depends on the weight
of the vehicle. For to support the vehicle with
high load, low load capacity horse should not be
used. Fig 2.3.7(b) shows the diagram of Horse.

Horses

Figure 2.3.7(b)

2.3.8 HYDRAULIC POWER TOOLS

In automobile industries, the work
should be carried out in careful and in an

unmistakable manner. In doing that, small

AM_Unit_02.indd 48
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defects in the vehicles are repaired by using
hand tools. In sometimes, large defects are
repaired by removing the particular defected
components from the vehicle and moving
down the removed components to the ground
or to the bench and then repaired. Similarly,
sometimes the parts located below the chassis
have to be repaired, that time the vehicle is
lifted to a particular height and then repaired.
For this purpose, power tools are used in the
automotive industries. This is due to that
weight of the vehicle is high and repairing the
components underneath the vehicle is com-
plicated and too risky. Power tools are utilized
depends on the nature of work. The following

are some classification of power tools.

2.3.8(a) Hpydraulic Crane

It is used to lift and unlift the heavy
weight components like engine in an auto-
motive vehicle and to shift the heavy
weight components from one place to another

place. Fig 2.3.8(a) shows Hydraulic Crane.

Figure 2.3.8(a)

Hydraulic Crane

2.3.8(b) Hydraulic Jack

It works on the basic principle of Pas-
cal’s law. It is used to hold the heavyweight

components in particular height and to move
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the heavyweight objects from one place to
another place. Components with low load can
be lifted easily in hand. But it is not possible
to repair the tire of the heavy load carrying
capacity vehicle by lifting the vehicle in hand.
For this hydraulic jack is used. It works on
the hydraulic pressure. Based on this princi-
ple, some vehicles are used (eg. JCP, Crane,
Bull Dozer). The hydraulic jack is used to lift
the vehicle while water washes the vehicle.
Hydraulic jack working is explained in the
schematic diagram. Fig 2.3.8(b) shows the
diagram of Hydraulic Jack.

Figure 2.3.8(b)

Hydraulic Jack

2.3.8(c) Hydraulic Press

It is used to straightening the bent por-
tion in the flat, round and tube components. It

works on the principle of Pascal’s law. It used in
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automation industries, for repairing the mis-
aligned curved portion in the chassis, steering,
and in-vehicle fork. It is used to fix the bear-
ings which have been used on the automatic

machines. Fig 2.3.8(c) shows Hydraulic Press.

Closing
Cylinder

Spacer

Figure 2.3.8(c) Hydraulic Press

2.3.8(d) Hydraulic jack puller

This equipment is used in the automa-
tion industries for to remove the closely fitted
bearing by without having any damage in the
bearing. Figure 2.3.8(d) shows the diagram of
Hydraulic Jack Puller.

[ J

HYDRAULIC JACK

f———

CLAMPER

BEARING

~\

bl 7 zizf iZ a7 777)
BASE

BENCH VICE

Figure 2.3.8(d) Hydraulic Jack Puller
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SAMPLE QUESTIONS

Choose the correct answer:

1. Which principle is used in the Hydraulic
Jack?
a) Pascal law
b) Newton law
c) Lever principle

2. Which one is measured by Hydro meter?
a) Voltage
b) Density of Electrolyte
¢) Current

3. Honing machine is used to
a) to drill the cylinder
b) to enlarge the hole in cylinder
c) to finish the cylinder bore accurately

4. Which device is used to check the spark
intensity in petrol engine?
a) Spark plug tester
b) Cell tester
c) Battery tester

5. R.P.M.gauge is used to
a) to measure the speed of engine
b) to measure the speed of vehicle
c) to calculate the milage

AM_Unit_02.indd 52

Answer the following questions:

1. What are the Simple or Ordinary Hand
Tools?

Name the various types of Power Tools.
Explain about the Bench Tools.

What are the types of Files?

What are the types of Hammers?

What are the different types of Punches?

N s »N

Mention any five sizes of Double Ended

Spanners.
8. Mention any five sizes of Ring Spanners.
9. Mention any five sizes of Box Spanners.
10. Name the different types of Pliers.
11. What is meant by Volt Meter?
12. What is the use of Ammeter?
13. What is the use of Hydro Meter?
14. What are the uses of Wire Gauge?
15. Explain about R.P.M.Gauge.
16. Explain about Oddo Meter.
17. What is meant by Pressure Gauge?
18. Explain the uses of Timing Light.
19. Explain the uses of Puller.
20. What are the uses of Screw Jack?

21. What are the uses of Air Compressor?
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Unit B Fuels and their Types

3.0 Introduction
3.1 Fossil Fuels
3.1.1 Solid Fuels
3.1.2 Liquid Fuels
3.1.2.1 Petrol and Its Properties
3.1.2.2 Diesel and Its Properties
3.2 Alternative Fuels
3.2.1 Alternative Liquid Fuels
3.2.1.1 Alcohol
3.2.1.2 Methanol
3.2.1.3 Ethanol
3.2.1.4 Bio Diesel
3.2.2 Gaseous Fuels
3.2.2.1 Liquified Petroleum Gas (LPG)
3.2.2.2 Liquified Natural Gas (LNG)
3.2.2.3 Compressed Natural Gas (CNG)
3.2.2.4 Hydrogen
3.3 Comparison of Various Fuels
3.4 Distillation Curve
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Learning Objectives )‘—‘>>©

o To learn the usage and importance of various types of fuels.

o To learn about various solid, liquid and gaseous fuels.

3.0 INTRODUCTION

For a healthy body, we consume
solid food, liquid food and pure air. Sim-
ilarly, for an engine to operate, it requires
fuel.The heat energy released during
burning the fuel with air, is converted
into mechanical energy via a heat engine.
This mechanical energy gives the required
tractive force to move the vehicle in the
forward direction.

FOSSIL FUELS

Fossils fuels are available as Solid,

3.1

Liquid and Gaseous state. Figure 3.1
shows Fossil Fuels.

crude oil natural gas

Figure 3.1 Fossil Fuels

3.1.1 Solid Fuels

Solid fuel refers to various types of
solid material that are used as fuel to pro-
duce energy and provide heating, usually
released through combustion. Solid fuels
include wood, coalare mining under the
earth. Initially solid fuels are used in steam
engines and boilers. They release less heat
energy and emit more ash and emissions.
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Solid Fuels

Figure 3.1.1

However, the solid fuels are not used in
modern automobiles. Figure 3.1.1 shows
Solid Fuel.

3.1.2 Liquid Fuels

Many liquid fuels play a primary
role in transportation. Liquid fuels are
easy to store, easy to transport, and can
be handled with relative ease. They release
more heat energy and less emission. Petrol

and Diesel fuels are widely used for auto-
mobiles. Figure 3.1.2 shows Liquid Fuels.

Figure 3.1.2 Liquid Fuels
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PETROLEUM

Robert Chesebrough

Robert Augustus
Chesebrough,
(January 9,
1837 - Septem-
ber 8, 1933) was

to research what new materials might
be created from the new fuel.

This led to his discovery of
petroleum jelly, which he trade-named
as Vaseline.

an American In 1875, he founded the Chese-
chemist. brough Manufacturing Company that
He discov- in 1955 became Chesebrough-Ponds, a

ered petroleum
jelly which he marketed as Vaseline and
he founded the Chesebrough Manufac-
turing Company.
Chesebrough began his career as
a chemist clarifying kerosene from the
oil of sperm whales.
The discovery of petroleum in
Titusville, Pennsylvania, rendered his
job obsolete, so he traveled to Titusville

leading manufacturer of personal-care
products. Chesebrough patented the pro-
cess of making petroleum jelly (U.S. Pat-
ent 127,568) in 1872.

3.1.2.1 Petrol and Its Properties

Most liquid fuels are derived from
the fossilized remains of dead plants and
animals by exposure to heat and pressure
in the Earth’s crust.From the crude oil, by
distillation process, various components
like Liquid Petroleum Gas (at 40°C), petrol
(40°C to 200°C), Diesel (250°C to 300°C)
and residue tar (above 350°C) are extracted.
Figure 3.1.2.1 shows the distilation process
of various components useages.

Petrol, also known as Gasoline, is

a blend of paraffin’s, naphthenic, aromat-
ics and olefins. Figure 3.1.2.1(a) shown
the Line Diagram of Distilation Process of
Various Components.

Table: Chemical composition of

petrol by weight
Element Percentage by weight
Carbon 79.5 - 87.1
Hydrogen 11.5-14.8
Sulphur 0.1-3.5
Oxygen 0.1-0.3
Nitrogen 0.1-2.0

a transparent fuel derived from crude oil
and is used as fuel in internal combustion The following are the properties of
engines. Petrol is separated from crude petrol:

oil from 40°C to 200°C. Petrol is usually

S
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@ —»Naphtha and et Fertilizer, Paint,
= P elc Synthetic nbber
c

170~250C Kerosene fraction I & I &@@/
§’- ~*Kerosene
- =>Jet fuel Fuel for oil heater Fuel for jet airplane
o
8 | |

240~360C Light fraction
— —*Light oil
=}

( Oil Vapor o Fuel for truck

-
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Road

Figure 3.1.2.1 Distilation Process of Various Components Useages

Natural Gas In petrol have Carbon 79.5% to
e 87.1%, Hydrogen 11.5% to 14.8%, Sulphur
100°C 0.1% to 3.5%, Oxygen and Nitrogen 0.1%
Gasoline to 0.3% and the following special proper-
(Cs—Cu)

ties are must be in petrol.

160°C Naphtha
- 1. Volatility: Volatility refers to the ten-
dency of fuel to vaporize from liquid
200°C state to gaseous state. Boiling Point is
:(:":": an indicator of volatility. Higher the
boiling point, the less volatile the fuel.
370°¢ 260°C A highly volatile fuel is more likely to
. Diesel Oils form a flammable. Petrol should be suf-
Crude Oil (Cia—Cas)

ficiently volatile to form combustible

A

vapor. Petrol must be sufficiently vol-

atile to evaporate at low temperature,
340°C Bitumen / Tar . .
L for easy starting of the engine, but not

(> )
so volatile as to evaporate in fuel lines,
causing vapor lock and thus preventing

flow of liquid fuel.

Figure 3.1.2.1(a) Line Diagram of
Distilation Process of Various Components.

>
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2. Specific Gravity: Specific gravity is the

ratio of the density of a substance to the
density of a reference substance (usually

water). Specific gravity of petrol should
be 0.70 to 0.78

3. Calorific Value: The amount of heat
energy produced by the complete com-

bustion when burning 1 kg of a fuel. The

calorific value of petrol is 45.8 M]/kg.
4. Flash and Fire Point: The fire point
of a fuel is the lowest temperature at
which the vapor of that fuel will con-
tinue to burn for at least 5 seconds
after ignition by an open flame. Gen-
erally flash point should be high for
the fuel. The fire point of a fuel is the
temperature at which the vapor pro-
duced by that given fuel will continue

to burn for at least 5 seconds after igni-

tion by an open flame. In general the
fire points can be assumed to be about
15°C - 20°C higher than the flash
points. For petrol, at least 10% of fuel
should be burn instantly and rest in
staged phase.

5. Viscosity: Resistance to the flow is
called as Viscosity and it should be low.

6. Sulphur Content: Sulphur will corrode
and damage the metal parts. During
engine operation, Sulphur combines
with oxygen to form Sulphur-di-oxide
and in presence of water, it forms sul-
phurous acid. Hence, Sulphur content
should be less than 0.1%

7. Moisture and Sediment Content: Pet-
rol fuel should be free from Moisture
and Sediment Content.

8. Octane Number: This is a measure of
auto Ignition resistance in a spark-ig-
nition engine. It represents the volume
percentage of iso-octane (C;H ) ina
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iso-octane (C,H ) / n-heptane (CH )
mixture. Higher the rating, higher the
resistance to knock.A higher rating does
not indicate more power but fuel can be
used in higher compression ratio. The
value of Octane number for the avail-
able fuel is between 85 to 90.

3.1.2.2 Diesel and Its Properties

Diesel fuel is the light oil and is
obtain from crude oil by the distilla-
tion process at a temperature of 250°C
- 300°C. Diesel consists of 85% carbon,
12% Hydrogen and 3 % others by weight.
These have a boiling point between 250°C
and 350°C. Diesel contains more energy
than petrol. A diesel engine can be up to
40% more efficient than a spark-ignited
petrol engine with the same power output
and hence it is widely used in cars, trucks,
buses, railway engines etc., The following
are the required properties of diesel.

1. Volatility: The volatility of diesel is
less than petrol. The volatility of diesel
fuel influences density, auto ignition
temperature, flash point, viscosity and
cetane number. High volatility pro-
motes vapor lock and low volatility
component may not burn completely,
thereby increasing smoke deposits.

2. Specific Gravity: Specific gravity of die-
sel is higher than petrol and the value
should be 0.82 to 0.92

3. Calorific Value: The amount of heat
energy produced by the complete com-
bustion when burning 1 kg of a fuel. The
calorific value of diesel is slightly lesser
than petrol and the value is 45.5 M]J/kg

4. Viscosity: The viscosity is a measure
of the resistance to flow of the fuel.
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It will decrease as the temperature
increases. A high viscosity fuel may
cause extreme pressures in the injection
systems and will cause reduced
atomization and vaporization of the
fuel spray. The viscosity of diesel fuel
must be low enough to flow freely at
its lowest operational temperature, yet
high enough to provide lubrication
to the moving parts of the finely
machined injectors. The fuel must also
be sufficiently viscous so that leakage
at the pump plungers and dribbling at
the injectors will not occur. Viscosity
also will determine the size of the fuel
droplets, which, in turn, govern the
atomization and penetration qualities
of the fuel injector spray.

. Sulphur Content: The sulphur in fuel will
cause wear of the internal components of
the engine, such as piston ring, pistons,
valves, and cylinder liners. In addition,
a high sulphur content fuel requires
that the engine oil and filter be changed
more often. This is because of formation
of acids when sulphur-di-oxide formed
during combustion combines with water
vapor. The Sulphur content should be less
than 0.5%

6. Moisture and Sediment Content:
Cleanlinessisanimportant characteristic
of diesel fuel. Fuel should not contain
any foreign substances, otherwise, fuel
pump and injectors will have poor
performance moisturizer. Moisture in
the fuel can also damage or cause seizure
of injector parts when corrosion occurs.

7.Cetane The
measure of diesel fuel quality is its

Number: principal
cetane number. A cetane number is
a measure of the delay of ignition
of a diesel fuel. Higher the cetane
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rating, the easier the engine will start
and the combustion process will be
smoother within the ratings specified
by the engine manufacturer. It denotes
the percentage by volume of cetane
(chemical name Hexadecane) in a
combustible mixture containing cetane
and  1-methylnapthalene.
diesel fuels have a cetane rating between
45 and 50.

Current

3.2 ALTERNATIVE FUELS

The sources of fossils fuels are
depleting and they are not renewable. At
the same time the market requirements
of this fuels are increasing day by day.
highly
essential. Alternative fuels, known as non-
conventional fuel, there are many materials
or substances that can be used as fuels,
other than fossil fuels like petrol, diesel.

Some well-known alternative fuels include

Hence, alternative fuels are

biodiesel, bioalcohol (methanol, ethanol,

butanol), chemically stored electricity
(batteries and fuel cells), hydrogen, non-
fossil methane, non-fossil natural gas,

vegetable oil, propane etc.,

3.2.1 Alternative Liquid Fuels

3.2.1.1 Alcohol

In recent days, Alcohols can be
considered as the best alternative fuels.
Methanol and ethanol are of high interest
as fuels can be produced chemically or
biologically. And they have characteristics
which allow them to be used in internal
combustion engines. The octane ratings are
higher leads to less hydrocarbon emission.
Also Sulphur content is less. Figure 3.2.1.1
shown Alcohol chemical bond.

12/20/2019 4:27:43 PM



®

www.tnschoolbooks.in

—
T — e —

Figure 3.2.1.1

Alcohol Chemical Bond

3.2.1.2 Methanol

Methanol, also known as wood
alcohol, can be used as an alternative
fuel. M85 (a blend of 85 % methanol
and 15 % gasoline) and M10 (a blend of
10% methanol and 90% gasoline) are
used as fuel and emissions are lower than
conventional vehicles. It has high octane
number. Methanol is cheap to produce
and has a lower risk of flammability when
compared to petrol. The cost of fuel is
low. However, methanol is corrosive.
Fig 3.2.1.2, 3.2.1.2(a) shows Storage of
Methanol and Methanol Unit respectively.

e —— 1 —
1 | 1 Fuel
I Digital Flow Display 1 cell
- Il

I Temperature < 1 To

1 Controlled b 1 — Fuel
1 Reservoir ‘ 1 Cell

1 Precision !

: Pump :

Methanol-unit

Figure 3.2.1.2(a) Methanol Unit
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3.2.1.3 Ethanol

Ethanol is also called as Ethyl
alcohol. Ethanol can be produced by
fermenting and distilling crops such as
corn, barley or wheat. In India, Ethanol is
extracted from molasses of sugarcane. It
can be blended with gasoline to increase
octane levels and improve emissions
quality. E85 (a blend of 85 % ethanol and
15 % gasoline) and E10 (a blend of 10%
ethanol and 90% gasoline) are used as
fuel. Fig 3.2.1.3 shows the Carbon Cycle.

THE CARBON CYCLE

Crops like corn are finely ground and separated into

their component sugars.

l%

ﬁ

which can be used as  The sugars are distilled
an alternative fuel to make ethanol,

that is
reabsorbed

w
original crops. '

by the

which releases
carbon dioxide

Figure 3.2.1.3 The Carbon Cycle

3.2.1.4 Bio Diesel

Bio domestically
produced, renewable fuel that can be
manufactured from vegetable oils, animal

diesel is a

fats, for use in diesel vehicles. Biodiesel
can also be blended with diesel and used
in unmodified engines. B20 (i.e 20%
biodiesel blended with diesel) is a most
common biodiesel blend. B20 has good
balance of cost, emissions, cold-weather
performance, materials compatibility,
and ability to act as a solvent. Biodiesel is
safe, biodegradable, reduces air pollutants
associated with vehicle emissions, such
as particulate matter, carbon monoxide
and hydrocarbons. Fig 3.2.1.4 shown Bio

Diesel Production Process Cycle.
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Figure 3.2.1.4 Bio Diesel
Production Process

3.2.2 Gaseous Fuels

The gaseous fuels are readily mix
with atmospheric air without delay and it
is inducted in engine. The following gase-
ous fuels are presently in use.

3.2.2.1 Liquified Petroleum Gas (LPG)

Liquified petroleum gas (LPG) also
called as Propane is a by product of natural
gas processing and crude oil refining.
LPG is widely used as a fuel for domestic
cooking and heating and now it is also a
popular alternative fuel for vehicles. It is
stored under pressure (100psi or 680 atm)
inside a special tank and is a colorless,
odorless liquid. As pressure is released,
the liquid propane vaporizes and turns
into gas that is used in combustion.An
odorant, ethyl mercaptan, is added for
leak detection.Propane has a high-octane
rating, making it an excellent choice
for spark-ignited internal combustion
engines. It provides uniform homogenous
mixture for all cylinders. The carbon
content in LPG is less than petrol and
hence, LPG vehicles can produce lower
amounts of harmful air pollutants and
greenhouse gases, CO,. The operating
cost of the vehicle is reduced by 50%. The
use of LPG enhances engine life. Refer
Figure 3.2.2.1.
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Figure 3.2.2.1

Liquified Petroleum
Gas

3.2.2.2 Liquified Natural Gas (LNG)

Liquified natural gas (LNG), is
natural gas in its liquid form. LNG is
produced by purifying natural gas and
super-cooling it to -161°C to turn it into
a liquid. During the process known as
liquefication, natural gas is cooled below
its boiling point, removing most of the
extraneous compounds found in the fuel.
The remaining natural gas is primarily
methane (98%) with small amounts of
other hydrocarbons.

The specific gravity of LNG is
higher than CNG. The calorific value
of LNG is 48M]/kg and its octane value
are 110. Because of LNG’s relatively high
production cost as well as the need to
store it in expensive cryogenic tanks, the
commercial applications of LNG has been
limited. Refer Figure 3.2.2.2.

3.2.2.3 Compressed Natural Gas (CNG)

Natural gas is primarily extracted
from gas and oil wells. Natural gas is an
odorless and itisa mixture of hydrocarbon,
mainly 95% of methane and 5% of other
components like butane, propane, ethane,
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Figure 3.2.2.2 Liquified Natural Gas Plant

water vapor etc., Natural gas are stored
in tanks under pressure and hence it is
called as compressed natural gas. Octane
rating is high. Cars and trucks with
specially designed engines produce fewer
harmful emissions than gasoline or diesel.
CNG fuel systems are completely sealed,
the vehicles produce no evaporative
emissions. Operating cost of the vehicle
is low. Figure 3.2.2.3 shown Compressed
Natural Gas Filling Station.

Fast-Fill Station

Utiity
(Gas Meter

Storage

Sequencing and
Temperature Compensation

0bY9Y

Card  Dispenser

Gas Line Reader

Figure 3.2.2.3 Compressed Natural Gas
Filling Station
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3.2.2.4 HYDROGEN

Many test engines have been devel-
oped to use Hydrogen as an alternative fuel.
Hydrogen can be produced from diverse
domestic resources. Hydrogen is abundant
in our environment. It’s stored in water

sunlight

hydrogen
storage

hydrogen
fuel cells
Figure 3.2.2.4 Hydrogen Preparing and
Filling Process

(HZO), hydrocarbons (such as methane,
CH4), and other organic matter. One of the
challenges of using hydrogen as a fuel
comes from being able to efficiently extract
it from these compounds. Hydrogen is also
used in zero-emission electric vehicles that
run on electricity generated by fuel-cell by
the petrochemical reaction. Hydrogen is
environmental freely. Figure 3.2.2.4 shown
Hydrogen Preparing and Filling Process.
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3.3 COMPARISON OF VARIOUS
FUELS

Commercially fuels are available
in different grades like Unleaded Petrol,
Speed Petrol, White Petrol, Diesel, Speed
Diesel or Premium Diesel etc., Previously,
Tetra Ethyl Lead (TEL) is mixed with
petrol to increase the octane rating (for
antiknocking). However, the lead emission
emit from the vehicle is polluting the
atmosphere and lead is also poisonous.
Hence addition of TEL in petrol is banned
and this petrol is called as Unleaded
petrol. Various additives are added with
fuel to enhance the properties. Such petrol
will have high octane rating and called as
Speed petrol or premium petrol. Similarly,
additives are added with diesel to enhance
the cetane rating and such diesel is called

as Speed Diesel or Premium Diesel.

Fractional Distillation

@ Gas

'ﬁ_ Gasoline

_§ . ‘% Naptha
E ‘(, Kerosene
gg q. ! Diesel Oil

5" i 'E S Lubricating Oil
T L. Fueloil
Crude Oil Boiler &

Residual

4 =
Figure 3.4 Fractional Distillation

Process.
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3.4 DISTILLATION CURVE

the above curve,
that the
parts of the gasoline evaporate at lower

it is

volatile

From
understood most
temperature. This petrol vapor is mixes
with air and makes the engine to start
easy at cold condition. As the working
temperature increases, the less volatile
parts evaporate and mixes with air.
Based on the distillation graph, the
required additives during summer and
winter season, can be added with fuel to
ensure smooth operation of engine. Fig
3.4, 3.4(a) shows Distillation Curve and
Fractional Distillation Process.

Distillation of gasoline and tailored
gasolin/ethanol blends

Gasoline w/o ethanol
= = =with 10% ethanol
wmsesssyyith 30% ethanol

7| Red Enes = E70, E100, E150 Ends

Temperature, °C

20 30 40 50 60 70 80 90

Evaporated, v/v%

100

Figure 3.4(a) Distillation Curve-(% of
Evaporation Vs Temperature °C)
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SAMPLE QUESTIONS

Choose the correct answer:
1. Why the Solid fuels are not used in Auto-
mobile Engines?
a) Scarcity of Fuel
b) Higher fuel cost
c) Low heat energy and more ash and

smoke
2. What type of liquid fuel used in Auto-
mobile Engines?
a) Mineral Oil
b) Vegetable Oil
¢) Animal Oil
3. The quality of
which fuel is known by
Octane number.
a) Petrol
b) Diesel
¢) LPG
4. The quality of which fuel is known by
Cetane number
a) Petrol
b) Diesel
c¢) LPG
5. Which is the another name of Gasoline
a) Petrol
b) Diesel
¢) LPG

Answer the following questions:
1. Define Fuels.

2. Write any five properties of Petrol.
3. Define Octane Number.

4. Write any five properties of Diesel.
5. Define Cetane Number.

6. What is meant by LPG?

7. What are the properties of LPG?

8. What is meant by CNG? Mention the
advantages of CNG.
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9. What are the two different types of Heat
Engines?
10. Define Clearance Volume.
11. Define Swept Volume.
12. What is Volumetric Efficiency?
13. What is Heat Efficiency?
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Unit ﬂ History of Automobiles

4.0 Introduction
4.1 History of Automobile
4.2 Engine
4.2.1 External Combustion Engine
4.2.2 Internal Combustion Engine
4.2.3 Classification of Internal Combustion Engine
4.3 Technical Specification of the Engine
4.4 Royal Automotive Club Rating
4.5 Society of Automotive Engineers Rating
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Learning Objectives ):—>>@

o To learn about the self-propelled vehicle with stage by stage improvement

from past to present.

INTRODUCTION
HISTORY OF AUTOMOBILE

In the early days, the

4.0
4.1

man began his journey by
walking. Then he used ani-

mals like horse, elephant,

camel, donkey for his jour-
ney. Wheels are the most
ancient discovery for human kind. With the
help of wheel, the mankind designed horse
carriage, bullock cart for transportation of
people and goods. As time has gone on, they
have devised increasingly more effective and
efficient methods of travel. The automobile
made a dramatic change in the way people

travel.

Leonardo da Vinci considered the
idea of a self-propelled vehicle in the 15"cen-
tury. In 1680, Sir Issac Newton discovered
that if steam is sent out in the rear direc-
tion, the vehicle will move forward. In 1769,
Nicolas-Joseph Cugnot of France was the con-
structor of the first true automobile. Cugnot’s
vehicle was a steam-powered tri cycle carry-
ing four people, and run for 20 minutes at3.6

km per hour.

During the 18" century, James Watt
invented the steam engine and it leads to many

developments in road transportation. In 1801,
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Richard Trevithick of Great Britain invented a
steam-powered road carriage. Following him,
W.H. James invented the automobile running
with different speed. Till then, the research
was focused on the External combustion
engine. In 1863, Jean-Joseph-Etienne Lenoir,
a Belgian engineer invented the “horseless
carriage” and it uses an internal combustion
engine. This is the first commercially suc-
cessful internal combustion engine. In 1867,
Nikolaus August Otto, German engineer
invented the four-stroke internal combustion
engine. This engine is the first to efliciently

burn fuel directly in a piston chamber.

Two-stroke  internal  combustion
engine was invented by Sirclerk, a German
scientist in 1880. In 1885, a German engi-
neer, Karl Benz builds the first true automo-
bile powered by a gasoline engine. It has three
wheels and looked similar to a carriage. In
1886, Gottlieb Wilhelm Daimler and Wil-
helm Maybach invent the first four-wheeled,
four-stroke engine in Germany. It is known as

the “Cannstatt-Daimler.”

In 1892, Rudolf Diesel was a German
thermal engineer, invented the internal-com-
bustion engine that runs on diesel. In 1894,
Benherd developed an automobile by placing

the engine in the front part of the chassis.
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Horsepower
The term was adopted in the late 18th century by Scottish engineer
James Watt to compare the output of steam engines with the power
of draft horses.
It was later expanded to include the output power of other
types of piston engines, as well as turbines, electric motors and other

machinery. When the steam engine began to do the work of horses in

the mines during the early 1800s, the mine owners began to ask how

James Watt

many horses an engine would replace.
Watt measured the capability of a big horse to pull a load and found it could pull a
weight of 150-pounds while walking at 2.5 miles per hour.
Thisworks outto 33,000 foot-pounds per minute
or 550 foot-pounds per second.
It was later expanded to include the output
power of other types of piston engines, as well as tur-
bines, electric motors and other machinery.

1 HORSEPOWER
The definition of the unit varied among geo- =

33,000 fo—ot-pounds
per minute

graphical regions. Most countries now use the SI unit

watt for measurement of power.

In 1900, a steering wheel is designed to 4.2 ENGINE

AM_Unit_04.indd

replace the steering tiller and the vehicle was
used for road transportation. In 1906, the
first automobile was produced and sold. In
1908, henry ford manufactured 20000 cars.
A lot of research and development had been
made from 1910. In 1920, spark plug engine,

water cooled engines are introduced.

Later, many vehicle manufacturers
start begins to manufacture and sell their vehi-
cle on the market. Many models based on the
utility and usage has been introduced. Some
of them include two-wheeler, three wheelers,

passenger cars, luxury cars, buses, trucks etc.

68

<)

The engine is the power plant of an
automobile. A device which is used to con-
vert one form of energy into mechanical
energy is called an Engine. The heat energy
produced by burning of the fuel is converted
into mechanical power, then it is called a Heat

Engine.

Heat engines are classified into two

types.

1. External Combustion Engine

2. Internal Combustion Engine
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Figure 4.2

4.2.1 External Combustion Engine

An external combustion engine is a
heat engine where a working fluid, is heated
by combustion in an external source like
Boiler. The fluid then, by expanding and act-
ing on the mechanism of the engine, produces

motion and usable work.

In external combustion engines, the
combustion process takes place outside the
mechanical engine system. External Combus-

tion Engines are used in the following.

Ancient Marine Engine

Ancient Road Roller Engine

Steam Locomotive
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Commer TS

Figure 4.2.1

4.2.2 INTERNAL COMBUSTION

ENGINE
An internal combustion engine (ICE)
is a heat engine where the combustion of a fuel
and air occurs inside the engine combustion

chamber that is an integral part of an engine.

4.2.3 Classification of Internal
Combustion Engine

Internal Combustion Engines are classified in

many different ways as follows

1. According to the Cycle of Operation

a) Otto Cycle
b) Diesel Cycle
2. According to the No. of
Stroke
a) Two stroke engine

b) Four stroke engine
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3. According to the Fuel used 8. According to the Cooling System
a) Petrol or Gasoline Engine a) Air cooled engine
b) Diesel Engine b) Water cooled engine

c) Gas Engine

Plug wire routing
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9. According to the Speed

4. According to the Combustion System a) Low-speed engine
a) Spark ignition system b) Medium speed engine
b) Compression ignition system c) High-speed engine
5. According to the No. of cylinder 10. According to the Usage
a) Single cylinder engine a) Stationary engine
b) Multi-cylinder engine b) Automotive engine
6. According to the arrangement of Cylinder ¢) Locomotive engine

a) Inline engine d) Marine engine

Aircraft engine

b) V - type engine e)
c) Opposed cylinder engine
d) Radial engine

V - Type Engine

Inline Engine

7. According to the construction of Valve
a) L -head engine
b) T - head engine
c) I-head engine

d) F -head engine
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Internal compression engine

Nikolaus August Otto (14 June 1832, Holzhausenan
der Haide, Nassau - 26 January 1891, Cologne) was a German
engineer who successfully developed the compressed charge
internal combustion engine which ran on petroleum gas and

led to the modern internal combustion engine.

The VDI (Association of German Engineers) created
DIN standard 1940 which says “Otto Engine: internal com-

bustion engine in which the compressed fuel-air mixture is

2 initiated by a timed spark ignition”, which has been applied
Nikolaus Otto to all engines of this type since.

His main interest in school had been in science and technology but he graduated after

three years as a business apprentice in a small merchandise company.

l ] ll
‘\\
])‘ )\\ ﬂ\

4.3 TECHNICAL SPECIFICATION to the centre of the crank pin. It will be half
OF THE ENGINE of the stroke length.
1. Top Dead Centre (TDC) is the outermost 5. Cylinder bore is the inside diameter of the
point of forward travel of the piston in the cylinder.
cylinder. 6. Clearance volume is the volume of the
2. Bottom Dead Centre (BDC) is the inner- cylinder above the piston when the piston
most point of backward travel of the piston isat TDC.
in the cylinder. 7. Swept volume / Displaced volume is the
3. Stroke Length is the distance between TDC volume displaced by the piston when pis-
and BDC travelled by the piston in the cyl- ton moves from TDC to BDC
inder. It will be twice the crankshaft throw. 8. Total volume is the volume of the cylinder
4. Crankshaft throw is the distance between above the piston when the piston is at
the centre of the crankshaft main bearing BDC.

AM_Unit_04.indd 71 @ 12/20/2019 4:36:44 PM



9.

10.

11.

AM_Unit_04.indd 72

®

www.tnschoolbooks.in
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«—— Cylinder

--- Bottom dead centre (TDC)

Figure 4.3 Technical Specification of the Engine

Compression ratio is the ratio of total

volume of the cylinder to clearance volume.

Indicated power is defined as the power
developed by combustion of fuel inside the
engine cylinder.
_ P_LAN
60x1000
L.P. = Indicated Power, kW

P_ = Mean Effective Pressure, N/m?
L = Stroke Length, m
A = Cross section area of Piston, m?

N = Crankshaft RPM (for 2 Stroke engine N,
for 4 Stroke engine N/2)

Brake power is the actual work output of an
engine or the actual work available at the
crankshaft. It can be measured with the help
of brake dynamometer.

2nNT

BP= ———
60 x 1000

B.P. = Brake Power, kW
N = Crankshaft RPM

T = Torque or Resisting torque in the

dynamometer, Nm and

12.

13.

Frictional power: Engine brake power is
always less than Indicated power, due to
frictional losses at the working surfaces like
bearings, piston rings and valves. The power
loss due to friction is called as frictional

power.

Friction power, EP. = Indicated power, I.P. -

Brake power, B.P.

Efficiency: The ratio of power output
and power input to the engine is called as
Efficiency. It is calculated by Volumetric
Thermal

Mechanical Efficiency.

Efficiency, Efficiency  and

Volumetric Efficiency is defined as the ratio
of the actual volume of air inducted during
the intake stroke to the theoretical volume

of a cylinder.

Thermal Efficiency is the ratio of the useful
work obtained to the heat supplied to the

engine.

Mechanical Efficiency is defined as the
ratio of flywheel output to the useful work

obtained from the engine.
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~ Who made the first
owp  motor cycle?

-—

First motor cycle was designed and
built by the German inventors Gottlieb
Daimler and Wilhelm Maybach in 1885.

It was designed as a testbed for
their new engine, rather than a true
prototype vehicle.

15.

‘ ‘ AM_Unit_04.indd 73

14.

Brake Mean Effective Pressure (BMEP) is
the mean (average) pressure on the piston
uniformly acting during the power stroke,
which would produce the same measured

(brake) power output.

Specific fuel consumption (SFC) is defined
as the total fuel consumption per hour per
kW power developed. SEC is the rate of fuel
consumption per kWh. It allows comparing
engines of different sizes to see which is the
most fuel efficient. It helps to determine
which engine uses the least amount of
fuel while producing high power. When
Indicated power (IP) is used to calculate
SEC, then it is known as Indicated Specific
fuel consumption (ISFC) and when Brake
power (BP) is used to calculate SFC, then it
is known as Brake Specific fuel consumption
(BSEC).

wvwv.tnsch%olbooks.in

SAE 15W-50
SAE 5W-20

SAE 5W-30
SAE 30

SAE 0W-40

4.4 ROYAL AUTOMOTIVE CLUB
RATING

RAC Rating was introduced by the
Royal Automobile Club in England. The tax

horsepower or taxable horsepower was an

early system by which taxation rates for auto-

mobiles were calculated. Taxable horsepower

is a calculated figure based on the engine’s

bore size, number of cylinders but does not

reflect on developed horsepower.

RAC rating=(DxN) /2.5

D = the diameter of the cylinder in inches

[1" = 25.4mm], and
N = the number of cylinders

4.5 SOCIETY OF AUTOMOTIVE
ENGINEERS RATING

Society of Automotive Engineers Rating

is based on net power developed on the engine.

Net power is the power developed by the engine

by removing engine belt-driven accessories, air

cleaner, emission controls, exhaust system, and

other power-consuming accessories.

¥
Student Activity ﬁ

1. Students should prepare the list of most
widely used cars by the public.

2. Students should prepare an album con-
taining the cars used in India and other
foreign countries.

3. Students should visit the nearby work-

shops to learn the functioning of Inter-
nal and External combustion engines
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» Diesel engine
= Rudolf Christian Karl Diesel (German: 18 March 1858 - 29 Septem-
v OW?2 ber 1913) was a German inventor and mechanical engineer, famous for the

invention of the diesel engine, and for his mysterious death. Diesel was the
subject of the 1942 film Diesel

Diesel was born in Paris, France in 1858 the second of
three children of Elise and Theodor Diesel.

His parents were
Bavarian immigrants liv-
ing in Paris. Theodor
Diesel, a bookbinder by

trade, left his home town

of Augsburg, Bavaria, in
Rudolf Diesel 1848.

He met his wife, a daughter of a Nuremberg mer-

Figure 4.5
chant, in Paris in 1855 and became a leather goods man-
ufacturer there.
(7o T8
E Glossary

O — O
Transportation - GuUITdGHours gl
Dramatic - BEWL_(LPeWM LOT M M LD
Discovered - et (HLilig L1y
Commercially - suewfls f Slwrs
Combustion - sty (H %60
Efficiently - FmewLowmesr
Manufactured - Swrifldged
Luxury - CFT@FTesr

(e, O
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SAMPLE QUESTIONS

Choose the correct answer:

1.

AM_Unit_04.indd 76

In which year Nikolos otto invented four
stroke internal combustion engine?

a) 1863 b) 1866

c) 1880

In which year Rudalf Diesel invented
diesel engine?
a) 1886
c) 1894

Crank throw is

a) The distance between TDC & BDC
b) half of the stroke length

c) Double time of the stroke length

b) 1892

Which type of steam engine is used in
locomotive?

a) Internal combustion engine

b) External combustion engine

c) opposite cylinder engine

Stroke is

a) Distance between TDC & BDC
b) Equal to crank throw

¢) Half of the crank throw

Answer the following questions:

8.
9.

. What is meant by Automobile?

In which year and by whom the Automobile

Vehicle is invented?
Describe the History of Automobile.
Based on the Fuels how the Automobile

Vehicle is classified? Mention the Names.
State three examples of External Combustion
Engine.

What is Internal Combustion Engine?
Howdoyouclassify the Internal Combustion
Engine?

What is Stroke?

Write short notes on TDC & BDC.

10. Define Compression Ratio.

12/20/2019 4:36:46 PM



AM_Unit_05.indd 77

Unit

®

www.tnschoolbooks.in
|
Engine
@
5.0 Introduction
5.1 Petrol Engine
5.2 Diesel Engine

53

54
55
5.6
5.7
5.8

Parts of an IC Engine

5.3.1
53.2
5.3.3
5.3.4
5.3.5
5.3.6
5.3.7

5.3.8

5.3.9

5.3.10
5.3.11
5.3.12
5.3.13
5.3.14
5.3.15
5.3.16

Cylinder Block
Cylinder Liner
Cylinder Head
Crank Case
Oil Sump
Gasket

Piston

5.3.7.1 Methods to avoid expanding
5.3.7.2 Functions of piston

5.3.7.3 Types of piston

5.3.7.4 Piston arrangement

Connecting Rod

Crank Shaft

Vibration Damper

Timing Gear
Cam Shaft
Valve
Manifold
Fly Wheel
Silencer

Four Stroke Petrol Engine
Two Stroke Petrol Engine

Comparison of Two Stroke and Four Stroke Engine

Four Stroke Diesel Engine
Two Stroke Petrol Engine
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Learning Objectives ):—>>©

» To learn about Internal and External combustion engines.

« To learn about the engine parts, manufacturing procedure and the material used.

» Tolearn about the thermal energy produced in two stroke and four stroke engines.

5.0 INTRODUCTION

Thiruvalluar quotes “When water fails,
functions of nature cease” In modern world
“When automobile fails, functions of world
cease”. The mobility of the people and world
will ceases when there is no automobile. Thus
Automobile plays a vital role in transporta-
tion of people and goods from one place to

another, even in between the continents.

The driving force required to drive the
vehicle is provided by the Engine. Engine is
considered to be the heart of an automobile.
Based on Law of conservation of Energy, i.e.,
Energy can be transformed from one form
to another form, engine is used to convert
heat energy obtained by burning of fuel into
mechanical energy and therefore they are

called as Heat Engines.

5.1 PETROL ENGINE

In petrol engines, the heat energy is
obtained by burning the petrol with air and
this heat energy is converted into mechanical
energy. Since petrol is also called as gasoline,

this engine is also called as Gasoline engines.

The liquid state of petrol fuel is
converted into vapour and it is mixed with
atmospheric air. This air-fuel mixture is
inducted into the engine, and it is burnt with

the spark introduced by the spart plug. Hence,

AM_Unit_05.indd 78

this engine is also called as spark ignition
engine. This engine was invented by Nichloas
Otto, German scientist in 1876. The engine is
working based on otto cycle which is constant
volume cycle. To burn a fuel, four operations
is required namely, intake of fuel air mixture,
compression of fuel air mixture, burning of
furl air mixture and sent out the burnt air fuel
mixture from the engine. Each operation is
completed in each stroke of the piston and
four stroke is required to complete a cycle.

Hence it is called as four stroke engine.

5.2 DIESEL ENGINE

In diesel engines, the heat energy is
obtained by burning the diesel with air and
this heat energy is converted into mechanical
energy. In 1897, Rudolph diesel invented the
Diesel engine and hence the engine was called
by his name “Diesel engine”. This engine is
working based on constant pressure cycle. In
diesel engine, the air alone is intaken during
suction stroke and it is compressed during
the compression stroke. At the end of the
compression stroke, diesel fuel is injected
at high pressure which automoise the diesel
fuel. The temperature of the compressed air
is sufficient enough to start the combustion.
Since air alone is compressed at high pressure,
it will liberate more energy than petrol engine.
Hence this engine is used on trucks, buses

and heavy vehicles.
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Since the cost of the diesel fuel is less 10. Timing Gear, Timing Chain
and high energy is available, this engine is 11. Vibration damper

widely used for transportation, though the 12. Cam shaft

maintenance cost is more. )
13. Valve and Valve mechanism

14. Inlet Manifold and Outlet Manifold

5.3 PARTS OF AN IC ENGINE
15. Flywheel

1. Cylinder Block
16. Silencer

2. Cylinder Liner _ _

Other components like oil pump, fuel
3. Cylinder Head pump, carburetor, distributor, water pump,
4. Crank Case air filter, oil filter etc are also attached to the
5. Oil Sump engine. The major components of IC Engine
6. Gasket is shown in Fig 5.3.
7. Piston The Material of the major components
8. Connecting rod are shown in Table 5.1.
9. Crank Shaft

Piston rings

Gudgeon pin

Silencer
Small end
Connecting rod Cam Shaft
) Big end bearing
l |
- & i
All Types of Valves
Outer hub Harmonic
housing  Vibration ~
] 6 Damper "‘ ’ = V.)\)
(\\. \'\/ < ‘:—f//ff;’
& Y Lnne( huby
s ousing
Vibration Damper Manifold Flywheel

Figure 5.3 Major Components of IC Engine

>

AM_Unit_05.indd 79 @ 12/20/2019 5:26:30 PM



www.tnschoolbooks.in

Table 5.1 Major Parts of an IC Engine and Its Material

Part Material

Cylinder Block Grey cast iron or Aluminum alloy
Cylinder Liner Steel alloy containing Nickel, Manganese, Chromium, Silicon
Cylinder Head Grey cast iron or Aluminum alloy
Crank Case Grey cast iron or Aluminum alloy

Oil Sump Pressed steel

Gasket Alloy Steel containing copper, asbestos
Piston Aluminum alloy

Piston Pin Special steel

Piston Ring Cast iron

Connecting Rod Forged Alloy steel

Crank Shaft
Vibration Damper

Timing Gear, Timing Chain Special alloy steel

Cam Shaft
Main Bearing

and aluminum

Heat treated alloy steel
Aluminum alloy or wrought iron

Heat treated alloy steel
Steel containing phosphor cronze, lead, bronze, tin, antimony

Valve Alloy steel containing silicon, chromium, nickel
Manifold Cast iron or Aluminum

Flywheel Pressed steel / cast iron

Silencer Cast iron or hardened steel

5.3.1 Cylinder Block

The cylinder block is the main

supporting structure for the various
components. Cylinder block will have one
or more cylinders. For multicylinder engine,
the cylinders are cast as a single unit, called
cylinder block. The cylinder block inner
surface is machined and finished accurately
for the piston to reciprocate up and down. The
cylinder head is mounted on the top of the
cylinder block. Cylinder head gasket is placed
between the cylinder block and cylinder head.
The cylinder head and cylinder block are
provided with water jackets or with cooling
fins. The crankshaft is mounted on bottom of

the cylinder block with the help of bearings.

AM_Unit_05.indd 80

The bottom portion of the cylinder block is
called crankcase. A sump for lubricating oil is

fastened to the bottom of the crankcase.

Cylinder blocks are two types
1. Split block: Crank case and cylinder block
are manufactured as a separate unit and

2. Mono block: Crank case and cylinder

block are manufactured as a single unit

The mono block and split block are
shown in Fig 5.3.1.

5.3.2 Cylinder Liner

The cylinder will wear with use,

and therefore there may be reduction in
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Cylinder bores

Holes for pushrods

Coolant passag
Threaded stud hole

L]

2 a
Main hearing _(\A f’
supports crankshaft

Camshaft hearing
Mono Block

Mounting for oil filter

Washer Head Oil Plug zl'ltner Head

Sealing Bolts

Washer

Head Orrifice

S/

¥ @"" Oil Control
Orifices

0O-
Rings

Cylinder
Head Gasket

Head Oil Plug
Split Block

Figure 5.3.1 Mono Block and Split Block

D

@

Head Orifice

Bowel Pins
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performance as well as maintenance cost is
increased. In such cases, the use of a sleeve
or liner can restore proper clearances to an
engine. Due to prolonged use, the liner will
wear and it can be replaced at lower cost. Cyl-
inder liners are of two types namely dry liner

and wet liner.

dry liner cylinder wall
74
) cylinder / ,
Y bore [
| 7
water__|
Jjacjket /|
: sealin{
Dry Cylinder Liner Wet Cylinder Liner

Figure 5.3.2 Dry and Wet Liner

(a) Dryliner

The outer diameter of liner and inner
diameter of the cylinder wall are manufactured
to fit perfectly. Liners are assembled with the
help of hydraulic press or by cooling the liner.
The dry type liner is not in direct contact
with the coolant hence the name “Dry”. The
cylinder liner is surrounded by the cylinder
body. The cylinder body is contacted by the
cooling water so as to achieve heat dissipation.
Liner thickness would be 1.5 mm to 3.0 mm.

Flanges and seals are at top surface of cylinder.

Figure 5.3.2(a)

Dry Liner
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Wet liners may have a cooling water
space between the engine block and liner, or
they may have integral cooling passages. Lin-
ers with integral cooling passages are some-

times referred to as water-jacket liners.

(b) Wetliner

The inner surface of wet liner are per-
tectly machined and honed. The outer sur-
face is not machined. They are referred to as
“wet liners” because their outer sides come
in direct contact with the engine’s coolant.
The thickness of the liner will be 3.0mm to
6.0 mm. It is sealed by a metallic sealing ring
from top and a rubber sealing ring at the bot-
tom. A wet liner cylinder block features cyl-
inder walls that are entirely removable, which

fit into the block by means of special gaskets.

Figure 5.3.2(b)

Wet Liner

5.3.3 Cylinder head

In an engine, the cylinder head
assembled above the cylinders on top of
the cylinder block with the help of studs. It
closes in the top of the cylinder, forming the
combustion chamber. This joint is sealed by a
head gasket. The head also provides passage
for intake of air and fuel and exhaust of burnt
gases, water cooling passage. The head can

also be a place to mount the valves, spark
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plugs, and fuel injectors. In case of overhead
valve engine, then oil passage for pushrod and
rocker arm are also available. Cylinder heads

are classified as

C— P
0 (0]
7N -
L-HRAD T-HBAD
RICH
MIXTURB
LBAN
A{ MIXTURE
0 (0]
N e °
L
e e

Figure 5.3.3 Types of Cylinder Head

L - Head Engine

I - Head engine

F - Head engine

T - Head engine and are shown in Fig 5.3.3.

5.3.4 Crank case

The crank shaft and cam shaft are
placed on the crank case. It is formed as the
portion of the cylinder block below the cyl-
inder bore and the oil sump at the bottom.
Crank case and the cylinder block are made
as a single unit. The oil sump is connected
with the crank case by the studs. The Crank
case with Crank shaft is shown in Fig 5.3.4
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Figure 5.3.4 Crank Case with Crank Shaft
5.3.5 Oil sump

The oil sump is attached below the
crank case. It is used to store the lubricating
oil which is used for lubricating purpose. To
drain or replace the used lubricating oil a

drain arrangement is fitted.

Figure 5.3.5 Oil Sump

5.3.6 Gasket

When connecting two metal parts
directly, there musty be air tight connection
between the parts or otherwise if there is a gap,
it allows the gas or the liquid to leak. To arrest
the leakage of gas or oil, the gasket is being
used. It makes the two metal components
air tight and close. Gaskets are placed in the
cylinder block, cylinder head crankcase and
oil pump and in oil sump. For placing the inlet
and outlet manifolds on the cylinder head

gaskets are being used.

Figure 5.3.6 Gasket

5.3.7 Piston

The piston is the most important

component of the engine. It is kept inside the
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HEAD

HEAD RIB

PISTON PIN BOSS
RE!NFORCEMENT

SKIRT ——| |

SKIRT
REINFORCEMENT ™

THREADED HOLE
FOR PISTON PIN
LOCK SCREW
(WHEN USED)

OIL DRAIN
HOLES BEHIND

GROOVE FOR
LOCKING
SNAP RING
(WHEN USED)

Fig 5.3.7 Parts of Piston

cylinder liner and allowed to move up and
down. It is used to suck the air fuel mixture
inside the cylinder and transmits the engine
power to the connecting rod which is obtained
during the power stroke. It is used to convert
the heat energy into mechanical energy. The
first piston was made of iron. As the usage of
iron was heavy, it observed more energy that
was produced by the engine. To avoid this
power loss the less weight, easily machinable
and less price metal alloys such as aluminium
alloy are being used nowadays. The piston is

shown in Fig 5.3.7.

To make a good piston the follow-

ing qualities should be maintained while

manufacturing.

1. The weight should be less

2. Cost should be low

3. 'The piston should be easily machinable

4. It should with stand very high temperatures
5. It should have the capacity to transfer more

heat quickly.
6. It should not expand easily due to high

temperature.
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5.3.7.1

Methods to avoid expanding

As the engine is being operated

continuously at very high temperatures
the piston gets over heated than the engine
cylinder. Because the engine cylinder block is
continuously cooled by using the cooling water.
As the Piston gets more heat than the engine
cylinder the piston gets expanded. If the piston
expands, the movement of the piston become
difficult for it and will stop which affects the
engine in producing the power. To avoid this

piston expansion the following provisions are

adopted on the piston
a. Horizontal slot
b. Heat Dam
c. Vertical slot
d. Tslot
Oblique slot
f.  Solid slot

a) Horizontal slot

The horizontal Slot is being made on
the top of the piston, Just below the oil ring at
the skirt portion of the piston so that the heat
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coming from the piston head during power
stroke is observed by the slot. By this way
the piston is protected from expansion and

allowed to operate the engine safely.

Horizontal Slot

Figure 5.3.7.1(a)

b) Heat Dam:

It is like how we store water in ponds and
use it when needed. Similar to that to save the
heat generated inside the engine combustion
chamber and use it effectively small pits in con-
cave shape are made on the piston head which
are used to save heat. Hence the heat transfered
from the crown to the skirt is being reduced and

the expansion of piston is being avoided

HEAT OF FIRING STROKE

BUTTED GAP

@y

g % LAPPED GAP

PINNED GAP

PIN IN PISTON
RING GROOVE
PI

VING
AROUND IN GROOVE

RING

RING
RING RING
GAP GAP
({coLo) ? (HOT)

Figure 5.3.7.1(b)

Heat Dam

c¢) Vertical Slot:
This type of slots is used in preventing
the piston’s expansion due to heat particularly

at the outer periphery. The slots are made
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in selected places where the expansion is
predicted to be more in such a way that it

should tolerate the expansion of the piston.

Figure 5.3.7.1(c) Vertical Slot

d) Tslot:

Similar to the vertical slot piston the
T-slot helps the Piston to avoid expansion in
the diameter wise as well as in the lengthwise

and helps engine to function properly.

T-Slot

Figure 5.3.7.1(d)

e) Oblique Slot:

In this type the slots are made on the
piston’s oil ring slots to control the temperature
of the piston. The slots are made slightly in
slanting manner such that it reaches the skirt.
In this type the heat produced in the engine is
blocked in such a way that it should not reach
the skirt. The heat is transferred in sideways
and also in the lengthwise so that the piston
is saved from the high temperature produced

inside the engine combustion chamber.
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Figure 5.3.7.1(e)

Oblique Slot

f) Solid Slot:

Similar to oblique slots, in solid type,
small holes are made on the slots of the oil
ring. These holes restrict the heat from the
head to enter into the skirt. Hence the piston

works safely.

: 3 >
Figure 5.3.7.1(f) Solid Slot

5.3.7.2 Functions of piston

In the engine at the combustion
chamber the power obtained during power
stroke cannotbe sentdirectly to the crankshatft.
The component used to transfer the power
(gas pressure) from the combustion chamber
to the crankshaft through the connecting rod

is the piston.

The functions of the piston are listed

below.
HOLE AT END OF
| SLOT PREVENTS RETARDGFER HEAT
go:;a.oiss URTHER SPUITTING ] HEAD TO SKIRT
EXPANDING — -
™~ SLOT IN SKIRT
\ T-SLOT IN SKIRT

/. —

\ HEAD IS 0.030 TO 0,040 IN.

SMALLER THAN THE SKIRT

A GROOVE IS CUT INTO
THE PISTON TO RETARD
HEAD TRANSFER FROM
THE HEAD TO THE SKIRT

O

Figure 5.3.7.1
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Schematic Diagrams of Various Slot
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1. To transfer the power from the combustion
chamber to the crank shaft through the

connecting rod.

2. To transmit the heat produced from the

power to the combustion chamber walls

3. To acts as seal inside the cylinder to with-
stand high pressure and protects the crank-
case in avoiding high pressure to pass to

the crank case

4. Ttacts as a guide to connecting rod

5. Itacts as a component for supporting the
piston ring

6. Itis used to suck the air or air fuel mixture
and also used to compress them

7. Itis used to expel the hot gases to the

atmosphere during the exhaust stroke.

5.3.7.3 Types of piston

Piston is used to transmit power from
engine combustion chamber to the crank-
shaft. Pistons are classified according to their
heads hased on the type of engine and its per-

formance. They are classified as follows,

a. Flat head piston
b. Domed head piston

c. Concave (bowl) head piston

CILALY

CONCAVE HEAD

FLAT HEAD

a) Flat head piston

In this type, the piston head is in
flat shape. This shape helps in removing
combusted products after the power stroke.
The design of these pistons is very easy.
However, the efficiency of the engines using

this type of pistons is less.

Flat Piston

Figure 5.3.7.3(a)

b) Domed head piston

In this type, the piston head is of cap
like structure. ie., more volume is added
to the piston head. This structure helps in
smooth compression stroke and also results
in proper mixing. Compression ratio is higher
for using these types of piston. However the

manufacturing process is difficult.

DOME HEAD

Figure 5.3.7.3 Types of Piston Head
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Figure 5.3.7.3(b) Dome Piston

c) Concave head piston

In this type, the piston head is of
concave in structure. Due to this, high
pressure is produced inside the combustion
chamber. These types of piston are used in
high compression diesel engines. Concave like
structure helps in increasing air turbulence
which leads to proper mixing and results in

good combustion.

Concave head Piston

Figure 5.3.7.3(c)

5.3.7.4 Piston arrangement

The upward and downward motion of
cylindrical object inside the cylinder is called
piston. Piston consists of heat dam, land, skirt,
piston pin boss, rings, grooves. Heat dam is a
thin groove cut on the piston head between
the top ring groove and the top of the piston.
There are slots for compression and oil rings.
Below these slots, holes are made for piston

pin or piston boss. Slots are present on the
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compression rings

oil control ring

piston

=

=

o

& : bearing shells \\ ?

‘ bearing cap ¢
Wlocking plate
&'fset screws

Figure 5.3.7.4 Piston Arrangement

oil hole ™

wrist pin

washer

clamping bolt

connecting rod

oil hole

piston skirt. Cylinder liner present inside the

cylinder acts as sliding surface for piston.

a) Piston Pin

A piston pin is a hollow shaft that
connects the small end of the connecting rod
to the piston. It is made up of special alloy

steel to prevent wear and tear.

Circlip
Gudgeon pin \®
(wrist pin) \
Needle sleeve bearing

Short arm of
connecting rod

\
_©

—G

Circlip
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Figure 5.3.7.4(a) Piston Pin

b) Piston Rings

Depending upon the horse power of
the engine, one or more piston rings is used.
It provides a tight seal between the piston and
the cylinder wall thus preventing leakage of
combustion gases. The performance of the
engine is reduced, if the piston rings are worn
out and it can be replaced. Piston rings are

classified as

i) Compression ring
ii) Oil scrapper ring
Compression ring

The the

combustion chamber from any leakage during

compression ring seals
the combustion process. When the air-fuel
mixture is ignited, pressure from combustion
gases is applied to the piston head, forcing
The

pressurized gases travel through the gap

the piston toward the crankshaft.

between the cylinder wall and the piston and
into the piston ring groove. Combustion gas
pressure forces the piston ring against the
cylinder wall to form a seal. It also transfers

heat from the piston to the cylinder wall. No.
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of compression ring is depending upon the
compression ratio of the engine. Higher the
compression ratio more the number of piston
rings. Compression rings are made up of Cast

Iron.

TOP RING

SECOND RING

Figure 5.3.7.4(b)(i) Compression Rings

Oil scrapper ring

The bottom most ring is called as
oil scrapper ring. The lubricating oils are
sprinkled on the cylinder wall and inner side
of the piston through the connecting rod oil
passage. This ring is used to scrape excess
lubricating oil from the cylinder walls, thus
prevents the lubricating oil from getting into
the combustion chamber of the cylinder Oil

scrapper rings are made up of cast iron.

=/

OIL RING

Figure 5.3.7.4(b)(ii)
5.3.8 Connecting Rod

0il Scrapper Ring

It interconnects the piston and the
crankshaft and transmits the gas forces from
the piston to the crankshaft. The two ends of
the connecting rod are called as small end
and the big end. Small end is connected to
the piston by gudgeon pin and the big end
is connected to the crankshaft by crank pin.

Connecting rod is made up of Forged steel.
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ROD SMALL END

ROD

CONNECTING BUSHING

ROD

ROD

CAP ROD
BEARING
INSERTS

Figure 5.3.8 Connecting Rod

5.3.8.1 Piston, connecting rod and their
connection procedures

The engine piston and connecting rod
assembly is the most essential arrangement
for operating any engine. For connecting
the piston and connecting rod piston pin is
used. Piston pin is connected with piston and
connecting rod based on the three types as

indicated below.

:

FIXED PIN SEMIFLOATING

PIN

Fig 5.3.8.1
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a. Fixed Type
B. Semi Floating Type
C. Full Floating Type

The above connecting procedures vary
depends upon the torque and power produced
from the engine. Piston pin connecting

procedures shown in Figure 5.3.8.1.

5.3.8.1(a) Fixed type:

In this type the piston and connecting
rod are connected with the piston pin by the
fixed set of screw inside the piston pin boss
for avoiding release of piston pin from its
connection. For this purpose, the small end
of connecting rod is positioned on centre of
the piston pin for attaining the reciprocating

motion.

5.3.8.1(b) Semi floating type:

In semi floating type of connection
there is a split shaped arrangement in the
small end of the connecting rod and it looks
like a clamp. This clamp shaped portion is
kept with the help of a bolt and nut to avoid
removal of piston pin from it. There is a
groove at the centre of the piston pin which
prevents the pin to not to come out from the

clamp. The two ends of the pin are connected

FULL-FLOATING
PIN

Piston Pin Fixing Method

99
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with the help of the piston pin boss bearing

and arrange to be movable within the pin.

5.3.8.1(c) Full floating type:

In this type the connection method of
piston pin is designed in a simple way with
no much difficulty. During the engine opera-
tion for avoiding damage on cylinder wall by
the rubbing of piston pin, two circlips were
attached with the piston pin boss. In this type,
the piston pin is connected at the small end
of the connecting rod and piston pin boss
and allowed to float (move) easily with in the

boss. Hence it is called as full floating type.
5.3.9 Crank Shaft

It converts the reciprocating motion
of the piston into useful rotary motion of the
output shaft. The crankshaft is enclosed in a

crankcase and it is made up of Cast steel.

FRONT MAIN
BEARING  COUNTERWE IGHTS
JOURNAL COUNTERWE [GHTS:
CONNECTING

ROD JOURNAL

REAR MAIN
BEARING
JOURNAL

INTERMEDIATE
MAIN BEARING
JOURNAL

1 THROW ~ WEB  WEB

Figure 5.3.9(a) Crank Shaft

Figure 5.3.9(b) Crank Shaft

5.3.10 Vibration Damper

The power impulses of an engine

result in torsional vibration in the crankshaft.
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If this torsional vibration were not reduced,
the crankshaft might break. To avoid this, a
vibration damper is mounted on the front of
the crankshaft and it controls this vibration.
Also a pulley is attached to the vibration

damper to drive the fan.

SHELL ASSEMBLY

Figure 5.3.10(a) Vibration Damper

SHIMS
DAMPER \
PLATE
TENSION
SPRING FRICTION
FACING
CRANKSHAFT
MT \‘\ --”"l
GASKET —
FIBER
BUSHING
SLEEVE
o
RUBBER CONE FAN
PULLEY

DAMPER FLYWHEEL

Figure 5.3.10(b) Schematic of
Vibration Damper
5.3.11 Timing Gear

Timing gear is used to synchroinse

the crankshaft and camshaft. The number of
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sprocket

A. Gear Drive
Fig 5.3.11(a, b, ¢)

teeth in camshaft is always twice the number

of teeth in crankshaft. Hence, camshaft
will always rotate at half the speed of the
crankshaft. Timing mark will be marked in the
timing gear. This corresponds to first cylinder
TDC position. The marks are properly
aligned at the time of engine assembly during
manufacturing. This will operate the valve
at proper time. If the distance between the
crankshaft and camshaft is more, then they
are connected by timing chain or by timing
belt. Timing Gear with Various Drive shown

in Figure 5.3.11(a, b, c)
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Crankshaft
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B. Chain Drive
Timing Gear with Various Drive

C. Belt Drive

5.3.12 Cam shaft

For obtaining power from the engine,
the processes such as valve opening and closing,
supplying the air fuel mixture at the appropriate
timings and producing spark in the spark plug
in order to ignite the air fuel mixture should
be done correctly. For performing this type of
operation a component called as cam shaft is
used., The cams in the cam shaft are designed
in such a way to rotate for opening and closing
the valves by the cam shaft according to the
valve timing and firing order of the engine. In

addition to this, eccentric arrangement in the
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FUEL PUMP

CESTRIBUTOR ECCENTRIC
CFaVE GCAR

Figure 5.3.12 Camshaft

cam shaft performs the function of actuating
the petrol pump and also the skew gear
arrangement which is required for operating
the oil pump. The timing gear is fitted at the
edge of the cam shaft. This gear arrangement
is placed in the cylinder block. This gear is
made up of special steel for avoiding wear and
tear. Cam shaft is actuated by this timing gear
with the help of crank shaft. Cam shaft rotates
always at half the speed of crank shaft rotation.

5.3.13 Valve

In the engines (generally in four stroke
engines) valves are used for supplying enough
air fuel mixture into the combustion chamber
for combustion and for expelling the burned
gases to the exhaust by opening and closing
of ports in the engine. There are two valves
namely intake and exhaust valves present in
the engines. These valves are made up of nickel,
chromium alloy steel or silicon chromium alloy
steel. The head of the intake valve is generally
larger in size than the exhaust valve. These

valves are made up of the process called drop
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forging. In the present days, exhaust valves are
produced by austenitic steel. Generally poppet

valves are used in present engines.

5.3.13.1 Methods of operating the valves:

In the engine, operating mechanism
of the valve varies with the position of the
valve arrangements. Valves are placed on the
cylinder head in such a way that the valve
is moved downwards to open the ports. In
another system, valve is placed at the cylinder
head in such a way to move upwards to open
the ports. Valve mechanisms are generally

classified into,

a. Over head poppet valve mechanism

b. Straight poppet valve mechanism

a) Over head poppet valve mechanism:

Construction

This consists of two moving parts,
namely push rod and rocker arm. Cam in the
can shaft is always in touch with the tappet. One
end of the push rod is in contact with tappet and

other end with the rocker arm. The other end of
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S Operation
INTAKE MARGIN BXH‘A’l‘JST
VALVE rcs = When the engine runs, the crank shaft
\ . Lt rotates. As the crank shaft is connected with the

cam shaft with the help of the timing gear and

chain arrangement the cam shaft rotates now.

VALVE SPRING
RETAINER LOCK

GROOVES As the cam shaft rotates, the cam present on the

1l

All Types of Valves end of the rocker arm upwards. As the rocker

cam shaft also rotates. Once the cam rotates,
the tappet (placed on the cam) starts to move
r up and down depends on the rotation of the
cam. Due to this action, the push rod which is
> d$&

in contact with the tappet starts to move up and

e

‘

down. This movement of the push rod lifts one

Figure 5.3.13(a) Valves arm is fitted with rocker shaft, the other end of
the rocker arm moves down towards valve stem

the rocker arm is made in contact with the valve
, due to the lift of the arm end at the push rod side.

stem. Rocker arm on the rocker shaft is placed
] ) ] Due to this valve moves downwards and opens

in such a way that it could easily moved up and
, _ the port. By repeating the cam shaft rotation,

down. Valves are placed in the valve guides on
, tappet, push rod and rocker arm, both inlet and
the cylinder head. Valves are seated properly
) ] ) exhaust valves open and close for inducting the

with the help of valve spring and spring lock.
charge and expelling the hot gases.

TWO STROKEENGINE ~ e intellectual
property firm with
George Croydon
Marks, called Marks
& C lerk. He was \
knighted on 24 ltde Tt B
August 1917.

Dugald C lerk was born in Glasgow
on 31 March 1854, the son of Donald Clerk a

machinist and his wife, Martha Symington. He

Sir Dugald Clerk:
Sir Dugald C lerk (1854, Glasgow
- 1932, Ewhurst, S urrey) was a Scottish

engineer who designed the world’ s first _ .
was privately tutored thenapprenticed to the

firm of Messrs H O Robinson & Co in Glasgow.
From 1871 to 1876 he went to Anderson
College in Glasgow studying engineering then

successful two-stroke engine in 1878 and
patented it in England in 1881.

He was a graduate of Anderson’s
University in Glasgow (now the University of
S trathclyde), and Yorkshire College, Leeds
(now the University of Leeds). He formed

to the Yorkshire College of Science in Leeds.
In the First World War he was Director of
Engineering Research for the Admiralty.
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— ADJUSTING SCREW b) Straight Poppet Valve Mechanism:
SHAFT
ROCKER ARM Construction
CLEARANCE

In this mechanism, all the components

VALVE STEN
M o of the over head valve except push rod, rocker
! _~— VALVE SPRING
o arm were used. Cam on cam shaft touches
W CYLINDER tappet. Tappet directly touches valve stem.

-
!
3 HEAD
The valve is fitted with the help of valve spring

|7 N
«éi\ and the spring lock.
VALVE SEAT
VALVE

-

— 1

)

PUSH ROD %
/ & /

"z ENGINE BLOGK (, ENS&'(E
‘ BL
{»\MLVE LIFTER OR TAPPET . 4 [/ i
/ / / VALVE STEM

j a GUIDE
CAM ﬂ /

% ]

LA V

(A 5

H VALVE

-~ SPRING
(a)

3
Rocker arm RN
:@! Rocker shaft
=

™ Valve clearance CLEARANCE
adjuster ’

Valve
spring b
Exhaust valve -/'
Intake VALVE
valve TAPPET
& ‘ " Pushrod @ @
=4 CAM

Camshaft, % [ Tappet
sprocket ‘ QR Sl 2 Camshaft CAM SHAFT

Figure 5.3.13(c) Straight Poppet Valve

Timing chain Mechanism

Crankshaft/
sprocket
(b) Operation
Figure 5.3.13(b) Over head Poppet When the engine is started the flywheel

Valve Mechanism rotates and the crank shaft starts to rotate. As

the crank shaft and cam shaft are connected
o
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by the timing gear and chain the cam shaft
rotates. By the rotation of cam shaft the tappet
started to move upwards. As the tappet is
directly in contact with the valve stem when
the tappet moves upwards the valve stem due
to the lift of the tappet moves upwards and
opens the port. By repeating the cam shaft
rotation and tappet movement both inlet and
exhaust valves open and close for inducting

the charge and expelling the hot gases.

5.3.14 Manifold

Manifolds are the passages through
which the air or air fuel mixture enters into
the combustion chamber and exhaust gases
from the combustion chamber are expelled

out. The manifold are of two types they are,

a) Inlet Manifold
b) Exhaust Manifold

a) Inlet Manifold

Inlet manifold is used to pass the air
from the filter of the diesel engine or air fuel
mixture from carburetor of the petrol engine to
the combustion chambers of all the cylinders.
This intake manifold is generally made of cast
iron. This is fitted at the top of the cylinder head.

TO CYLINDERS
Inlet Manifold

Figure 5.3.14(a)

AM_Unit_05.indd 96

b) Exhaust Manifold

This exhaust manifold is used to
transmit the exhaust gases from the cylinder
to the silencer. This is fitted between the
cylinder head and silencer. This is made of

cast iron.

Exhaust manifold

Figure 5.3.14(b) Exhaust Manifold

5.3.15 Flywheel

This is the important component
of the engine. This arrangement is used for
storing the energy and releasing the energy. It
is used to rotate the crankshaft continuously
from the initial condition due to its inertia.
This is fitted at the end of the crankshaft. It
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stores the power during expansion stroke and
releases the energy during other strokes. It
helps crank shaft to rotate continuously. The
flywheel of any engine is generally made of
cast iron or brass steel. Ring gear is situated at
the periphery of the flywheel. This ring gear
is in mesh with the pinion gear of the start

motor which is used to start the engine.

5.3.16 Silencer

After the
stroke of the engine the

power

exhaust gases get expanded
and expelled through the
exhaust manifold. During
the exhaust process when the gases are passed
through exhaust manifold, due to pressure
differential huge noise is produced. This leads
to noise pollution. In order to reduce the noise

pollution and to operate the engine in smooth

Outlet

Resonator
Chiamber
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condition silencer is used. Silencer acts as
resistant for noise and converts the sound
energy into heat. Fibre glass is generally used
as the insulation material inside the silencer.
Chambered, turbo, straight flow are the types

of silencer used in automobile.

5.4 FOUR STROKE PETROL
ENGINE

Engine running with petrol as a fuel
is called as petrol engine. If a power stroke is
obtained once in every four stroke of piston
(TDC to BDC / BDC to TDC), then the

engine is said to be four stroke petrol engine.

Construction

The figure shows the construction of
a single cylinder petrol engine. In this the
reciprocating motion of a cylinder is converted
into rotary motion of crankshaft with the help
of connecting rod. One end of connecting
rod is connected to piston and another end
it is connected to crankshaft. In crankshaft,
flywheel is attached at one end and vibration
damper, fan belt pulley is attached at the
other end. Intake valve, exhaust valve, spark
plug is mounted above the top of the cylinder.
The fresh air fuel mixture is inducted through
intake valve and the burnt gases are sent out
through exhaust valve. The opening and
closing of valve are made by camshaft. The
camshaft and crankshaft are connected by
means of timing gear. The four stroke petrol

engine is shown in Figure 5.4.

In any internal combustion engine, the
following definite sequence of events called

strokes namely
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Exhaust FOUR-STROKE CYCLE ENGINE Exhaust
Intake valve  vaive vaive
{closed) Spark plug (opened)

(b) Compression
Stroke

(a) Intake
Stroke

Igniticn

(d) Exhaust
Stroke

Figure 5.4 Working of Four Stroke Petrol Engine

Suction Stroke,
Compression Stroke,

Power Stroke And

o0 ® e

Exhaust Stroke

The above four strokes will form a
cycle. If the cycle of operations is completed
in four strokes of the piston or two revolu-
tions of the crankshaft or one revolution of
the camshaft, then it is called as a four-stroke

engine.

a) Suction Stroke

During the suction stroke, the piston
moves downward from Top Dead Centre
to Bottom Dead Centre. The intake valve
is open and exhaust valve is closed. This
downward movement of the piston produces
a partial void, or vacuum, in the cylinder,
and air - fuel mixture rushes into the cylinder

through the opened intake valve.
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Figure 5.4(a)

b) Compression Stroke

The charge taken into the cylinder
during the suction stroke is compressed by
the return stroke of the piston. The piston
travels from bottom dead centre to top dead
centre. During compression stroke both inlet

and exhaust valves are in closed position.
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The mixture which fills the entire cylinder
volume is now compressed into the clearance
volume. At the end of the compression stroke

the mixture is ignited with the help of a spark

plug located on the cylinder head.

&

2

Figure 5.4(b)

¢) Power Stroke

Rapid combustion of the fuel
releases heat and there is an increases in
the temperature inside the combustion

chamber. The increased temperature of the

Figure 5.4(c)
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gases also produces an increased pressure in
the combustion chamber. The high pressure
of the gases acting on the face of the piston
causes the piston to move from TDC to BDC.
This reciprocating motion is converted into
the rotary motion of crankshaft through
connecting rod. During power stroke,
both inlet and exhaust valves are in closed
condition. As the piston travels downward,
there will be drop in combustion pressure
and temperature as the volume increases. At
the end of power stroke, exhaust stroke will
be started.

d) Exhaust Stroke

At the end of power stroke, exhaust
stroke will be started. During this stroke, the
exhaust vavle will be open and the inlet value
will be closed. When the piston from BDC to
TDC, the burnt air fuel mixture is sent out

through exhaust valve.

At the end of exhaust stroke, the intake
stroke of the next cycle starts and this keep

the engine in running condition.

Figure 5.4(d)
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Scavenging

At the end of exhaust stroke the
exhaust valve is open and at the start of
intake stroke, the inlet valve is kept open. At
this time, fresh air - fuel mixture for the next
cycle will pushes out the exhaust gases of the
previous cycle. Thus, Scavenging is the pro-
cess of removal of exhaust gases by blowing

in fresh air.

Valve Over Lap

At the end of exhaust stroke the
exhaust valve is open and at the start of intake
stroke, the inlet valve is kept open. The time
duration in which both the valves are kept

open is called as valve overlap.

Advantages

Fuel economy

Lubrication oil Consumption is less
Can be used in different vehicle
Thermal Efficiency is high
Volumetric Efficiency is high

g aaaaaaa

Low wear and tear

Disadvantages

O Number of parts are more
Mechanical Efficiency is low
Maintenance cost is more

Complicated design

aaad

More space is required

Valve Timing Diagram For A Four
Stroke Petrol Engine

In a four stroke engine, an engine
cycle to produce power is done on every two

revolution of crankshaft. Theoretically it may
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be assumed that the valves open and close
and the spark (or injection of fuel)occurs at
the engine dead centres. However, in actual
operation, the valves do not operate at dead
centre positions but operate some degree on
either side of the dead centres. The opening
occurs earlier and the exhaust continues even
at later crank angles. The ignition is also
timed to occur in advance of the completion

of compression stroke.

The timings of this sequence of
events can be shown graphically in terms of
crank angles from dead centre position. This

diagram is known as valve timing diagram. It

is shown in figure 5.4(e).

bdc
Actual

TDC = Top dead centre, BDC = Bottom
dead centre, IVO = Inlet valve opens
IVC = Inlet valve closes, EVO = Exhaust

valve opens, EVC = Exhaust valve closes

Figure 5.4(e)

Four Stroke Petrol Engine

Valve Timing Diagram For
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Intake valve timing:

The inlet valve will be open 10° to
30° before TDC (i.e during exhaust stroke),
remain open during suction stroke and
closes at 30° to 40° after BDC (i.e. during
compression stroke). This gives the inlet valve
a total opening of 220° of crankshaft rotation.
This will ensure the full induction of fresh

charge in cylinder during suction stroke.

After the inlet valve closed in the
compression stroke, the air fuel mixture is
compressed by the piston. This will increase

the pressure and temperature in the cylinder.

With both intake and exhaust valve
are in closed condition, the spark will be
introduced by the ignition system through
spark plug at 20° to 40° before TDC. These
will initialise the combustion and the air fuel
mixture will be burned in the combustion
chamber. Thus the chemical energy of the

fuel is converted into heat energy.

Exhaust valve timing:

The exhaust valve opens at 30° to 60°
before the completion of power stroke. Due
to this, the gases have an outlet for expansion,
which removes the greater part of the burnt
gases. The valves remain open during open
during the exhaust stroke and it is closed at
20° after TDC, during the intake stroke of the

next cycle.

Scavenaging

The inlet valve will be open 10° to 30°
before TDC and at the same time the exhaust

valve is already in the open condition. This
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will make the fresh charge to push out the
burnt out gases from the cylinder. Scavenging
will be made till 20°After TDC.

Valve over Lap

The portion of the operating cycle in
which, when the piston is passing TDC (top
dead centre) on the exhaust stroke, both the
intake and exhaust valves are open. It is usually
expressed in degrees of crankshaft rotation.
Valve overlap is necessary for the efficient
flow of gases in and out of the combustion

chamber.

5.5 TWO STROKE PETROL
ENGINE

The two stroke cycle engine completes
one power stroke in one revolution of a
crankshaft.

Construction

Inside the engine, the small end of
the connecting rod is connected to the piston
with the help of piston pin. The big end of the
connecting rod is connected to the crankpin
of the crankshaft. When the crankshaft
rotates, the piston will reciprocate on the
cylinder and vice versa. There is no inlet and
exhaust valves as in case of four-stroke engine
but consists of the inlet port (IP), an exhaust
port (EP) and transfer port (TP). The fresh
charge enters into the crankcase through
inlet port. Transfer port is used to transfer
the compressed charge from crankcase to the
cylinder. Exhaust port is used to transfer the
burnt gases out of the engine. The movement
of the piston will open and closes the ports. A

spark plug will be placed in the engine head.
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Crank shaft
Crank

Figure 5.5(a) Two Stroke Petrol Engine

Working principle

In two stroke engine, all the four events
namely suction, compression, power and
exhaust cannot be distinctly identified. For
each revolution of crankshaft or for every two
stroke of piston, a working / power stroke is
obtained. Hence the cycle of operation can be
explained with two stroke of piston movement

namely Upward stroke and Downward stroke.

Upward Stroke

During upward stroke, the piston
moves from BDC to TDC. It expels the burnt
gases to the atmosphere through the exhaust
port. It closes the transfer port and then the
exhaust port. Then it compresses the already
inducted charge (air-fuel mixture) in the
combustion chamber of the cylinder. At the
end of the upward stroke, the ignition of the
fresh charge is takes place by the spark plug.

Further, the upward movement of
the piston a partial vacuum is created in the
crankcase and this allows the entry of the fresh
charge into the crankcase through uncovered
inlet port. The exhaust port and the inlet port

remains covered when the piston at the TDC.

Downward stroke:

As soon as the combustion of the fresh

charge takes place, a large amount of the hot

Burning fuel
) forces piston
Fuel is down, compressing
compressed fuel mixture Burned fuel
and ignited. in crankcase. is pushed out
by compressed
fuel mixture.
Transfer port is =
Transfer port uncovered and

is covered.

Fuel mixture
is drawn into
crankcase.

valve open

upstroke

Figure 5.5(b)
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fuel mixture
forced into
cylinder.

crankcase

Intake port

is covered and
valve forced closed. \\

downstroke

Upword and Downword Stroke of Two Stroke Petrol Engine

S

@
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gases is produced and this exerts a very high
pressure force on the top of the piston. Due
to this high pressure force, the piston moves
downward and rotates the crankshaft and

does useful work.

During this stroke the inlet port is cov-
ered by the piston and the new charge is com-
pressed in the crankcase due to the downward

movement of piston.

Further downward movement of the
piston uncovers first the exhaust and the

exhaust starts through the exhaust port.

Further downward movement of the
piston uncovers port the transfer port and the

charge through it is forced into the cylinder.

The charge strikes the deflector on the
piston crown, rises to the top of the cylinder

and pushes out most of the exhaust gases.

The piston is now at BDC position.
The cylinder is completely filled with the

IPO
5 /

Compression

Scavenging
Process

fresh charge but it is somewhat diluted with

the exhaust gases.

Finally the cycle event is then repeated
and the power stroke is obtained for the every

single revolution of the crankshaft.

Reason for less power in two stroke engine

a

The fresh air fuel charge is mixed with

exhaust gas and sent out before combustion
O The charge is diluted by the burnt gases due
to incomplete scavenging.
Combustion is improper as lubrication oil is
mixed with fresh charge

a

Volumetric efficiency of the engine is low.

Advantages:

O Smoother in operation

O It

mechanism.

is simpler in construction and

TDC - Top Dead Center
BDC— Bottom Dead Center
IPO — Inlet Port Opens

IPC — Inlet port Closes

EPO — Exhaust Port Opens
EPC — Exhaust Port Closes
TPO —Transfer Port Opens
TPC - Transfer Port Closes
IS — Ignition Starts

Expansion

BDC Exhaust & Suction

Figure 5.5(c)
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Power developed by the two stroke engine
is twice that developed by the four stroke

engine for the same engine speed and volume.

Q

Cost of the engine is less since less no. of parts

a

Less maintenance since fewer spare parts

due to its simple design

Q

Low manufacturing cost

a

It has high mechanical efficiency.

Q

A two stroke engine is more compact, light
and requires less space
Disadvantages:

O It has high fuel consumption

O It does more consumption of the lubricat-

a

Not suitable for heavy vehicles

Q

There is a greater wear and tear of moving
parts.

Thermal efficiency is less than four stroke
engine.

The charge is diluted by the burnt gases due

to incomplete scavenging.

It produces greater noise.

5.6 COMPARISON OF TWO
STROKE AND FOUR STROKE
ENGINE

The two stroke and four stroke engine

are compared and their differences are given

ing oil. below (Table 5.6).
Table 5.6 Differnce Between Two Stroke and Four Stroke Engine
S.no Two Stroke Engine Four Stroke Engine

one power stroke.

3. |It requires lighter flywheel because it

revolution for one power stroke.
4. | One non-power stroke in a cycle
5. | Engines are lighter

6. | Engine construction is simple.

fuel mixture

8. | Ports are opened and closed by piston

movements

9. |Less no. of moving parts

generate more smoke.

1. | It has one revolution of crankshaft within

2. |2 strokes are required to complete a cycle.

generates more balanced force due to one

7. | Ports are used for inlet and outlet of air

10. | Volumetric efficiency is less
11. | Thermal efficiency is less
12. | Two stroke engines are less efficient and

It has two revolution of crankshaft between

one power strokes.
4 strokes are required to complete a cycle.

It requires heavy flywheel because it
generates unbalance force due to two

revolutions for one power stroke.
Three non-power stroke in a cycle
Engines are heavier

The Engine construction is a bit

complicated

Valves are used for inlet and outlet of air

fuel mixture

Valves are operated by separate valve

operating mechanism.

More no. of moving parts
Volumetric efficiency is more
Thermal efficiency is more

Four stroke engines are more efficient and

generate less smoke.
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S.no Two Stroke Engine Four Stroke Engine
13. | These engines are easy to manufacture. These engines are comparatively hard to
manufacture.
14. | More wear and tear occurs Less wear and tear occurs.

15. | A part of air fresh air fuel mixture mixes | Burnt out gases is not mixed with fresh

with the exhaust gas, hence less power. charge, hence more power.
16. | Fuel consumption is more. Fuel consumption is less
17. | High power-to-weight ratio Less power-to-weight ratio
18. | More noise Less noise
19. | Air cooled engine. Air / water cooled engine.
20. | Works based on Clerk cycle. Works based on otto / diesel cycle

21. |Easy lubrication due to lubrication oil mix | Complex lubrication mechanism
with the fuel.
22. | Consumption of lubrication oil is more Consumption of lubrication oil is less
because some oil burns with fuel.
23. |Less weight More weight

24. | Used in scooter, mopeds, auto rickwsaw. | Used in motor cycles, autoricksaw, car, bus,

lorry, trucks, tractors etc.

5.7 FOUR STROKE DIESEL ratio for diesel engine is higher and it will be
ENGINE ranging from 16: 1 to 20 : 1. The compression
The engine which uses diesel as a fuel ratio for a petrol engine is 10:1. During
is called as diesel engine. The compression suction stroke, the air alone is inducted. The

fuel is pressured and distributed to various

INJECTOR

cylinders through the fuel injection pump.
PORT g Diesel injector will be located in cylinder head

for injecting the diesel fuel at high pressure.

There i k plug. All th ini
EXHAUST ere 1S no spark plug the remaining

VALVE parts are similar to petrol engine.

INTAKE
VALVE

2 P o e

‘ié:é;--_- ;

PISTON .
Construction

The construction of a single cylinder

diesel engine is shown in above figure. The
reciprocating motion of a piston is converted
into rotary motion of a crankshaft through
connecting rod. The piston and the crankshaft
are connected by means of a connecting rod.
The flywheel is attached to the one end of the

-

Figure 5.7(a) Four Stroke Diesel Engine
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ae)
9]
7]
o
p—
o

closed

Suction Compression
stroke stroke
Figure 5.7(b)

crankshaft and on another side a pulley is
attached to it. Inlet valve, exhaust valve and
fuel injector are located on the engine head.
The inlet valve will allow the air inside the
cylinder, the fuel injector will inject the fuel
and the exhaust valve will sent the burnt gases
to the atmosphere. The valves are operated
by the camshaft. The camshaft is driven by
crankshaft through timing gear.

The following sequence of events will
occur continuously for the engine operation.

The figure shows the sequence of events

a
a

Air alone induced inside the cylinder
Air alone compressed

Finely automised diesel fuel is injected onto

the compressed air followed by combustion

Burnt gases are let out from the cylinder.

The above sequence of operation

forms a cycle and for each operation, a piston
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Power
stroke
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ae)
7]
7]
o
p—
o

open

exhaust
out

Exhaust
stroke

Working of Four Stroke Diesel Engine

stroke is required. Thus for four operation,
four strokes are required and hence it is called
as four stroke engine. The four strokes are

namely called

i. Suction Stroke
li. Compression Stroke
lii. Power Stroke

Iv. Exhaust Stroke

i) Suction Stroke

In this stroke, the piston moves down
from the top dead centre towards the bot-
tom dead centre. The inlet valve opens and
the air is drawn into the cylinder due to the
vacuum created inside the cylinder. To fill the
vacuum, the air is entered inside the cylinder.
The inlet valve closes at the end of the stroke
and the exhaust valve remains closed during
this stroke.
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iii) Power Stroke

The hot gases which are produced due
to ignition of fuel during compression stroke
and compressed air now expand adiabatically,
in the cylinder pushing the piston down
towards the BDC. This downward movement
of the piston is converted into rotary motion
of the crankshaft and hence work is done.
During expansion, the pressure and the
temperature reduce. In this stroke, both inlet

and exhaust valve remain closed.

Suction
stroke

Figure 5.7.1(a) Suction Stroke
ii) Compression Stroke

In this stroke, the piston moves up from
bottom dead centre to top dead centre. During
this stroke, both inlet and exhaust valves are
closed. The air drawn into the cylinder during
suction stroke is entrapped inside the cylinder
and compressed due to upward movement of
the piston. The fuel is injected at the end of the
compression stroke by the injector and the fuel

ignites. Power

stroke

closed
closed

Figure 5.7.1(c) Power Stroke
iv) Exhaust Stroke

At the end of the power stroke, exhaust
stroke will start. In this stroke, the piston again
moves upward. The exhaust valve opens, while
inlet valve is closed. A greater part of the burnt
fuel gases escapes due to their own expansion.

Compression The upward movement of the piston pushes the
stroke remaining gases out through the open exhaust
valve. At the end of an exhaust stroke, the exhaust
valve closes and the cycle is thus completed and

Figure 5.7.1(b) Compression Stroke
§ ) P suction stroke of next cycle is started.

-
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closed
open

exhaust
out

Exhaust
stroke

Figure 5.7.1(d) Exhaust Stroke

Scavenging

During the end of exhaust stroke and
start of the suction stroke, the inlet valve and
exhaust valve will be kept open condition.
This will make the fresh charge to push out
the burnt out gases from the cylinder and this

phenomenon is called as scavenging.

Valve over Lap

The portion of the operating cycle in
which both the intake and exhaust valves are
kept open is called as valve overlap. It is usually
expressed in degrees of crankshaft rotation.
Valve overlap is necessary for the efficient flow

of gases in and out of the combustion chamber.

Advantages

Operating cost is less

Lubrication oil consumption is less
Can be used in all types of vehicle
Thermal Efficiency is high
Volumetric Efficiency is high

g aaaaaaa

Wear and tear is less
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Disadvantages

O No. of moving parts is more
Mechanical Efficiency is low
Maintenance cost is more

Complicated design

aaad

More space is required

Valve timing diagram of four stroke
diesel engine

The valve timing diagram for a four
stroke cycle diesel engine is shown in Figure
5.7 (a) below:

In a four stroke diesel engine, an engine
cycle to produce power is done on every two
revolution of crankshaft. It may be assumed
that the valves open and close and injection
of fuel occurs at the engine dead centres.
However, in actual operation, the valves do not
operate at dead centre positions but operate
some degree on either side of the dead centres.
The opening occurs earlier and the exhaust
continues even at later crank angles. The fuel
injection is also timed to occur in advance of
the completion of compression stroke. The
diagram which shows the position of crank
of four stroke engine at the beginning and at
the end of suction, compression, expansion
and exhaust of the engine are called as valve
timing diagram. This diagram is known as

valve timing diagram.

Inlet valve opening and closing:

In an actual engine, the inlet valve
begins to open 10° to 25°before the piston
reaches the TDC during the exhaust stroke.
This is necessary to ensure that the valve will

be fully open when the piston reaches the
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BDC
ACTUAL VALVE TIMING DIAGRAM

Fig 5.7(a)

TDC. If the inlet valve is allowed to close at
BDC, the cylinder would receive less amount
of air than its capacity. To avoid this, the inlet
valve is kept open for 25°to 45°after the BDC,
during the compression stroke. This will
ensure the full induction of fresh charge in

cylinder during suction stroke.

After the inlet valve closed in the
compression stroke, the air is compressed by
the upward motion of the piston. This will
increase the pressure and temperature inside

the cylinder.

With both intake and exhaust valve
are in closed condition, the fuel injector will
inject the diesel fuel at high pressure at 5°
to 10° before TDC. The temperature of the
compressed air at the end of compression
stroke is sufficient enough to initialise the
finely automised diesel fuel for combustion.
The air fuel mixture will be burned in the

combustion chamber. Thus the chemical
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IVO - Inlet Valve Open

IVC - Inlet Valve Close

EVO - Exhaust Valve Open

EVC - Exhaust Valve Close

FVO - Fuel Valve Open

FVC - Fuel Valve Close

ab - Suction - more than 180°

bc - Compression - less than 180°
cd - Expansion - less than 180°
de - Exhaust - more than 180°

-

Valve Timing Diagram of Four Stroke Diesel Engine

energy of the fuel is converted into heat
energy. Based on the speed of the engine, the
fuel is injected even 25° before TDC.

Exhaust valve timing:

The exhaust valve opens at 30° to 60°
before the completion of power stroke. Due
to this, the gases have an outlet for expansion,
which removes the greater part of the burnt
gases. The valves remain open during open
during the exhaust stroke and it is closed at 20°
after TDC, during the intake stroke of the next

cycle.

Scavenging

The inlet valve will be open 10° to
30° before TDC during exhaust stroke and at
the same time the exhaust valve is already in
the open condition. This will make the fresh
charge to push out the burnt out gases from
the cylinder. Scavenging will be made till 20°
after TDC.
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Valve over lap

The portion of the operating cycle in
which, when the piston is passing TDC (top
dead centre) on the exhaust stroke, both the
intake and exhaust valves are open. It is usually
expressed in degrees of crankshaft rotation.
Valve overlap is necessary for the efficient
flow of gases in and out of the combustion
chamber. It is will vary with respect to size

and configuration of engine.

5.8 TWO STROKE DIESEL
ENGINE

When the cycle of operation of engine
completes in one revolution of the crankshaft
or two stroke of the piston and one power
stroke is obtained in each revolution of a
crankshaft, then the engine is called as two

stroke engine.

Construction

Inside the engine, the small end of
the connecting rod is connected to the piston
with the help of piston pin. The big end of the
connecting rod is connected to the crankpin
of the crankshaft. When the crankshaft
rotates, the piston will reciprocate on the
cylinder and vice versa. There is no inlet and
exhaust valves as in case of four-stroke engine
but consists of the inlet port (IP), an exhaust
port (EP) and transfer port (TP). The fresh
charge enters into the crankcase through
inlet port. Transfer port is used to transfer
the compressed charge from crankcase to the
cylinder. Exhaust port is used to transfer the
burnt gases out of the engine. The movement
of the piston will open and closes the ports. A

fuel injector is placed in the engine head.
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Piston —- Connecting
rod
Crank shaft
Crank
Figure 5.8(a) Two Stroke Diesel Engine
Working principle

In two stroke engine, all the four events
namely suction, compression, power and
exhaust cannot be distinctly identified. For
each revolution of crankshaft or for every two
stroke of piston, a working / power stroke is
obtained. Hence the cycle of operation can be
explained with two stroke of piston movement

namely Upward stroke and Downward stroke.

Upward Stroke

During upward stroke, the piston
moves from BDC to TDC. It expels the
burnt gases to the atmosphere through the
exhaust port. It closes the transfer port and
then the exhaust port. Then it compresses the
already inducted charge (air-fuel mixture)
in the combustion chamber of the cylinder.
At the end of the upward stroke, the diesel
fuel is injected at high pressure through fuel
injection nozzle and this will automise the
fuel. The temperature of the compressed air
is sufficient enough to ignite the diesel and

combustion is take place.
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Valve

Transfer Port

Outlet Port

Fig 5.8(b) Upward and Downward Stroke of Two Stroke Diesel Engine

Further, the upward movement of
the piston a partial vacuum is created in the
crankcase and this allows the entry of the fresh
charge into the crankcase through uncovered
inlet port. The exhaust port and the inlet port

remains covered when the piston at the TDC.

Downward stroke:

As soon as the combustion of the fresh
charge takes place, a large amount of the hot
gases is produced and this exerts a very high
pressure force on the top of the piston. Due
to this high pressure force, the piston moves
downward and rotates the crankshaft and

does useful work.

During this stroke the inlet port is cov-
ered by the piston and the new charge is com-
pressed in the crankcase due to the downward

movement of piston.
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Further downward movement of the
piston uncovers first the exhaust and the

exhaust starts through the exhaust port.

Further downward movement of the
piston uncovers port the transfer port and the

fresh air is forced into the cylinder.

The fresh air strikes the deflector on
the piston crown, rises to the top of the cylin-

der and pushes out most of the exhaust gases.

The piston is now at BDC position.
The cylinder is completely filled with the
fresh charge but it is somewhat diluted with

the exhaust gases.

Finally the cycle event is then repeated
and the power stroke is obtained for the every

single revolution of the crankshaft.
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TWO STROKE TIMING DIAGRAM
3 POWER

1 -2 Compression 1. approx 110° BTDC
IPO
7 IPC 2 - 3 Fuel Injection 2. approx 10° BTDC
8
3 - 4 Power 3. approx 12° ATDC

4 - 5 Exhaust Blowdown 4. approx 110° ATDC

5 - 6 Scavenging 5. approx 140° ATDC
EPC1 4EPO
6 - 1 Post Scavenging 6. approx 140° BTDC
TPC 7 - 8 Air Induction

BDC

Fig 5.8(c) Port Timing Diagram of Two Stroke Diesel Engine

“(
Student Activity ﬁ

1. Students should visit the nearby workshops to study the types of petrol and diesel engines,
and also to study the purpose of piston, connecting rod, crank shaft, camshaft, timing gear

and flywheel.

2. Students should visit the nearby engine service centre and should prepare a sketch of engine

block, crank case, cylinder head and gasket.

[ImT | §
. ‘J_..E: ' Glossary

Converted - wTHDLD
Compressed R LAY
Combustion - erfluy” (HBHev
Prolonged - BYss
Surrounded - &MmILYDLD
Liner - 2 e
Combustion Chamber - erflujbyemm
Lubrication - 2 wal(hse
Top Dead Centre - GuwedvFlewsv
Bottom Dead Centre - Spmplewev
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AM_Unit_05.indd 112 @ 12/20/2019 5:26:42 PM



®

www.tnschoolbooks.in

é’& References

SAMPLE QUESTIONS
Choose the correct answer:

1.

AM_Unit_05.indd 113

Which material is used for manufactur-
ing cylinder block?

a) Gray cast iron or aluminum alloy
b) Cast iron or steel

c) Brass or steel

. Which liner has directly contact with

cooling water?
a) Dryliner
b) Wet liner
¢) None

. Conecting rod is used to

a) to connect crank shaft and cylinder
head
b) to connect crank shaft and piston

c) to connect crank shaft and cylinder
block

. Which type of piston pin is mostly used

now a days?

a) semi floating type
b) full floating type
c) fixed type
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Order of the strokes for getting power.
a) Exhaust,suction, power, compression
b) Suction, exhaust power, compression

<)

Which is used to open the valve in
Engine?

a) Crank shaft.

b) Cam shaft

c) Fly wheel

suction, compression power, exhaust

Which liner is does not contact with
cooling water?

a) Dryliner

b) Wet liner

¢) None

Where is vibration Damber located?
a) In front of the Crank shaft.
b) Back side of the crank shaft

¢) In front of the Cam shaft.

Which indicates cycle of operation

engine?

a) Exhaust, suction, power,
compression

b) Suction, exhaust power,
compression

c) suction, compression power,

exhaust

Which is used to prevent leakage
between cylinder and cylinder head?

a) Gasket

b) Oil seal

¢) Dust cover

.

Answer the following questions:

1.
2.
3.

10.

11.

12.

Who is invented Petrol Engine?
Who is invented Diesel Engine?

Write any 10 important parts of I.C.
Engine.

What are the two types of cylinder liners?
What is the purpose of Gasket?

State any five method to control the
expansion of the piston due to over heat.

Name the types of Piston.
What is meant by Vibration Damper?

In how many ways Piston and connecting
rod are connected? Mention the names.

Draw a neat sketch of Over head Puppet
Valve mechanism and explain the same.

Draw a neat sketch of Straight Puppet
mechanism and explain the same.

Draw a neat of Four Stroke Petrol Engine
and explain the working principle.
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6.1 Effects of Pollutants
6.2 Fuel Tank
6.3 Fuel Filter
6.4 Air Filter
6.4.1 Dry Type Air Cleaner
6.4.2 QOil Bath Type Air Cleaner
6.4.3 Oil Wetted Type Air Cleaner
6.5 Fuel Pump
6.5.1 Petrol Fuel Pumps
6.5.2 Diesel Fuel Injection Pump
6.6 Feed Pump
® 6.6.1 Single Acting Pump @
6.6.2 Double Acting Pump
6.7 Inlet Manifold
6.8 Carburettors
6.9 Fuel Injectors
6.10 Nozzle
6.10.1 Single Whole Nozzle
6.10.2 Multi Whole Nozzle
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6.11 Combustion Chambers
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Engines
6.12 Exhaust System
6.12.1 Exhaust Manifold
6.12.2 Exhaust Pipe
6.12.3 Exhaust Muffiers
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6.15 Pollution
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Learning Objectives )}>>©

o To learn about the engine emissions along with its impact on humans

and environment.

» To learn about the engine firing procedure.

6.0 INTRODUCTION

In the earth, all the living organisms,
animals and human beings are living with
the help of oxygen present in nature (or)
atmosphere. For producing power and food
they use energy obtained from burning

ing their automobiles. Human beings use

human beings, animals and all the plants
can live peacefully without any diseases.
The following are the important pollutant
emissions coming out from the internal
combustion engines.

Particulate (solid, liquid pollution)

the fuel. Human beings use different fuels 1. Carbon Monoxide
to get their heat energy according to their 2. Nitric Oxide
needs. In the same way they use heat energy 3. Hydro Carbon
obtained from burning the fuel for operat- 4. Smoke

5.

6.

different approaches for burning the fuels
to produce energy or power. For attaining
such strategies, they using separate systems
for transferring fuel from the fuel tank in
to combustion chamber. The system used to
perform this function is called as the intake
system. The exhaust gases produced from
the combustion of fuel inside the combus-
tion chamber are sent out of the engine by
another system called as the exhaust system.

6.1 EFFECTS OF POLLUTANTS

The exhaust emissions released from
the engine combustion chamber are toxic
to the human beings and highly pollute
the environment. Hence it is advisable to
produce less emission from the engines.
It can be achieved by burning the fuels
completely in the engine combustion
chamber. By controlling the pollutants from
the automotive engines, the environment
can be maintained as clean and all the

Sulfur Dioxide and etc.,

The following picture and table
present the effects of the above pollutants
on human beings

In order to reduce the formation
of the above hazardous pollutants the
fuel must be burnt completely inside the

Impact of Air Pollutants on Human Health:
The Central Nervous System

Cognitive
Cardiovascular Decline in the Elderly

s

Autism 4= QOutdoor Air Pollution ™® stroke

(l\

Pulmonary Disease

Impaired Psychosocial Increased Depressive
Development in Children Symptoms in the Elderly

? Neurodegenerative Disease ?
Augment or Initiate?

Figure 6.1

.
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Table 6.1 Effects of pollutants

Pollutants

Effects

1. Carbon monoxide

Reduces the oxidation in the blood. It affects the nerves,
the heart and the eyes.

2. Nitric oxide

Affects human’s cells and blood flow.

3. Hydro carbon

It affects the human eyes.

4. smoke

It affects the human eyes.

5. Particulate matter

(solid, liquid pollution) inhaling.

It leads to cancer, bronchitis and allergy like diseases by

6. Sulfur dioxide

It affects human beings and plants.

engine itself in the vehicle. The way of
supplying the fuel and air inside the engine
combustion chamber plays an important
role in achieving complete combustion.
The system used for supplying appropriate
air and fuel at the appropriate timing
inside the combustion chamber of the
engine is called as the “intake system”
The important components of the engine
intake system are

1. Fuel Tank

2. Fuel Filter (Petrol & Diesel)

3. Air Filter

4. Fuel Pump (Petrol and Diesel)
5. Feeding Pump

6. Inlet Manifold

7. Carburettor

8. Injector

9. Nozzle

10. Combustion chamber.

6.2. FUEL TANK

The fuel tank is used to store the
fuel needed to produce output energy in

‘ ‘ AM_Unit_06.indd 117
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Figure 6.2 Fuel Tank

the vehicle. It is made of Galvanized Iron
by pressing process. This fuel tank varies
depending on the cubic capacity of the
vehicle. Similarly, the location of this tank
in the vehicle will vary depends on the type
of vehicle. A separate tank will be generally
mounted on the top of the vehicle chassis
frame according to the fuel filling system.
The fuel tank is shown in Figure 6.2.

6.3. FUEL FILTER

There is a possibility of having
fuel contaminated with dust particles
while filling the fuel or during storage. If
the contaminated fuel is supplied to the
chamber, it leads to incomplete combustion

31-01-2019 17:49:21 ‘ ‘



Figure 6.3 Fuel filter

and creates problem in reciprocating
movement of the piston up and down. The
incomplete combustion causes formation
of pollutants in the exhaust. Hence fuel
filter is used in path way of the fuel supply
line to avoid the above said problems. It
removes the dust particles and sends the
purified fuel to the fuel injector and to the
combustion chamber. Figure 6.3 shows the
Fuel Filter

6.4. AIRFILTER

In any diesel or petrol engine for
achieving combustion of the fuel sufficient
amount of oxygen or pure air is required.
Hence before sending the atmospheric air
into the carburettor in petrol engines or
directly into the combustion chamber in
diesel engines, the air must be purified. In
automobiles there are number of designs in
air filters based on the engine used. If it is a
gasoline engine air filter is mounted at the
carburettor inlet, where as the filter is fitted
at the intake manifold in diesel engine. There
are different types air filters used in vehicles.
Figure 6.4 shows the Air Filter. They are

1. Dry Type Air Cleaner (filter)
2. Oil bath type Air Cleaner (filter)
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Figure 6.4 Air filter

3. Oil coated air filter (Oil wetted type
air cleaner)

Air filters applications (Uses of Air
cleaner)

Though there are many usages of the
air filters in many different applications,
the important usages of the air filter in
automobile are,

1. To send clean air without dust and
contaminates to the carburettor.

2. To avoid mal-functioning of the engine
and prevent damages of the engine parts
due to incomplete combustion

3. To reduce the pressure difference occurs
in the intake manifold and lowers the
noise level. Figure 6.4 shows the Air
Filter

6.4.1 Dry Type Air Cleaner

In this type of air filters, the cover,
filtering partandbottlehousingarecoupled
with each other. When the air is inducted
to the filter through the filter cover, the
dust particles and contaminations in the
air are removed. Then purified air passes
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Figure 6.4.1 Dry Type Air Cleaner

to the upper section of the carburettor
through the filter outlet in the intake air
path and enters into the carburettor. In
this type of filters, a number of folded
paper elements are used as a filter. Figure
6.4.1 shows the Dry Type Air Cleaner.

6.4.2 Oil Bath Type Air Cleaner

In oil bath type, the air filter is
filled with oil in the container such as
a tank. This type of filter is made up of
copper metal and looks like a spider net
in ring shape. It is enclosed in the middle
of the tank filled with oil and the upper
cover kept in closed position. Due to the
reciprocating downward movement of
piston the air is sucked in to the engine
through the intake manifold where the air
filter is fixed. The air is initially passed
through the oil present in the filter tank,
where surface of the oil absorbs larger size
dust particles in it. After that the smaller
size dust particles in the air are removed
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Figure 6.4.2 Oil Bath Type Air Cleaner

by the filter. The filtration components
and oil container are fitted separately in
this type of filters. Figure 6.4.2 shows the
Oil Bath Type Air Cleaner.

6.4.3 Oil Wetted Type Air Cleaner

In this type of filter, the filter is not
dipped in the oil in the tank. Instead, the
surface of the filter will be coated with oil.
The air passing through the filter initially
touches the oil on the filter and removes
larger size dust particles and impuri-
ties. After that the air is passed into the
net shaped filter and the air gets purified
again and the cleaned air is sent to the
engine. Generally, in automobiles after
running for 8000 kilometers the filter is

. OiL RESERVOR
UNFILTERED AR
FILTERED AIR

Figure 6.4.3 Oil Wetted Type Air Cleaner

TO CARBURETOR
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cleaned with petrol or paraffin and can be
reused. Figure 6.4.3 shows the Oil Wetted
Type Air Cleaner.

6.5. FUEL PUMP

The required amount of fuel (for
producing power) pumped from the fuel
tank to the combustion chamber is trans-
ferred by the device called fuel pump.

It is classified according to the fuel
used as,

1. Fuel Pump (Petrol Engine)
2. Fuel diesel pump (diesel engine)

6.5.1 Petrol Fuel Pumps

A fuel pump is used to transfer the
fuel from the fuel tank through the filter with
appropriate pressure to the float chamber of
the carburettor in gasoline engines to drive
the vehicle. Petrol Fuel pumps are classified
in two types as

1. A.C. Mechanical Fuel Pump
2. S.U. Electric Fuel Pump

Fig6.5.1(a) A.C. Mechanical Fuel Pump

Fig 6.5.1(b) S.U. Electric Fuel Pump
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FUEL RETURN JET
OUTLET PIPE

RETURN PIPE

DIAPHRAGM

ROCKER ARM

Figure 6.5.1 (a) Schematic of A.C.
Mechanical Fuel Pump.

FUEL DAMPER

Figure 6.5.1 (b) S.U. Electrical Fuel Pump.

6.5.2 Diesel Fuel Injection Pump

Unlike in petrol engines, in diesel
engines diesel stored in the fuel tank is
sucked by the Diesel fuel injection pump.
The fuel from the fuel tank is passed
through the fuel filter and feed to the fuel
injection pump. The fuel injection pump
develops high pressure and the pressurized
fuel is sent to the fuel injector and sprayed
into the engine’s combustion chamber.
This fuel injection pump is classified into
two types. They are,
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a) Inline Pump

b) Distributer Pump

6.6 FEED PUMP

Feed pump is another pump
arrangement located between the diesel
fuel tank and the filter in the diesel Fuel
Injection Pump (FIP) block. The drive
for the fuel feed pump is given from the
camshaft of the fuel injection pump by
cam or eccentric. The fuel feed pump is
designed to operate manually by hand
for purging the air in the fuel line when
air bubbles are present. This fuel feed
pump is classified into two types based
on the delivery of fuel continuously or
intermittent while the fuel injection pump

is running. They are

1. Single acting pump
2. Double acting pump

6.6.1 Single Acting Pump
Construction
This type of pump is mounted on

the body of the fuel injection pump. This
single acting pump is driven by the cam

DEUVERY PIPE
o pp—

DELIVERY VALVE

ha / CYLINDER —

/ / PISTON connggnns I8 /(r)

SUCTION VALVE
SUCTION PIPE

wvwv.tnsch@olbooks.in

or eccentric of the fuel injection pump’s
cam shaft. The components such as roller
tapper, pressure spindle and plunger are in
contact with each other and placed inside
the pump body. For emergency purpose,
hand priming device is used to increase
the pressure of fuel. Figure 6.6.1 shows the
Single Acting Pump.

Working Principle

When the engine is started the drive
is received from the engine’s crank shaft
and given to the FIP cam shaft through
timing gears. Now the cam shaft of the
FIP rotates and while rotating the roller
tappet the feed pump is actuated by the
cam or eccentric in the cam shaft. Hence
the plunger is actuated by the action of
the roller tappet. Pressure spindle is now
actuated by the plunger. Therefore, the
fuel in the pressure chamber is pressurized
and sent to the FIP. At the same time the
high-pressure fuel developed in the FIP is
sent to the nozzle (injector) by the FIP. The
quantity of fuel delivered is equal to swept
volume or equal to stroke length. The
delivery passage is closed by the pressure
spindle with the spring force. This is the
way how the single acting pump works.

Check
Valve

Inlet
Check

Head
Seal Valve

Figure 6.6.1 Single Acting Pump
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6.6.2 Double Acting Pump

Construction

This type of pump is similar to the
single acting pump in its construction.
However, it differs from the single acting
pump that the plunger in the pump is
operated in such a way to achieve the
suction and delivery of fuel at the same
time. Figure 6.6.2 shows the Double
Acting Pump.

Working Principle

When the drive is received from
the engine cam shaft, the cam shaft of
the FIP starts rotating and actuates the
roller tappet of the fuel pump. Hence the
plunger moves downward and presses the
pressure spring. Now the pressure valve
and suction valve are opened at the same
time. And the fuel suction and delivery
are achieved at the same time. For each
and every rotation of FIP camshaft, the
pressurized fuel delivery and suction
process are done simultaneously. Since the
two actions are done at the same time, this
pump is called as the double acting pump.

B Delivery j
pipes \
I

L s IPismn rod

D

v 3

S

pipes

Figure 6.6.2 Double Acting Pump

6.7 Inlet Manifold

Inlet manifold is a pipe which is
made up of cast iron or aluminium metal.
It is used to send the air fuel mixture from
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the carburettor to the engine inlet port in
petrol engines and air to the combustion
chamber in diesel engines. It is also a
place to locate the carburettor in petrol
engines. The governor or super charger
can't be fitted here. In L-head engine the
inlet manifold is situated at the adjacent of
cylinder block, and in I- head engine it is
situated at the adjacent of cylinder head.
In V- shape engine it is situated between
the two cylinders. Since the exhaust and
coolant supply are placed close to the
intake manifold there may be possibilities
for the inlet manifold to get heated. Hence
a thermostat valve with coolant circulation
is provided in modern engines to avoid
heating of the intake manifold. Therefore,
by using the thermostat valve, the inlet
manifold can be cooled. The engine is also
heated easily by using the thermostat valve
from low temperature. Therefore, engine
can be started easily. The inlet manifold
of the engine is classified into two types.
They are

1. Dual intake manifold

2. Four-barrel intake manifold

Dual Intake Manifold

L

."é‘,.
ot 1
:}v 1.,
ot
.

Four-Barrel Intake Manifold.

Figure 6.7 Dual and Four-Barrel
Intake Manifold.
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Figure 6.7 shows the Dual Intake
Manifold and Four-barrel intake manifold

on Types
nting

6.8 CARBURETTORS

Carburettor is a device which is
used to atomize the petrol and mix it with
the air in the proportion depending upon
the speed and torque of the engine. This
mixture enters into the engine via inlet =
manifold with the help of carburettor. The -\

" float bowl vent to AL
- charcoal canister . m’

B= Loatie

Figure 6.8 Carburattors

venture in the carburettor is used to mix
the fuel with the air to the required pro-

ortion. After mixing the air fuel mixture
por , 5 , , 1. According to the float chamber
is introduced into the engine cylinder.

Figure 6.8 shows the Carburettors a) Eccentric

b) Concentric

The carburettor is classified into 2. According to the path of air flow
several categories. They are as follows, a) Down Draft

b) Side Draft

® ’ ®

Albert Champion

SPARK PLUG

During the early 1900s, France was the dominant manu-
facturer of spark plugs.

Frenchman, Albert Champion was a bicycle and
motorcycle racer who immigrated to the United States in
1889 to race. As a sideline, Champion manufactured and
sold spark plugs to support himself.

In 1904, Champion moved to Flint, Michigan
where he started the Champion Ignition Company for the
manufacturing of spark plugs.

He later lost control of his company and in 1908
started the AC Spark Plug Company with backing
from Buick Motor Co. AC presumably stood for Albert
Champion.

His AC spark plugs were used in aviation, notably
for the trans-Atlantic flights of Charles LIndbergh and
Amelia Earhart. They also were used in the Apollo rocket
stages.
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c) Up Draft

d) Semi-Down Draft
According to the package
a) Single Unit

b) Double Unit

¢) Four-Barrel Unit.

According to the Types of Metering
System

a) Air-Bleed jet

b) Metering Rod Type
According to the type of venturi
a) Plain Venturi

b) Double Venturi

¢) Vane Venturi

d) Nozzle-Bar Venturi

e) Triple Venturi

Also, it is classified based on the

placement of the carburettor, they are

a) Simple Carburettor
b) S.U Carburettor

¢) Solex Carburettor
d) Zenith Carburettor

e) Cartor Carburettor

LEAK OFF
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6.9 FUEL INJECTORS

Injector plays an important role in
injecting the diesel into the cylinder of
the diesel engine. It injects equal amount
of the fuel to each cylinder as per the
firing order. Injector is used to spray the
diesel fuel into the cylinder in the form
of very fine particles in the range of 20
to 100 micrometers. Due to this, the
diesel fuel is completely mixed with the
air. This leads to complete combustion.
Figure 6.9 shows the Fuel Injector.

The diesel fuel injectors have the
following components,

1. Nozzle body
2. Cap unit

3. Delivery unit

Nozzle body consists of nozzle valve;
spindle, springs, adjusting nut are placed
together. A passage is made on the injector
to pass the high-pressure fuel to inject into
the combustion chamber and the bypass unit

Fuel Rail Rubber Seal
Filter Basket

Solenoid
(Electromagnetic Coil)

Pintle Return Spring

Engine Side Rubber Seal

Pintle Cap

Fuel Outlet Hole

Figure 6.9 Fuel Injector
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is used to let the fuel to go back to the fuel
tank. Figure 6.9 shows the Fuel Injector.

Working Principle of Injectors

By the rotation of engine crankshaft,
the camshaft rotates by using the timing
gear connected with it. Hence the camshaft
connected to the fuel injection pump also
rotates and high pressure is developed in
the fuel injection pump. The pressurized
fuel the fuel tank is supplied to the fuel
injector through the high-pressure fuel
line. The diesel fuel entering the injector
reaches the nozzle and starts to spray with
the help of spring force acting inside the
nozzle. Diesel fuel enters into the nozzle at
very high pressure opens the nozzle valve
by lifting against spring force acting inside
the spindle. Hence the nozzle valve opens
and high-pressure diesel fuel in the nozzle
is injected into the chamber generally at
the pressure of 200 bars in the form of very
fine droplets. The droplets of the diesel fuel
then vaporize and mix with the air inside
the combustion chamber to attain proper
mixture for burning. When the injection
process is over the pressure getting reduced
in the spring inside the nozzle, hence the
spindle moves the nozzle valve downward.
Hence the nozzle valve gets closed. In this
way the diesel fuel injector works.

6.10 NOZZLE

Nozzle is the important component
used for injecting the diesel at very high
pressureat correct timing for the maximum
power output of the engine. It is a part of
injector which is placed at the cylinder
head and has contact with combustion
chamber in order to inject the fuel. It helps
ininjecting the fuel as per the requirements
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Needle

Body

Upper injection
holes cone

Y,

Under injection
holes cone

Figure 6.10 Nozzle

of the engine at different pressures and
at constant temperature with accurate
metering. Nozzle is designed to fit in to
the nozzle valve and it can be assembled
only by the authorized company. A hole
for supplying fuel is available at the tip
of nozzle valve. The diesel entering into
the injector at high pressure is used for
opening the valve and the returning action
is taken by springs provided in the valve.
Figure 6.10 shows the Nozzle.

There are different types of nozzles,

1. Single Hole Nozzle
2. Multi Hole Nozzle
3. Long Stem Nozzle

6.10.1 Single Hole Nozzle

It has a single hole at the tip for
injecting a fuel. The nozzle has a cone
shaped spindle which is used for opening
and closing the nozzle hole. Figure 6.10.1
shows the Single Whole nozzle.

6.10.2 Multi Hole Nozzle

It has a multi holes for injecting
the fuel depending upon the engine
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Small Stem Nozzles are commonly
not used for these types (direct injection)
of engines. Figure 6.10.3 shows the Long
Stem Nozzle.

Some of the long stem nozzles are,

a. Pintle Nozzle

b. Pintaux Nozzle
Figure 6.10.1 Single Whole Nozzle c. Delay Nozzle

a) Pintle Nozzle:

This type of nozzle injects the
fuel which is in the form of pencil’s cone

edge. It is mainly used in the swirl type
/e of combustion chamber, air cell chamber

Figure 6.10.2 Multi Whole Nozzle

requirements. Figure 6.10.2 shows the
® Multi Whole nozzle. ®

6.10.3 Long Stem Nozzle

The long stem nozzle is mainly used
for the direct injection into combustion

chambers. Figure 6.10.3(a) Pintle Nozzle

Figure 6.10.3 Long Stem Nozzle

S

‘ ‘ AM_Unit_06.indd 126 @ 31-01-2019 17:49:23‘ ‘



and Pre-combustion chamber engines.
Figure 6.10.3(a) shows the Pintle Nozzle.

QD

Nozzle valve

/

.

1}

.

i

4
é

DN

Nozzle body

Auxiliary hole
Figure 6.10.3(b) Pintaux Nozzle

This type of nozzle is advancement
in the pintle nozzle type. This type of nozzle
has the tip projected outside and has a hole
in the centre for injecting the fuel. This
type of nozzle can achieve combustion
even in cold starting condition of engine.
Figure 6.10.3(b) shows the Pintaux Nozzle

c) Delay Nozzle:

It is the further advancement
in pintle type nozzle in which the fuel
injection and the amount of fuel injected
into the combustion chamber are
controlled depending on engine speed.
This type of nozzle is called as delay
nozzle.

6.11 COMBUSTION CHAMBERS

The combustion chamber is the
place where the air fuel mixture is burnt. It
is the space covered by the cylinder head,
cylinder wall and piston top. Above the
piston there are inlet and exhaust valves
and a spark plug present in the cylinder
head. Depending on the position of the
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valves, spark plug and the combustion
chamber the engines can be classified as

o L - Head engine
o I - Head engine
o F - Head engine
o T - Head engine
o Spherical shape

L - Head Engine

This type of engine is used for slow
and high speed applications. In this type
of engines the inlet and exhaust valves are
placed in the cylinder block itself and the
valves open the intake and exhaust ports
by moving upward motion. The spark plug
is fitted at the top of the engine cylinder
head. Figure 6.11(a) shows the ‘U Head
Engine.

Figure 6.11(a) L - Head Engine
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Figure 6.11(b): I- Head Engine

I- Head engine

This type of engine is used in high
speed vehicle and racing vehicle. The inlet
and exhaust valves replaced in the cylinder
head and the spark plug is fitted at the side
of cylinder head. Figure 6.11(b) shows the
T Head Engine.

F- Head engine

In this engine the combustion
chamber is designed in stretched manner
at the side way of the engine. The inlet

valve is fitted on the upper side of cylinder
head which moves in downward motion
and exhaust valve is fitted in lower side
of cylinder head which moves in upward
direction and the spark plug is in the side
of cylinder head. Figure 6.11(c) shows the
‘F’ Head Engine.

T- Head engine

It is designed in stretched manner
in both lateral sides, the inlet and exhaust
valves are fitted at the lower side of cylinder

Figure 6.11(c): F - Head Engine
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Figure 6.11(d): T - Head Engine

head in which the valves move in upward a. Open Combustion chamber
direction and the spark plug is fitted at the b. Pre-Combustion chamber
top of cylinder head. Figure 6.11(d) shows . Swirl Combustion chamber
the ‘T Head Engine. '
¢ cad Bngthie d. Squish Combustion chamber ®

Spherical shape

In engines combustion chamber,
if the cylinder head or the piston top has
internally or externally a spherical shape
then the combustion chamber can be called
as spherical combustion chamber. The inlet
and exhaust valves are fitted at the opposite
direction and the spark plug is fitted either
centre or at lateral sides in such engines.

6.11.1 Types of combustion chambers
of diesel engines

Due to high power output of die-
sel engines, the combustion chambers are
designed in different types depending on
the engines torque and speed requirements.
The diesel engine combustion chambers are
mainly of the following,

e. Air cell and energy cell

(a) Open Combustion chamber

This type of combustion is mainly
used in slow and high-speed engines. The
piston head is designed in such a way to
have a (semi spherical) bowl shape and the
injector of the engine is mounted on the
cylinder head. Figure 6.11.1(a) shows the
Open Combustion Chamber.

(b) Pre-Combustion chamber

It is mainly used in high speed
engines. It consists of two chambers such
as auxiliary (or pre) combustion chamber
and other called as the main combustion
chamber. The auxiliary combustion
chamber is small and is used for igniting
the small amount of the air fuel mixture.

-
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Quench Area

Intake

Combustion @

_ Chamber

Turbulence
Piston

Figure 6.11.1(a) Open Combustion
Chamber

Figure 6.11.1(b) Pre-Combustion
Chamber

The mixture first starts ignited in the
auxiliary chamber and the combustion
flame travels towards the main combustion
chamber for the burning the rest of the air
fuel mixture. Normally Glow plug is used
to initiate combustion of the mixture. The
glow plug will be located at the auxiliary
chamber. Figure 6.11.1(b) shows the Pre-
Combustion Chamber.

(c) Swirl Combustion chamber

It is also known as the turbulent
chamber. The air enters into the combus-
tion chamber in swirl motion in which the
fuel is injected on the swirl air motion,
allowed to mix with the air and achieves
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Figure 6.11.1(c) Swirl Combustion
Chamber

combustion. Figure 6.11.1(c) shows the
Swirl Combustion Chamber.

(d) Squish Combustion chamber

The piston head has the bowl shape
in which the air motion is travelled from
the side to centre of chamber. The radically
inward movement of the air is called as
squish. As the piston moves from BDC to
TDC, the squish motion is created and the
fuel is injected and ignited. Figure 6.11.1(d)
shows the Squish Combustion Chamber.

(e) Air cell and energy cell
Air cell

The Air cell design has two (called as
air cell and main) chambers in which they

Injector

)

LTI LTS A

d

2022802

s,

Cylinder  Piston
block

Figure 6.11.1(d) Squish Combustion
chamber
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Figure 6.11.1(e) Air Cell and Energy Cell

TOP VIEW

are connected together by a narrow passage.
Due to this arrangement the pressure of the
inlet air increases in the air cell chamber
and the pressurized air enters into the main
chamber in which the fuel is injected and
combustion is achieved. Figure 6.11.1(e)
shows the Air Cell and Energy Cell.

Energy cell

It is also known as Lenovo
combustion chamber. It combines the Air
cell and Pre combustion chamber modes.
In this type of chamber the energy cell is
connected via the narrow passage with
main chamber. When the engine runs,
the pressure of the air in the energy cell is
increased due to the narrow path and fuel
is also injected in the similar way as pre
chamber. The combustion at the energy
cell is continued in the main chamber
where the main combustion takes place.
By this way the energy is utilized by
injecting fuel in the energy cell. Due to
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piston movement from TDC to BDC and
depending on pressure difference between
the chambers the mixture is combusted
completely.

6.12 EXHAUST SYSTEM

In an engine the products of
combustion (pollutants) formed during
the combustion process must be taken
out of the engine. This system is called as
the exhaust system. This system includes
exhaust port, exhaust manifold, exhaust
pipe, muffler and a catalytic converter.

6.12.1 Exhaust manifold

Exhaust manifold is a part of the
exhaust system that is used for removing
unwanted gases such as carbon monoxide,
carbon  dioxide, smoke, unburned
hydrocarbon etc., which are formed
during the combustion process. Through
the exhaust port of the engine the exhaust
products are passed to the exhaust
manifold. The unwanted gases coming
out from the all cylinders in the engine
are collected in the exhaust manifold and
sent to the exhaust pipe called as tail pipe.
This is the main purpose of the exhaust
manifold present in the engine. Exhaust
manifold is generally made up of cast iron.

Figure 6.12.1 shows the Exhaust Manifold.

Oxygen sensor
(right side)

Figure 6.12.1 Exhaust Manifold

H .  EEEw
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6.12.2 Exhaust Pipe

Exhaust pipe is the one which
connects exhaust manifold and muffler.
It is around 5cm in radius and lcm in
thickness generally. The exhaust pipe
arrests the vibrations to the muffler which
is coming from the engine.

6.12.3 Exhaust Mufflers

The exhaust mufflers are used to
send heat, gas and sound without any
destruction. To do these the mufflers have
to perform the following operations.

1. Reduce the temperature of exhaust gas
2. Reduce the speed of the exhaust gas

3. Reduce the sound of the exhaust gas
4

. Reduce the strength hot and unburned
gas

Ditferent types of mufflers are used
to perform the above functions. They
are of

a) Baffle type

b) Wave cancellation type

c) Resonance type

d) Absorber type

e) Combined absorber and resonance
type

6.12.3(a) Baftle type

This type of mufflers will be in
cylindrical shape. This will be divided
into many rooms. Hence the exhaust gas
speed gets reduced and the energy also
gets reduced. Fig 6.12.3(a) shows the baffle
type mufller.
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Figure 6.12.3(a) Baffle Type Muffler

6.12.3(b) Wave cancellation type

In this type the burnt gases are sepa-
rated and again combined and expelled out
to the atmosphere. In this type the speed
of the gas can be reduced but the sound
can’'t be reduced completely. Fig 6.12.3(b)
shows the wave cancellation type.

6.12.3(c) Resonance type

In this type of mufflers the serially
arranged resonators absorb the sound of
the out coming gases. So that the sound
as well as heat gets reduced. Fig 6.12.3(c)
shows the resonance type.

6.12.3(d) Absorber type

In this type the exhaust pipe is
surrounded by special type of materials
which could absorb the sound. When
the exhaust enters into this muffler the
absorber material absorbs the sound. Fig
6.12.3(d) shows the absorber type.

Figure 6.12.3(b) Wave Cancellation
Type Muffler
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perforated pipes

outlet

exhaust gas

Figure 6.12.3(c) Resonance Type Muffler

Inner Pipe

Housing

Sound Insulation

Figure 6.12.3(d) Absorber Type

6.12.3(¢) Combined absorber &
resonance type

In the combined type mufflers in
addition to the absorber material resonators
are also fixed on the exhaust path. In this
type of mufllers both heat and vibrations
are absorbed. Fig 6.12.3(e) shows the
Combined absorber & resonance type.

6.13 CATALYTIC CONVERTORS

The exhaust gases
coming out from the
exhaust manifold are
highly toxic to human

beings and plants. The
catalytic convertor fitted
with the exhaust pipe could reduce the
harmful emissions such as unburned
hydrocarbon, nitrogen oxides and

carbon monoxide emissions. In catalytic
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Combined resonance and absorber type

muffler: 1. Inlet; 2. Noise absorbant;

3. Access port; 4. Outlet: 5. Resonant
Figure 6.12.3(¢) Combined Resonence

and Absorber Type

convertors platinum, palladium and
rhodium chemicals are used as catalysts
which are coated in the form of honey
comb like structures and being used in
vehicles. A secondary passage is also made
to supply oxygen into the convertor. When
the toxic gases (such as hydrocarbon and
carbon monoxide) are passed into the
catalytic convertors, they are converted
into water and carbon dioxide. Three way
catalytic convertors reduce the nitrogen
oxides also by the way of reduction action
to nitrogen and oxygen. Fig 6.13 shows
the catalytic convertor.

6.14 ENGINE TUNE-UP
PROCEDURE

Checking the engine components
and adjusting the components for better
engine’s performance is called as engine
tuning. Tuning the engine for better
performance increases the life of the
engine. The flow chart shown in Figure
6.14 presents the engine tuning procedure
on various components of the engine.

To improve the engine’s performance
(efficiency) the following components must
be maintained in good condition.
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cerium and ceramic
honeycomb catalyst structure

reduction catalyst
to eliminate NOX

heat shield

stainless
steel
catalytic
converter
body

position
exhaust gas for oxygen

HC (hydrocarbons) sensor plug
CO (carbon monoxide)
NOX (nitrogen oxide)

wvwv.tnsch@olbooks.in

oxidation catalyst
to elimiate carbon monoxide (CO)
and unburned hydrocarbons (HC)

tail pipe emissions
H20 (water)

CO2 (carbon dioxide)
N2 (nitrogen)

catalytic active material
alumina oxide - Al203
cerum oxide - CeQO2

rare earth stabilizers
metals - Pt/Pd/Rh

major reaction

CO+1/2 02=C02
H4C2+302=2C02+2H20
CO+NOX=CO2+N2

(1) Air inlet and exhaust system
« The Air filter should be cleaned

e The air inlet manifold should be

cleaned
o Pre cleaner should be cleaned

o The crank case ventilation should be
checked

o Exhaust system and muffler should be
tested

(2) Engine testing
« The intake manifold of the system
should be tested.

e Should check the air bubbles on the
radiator.

« In the cylinder head gasket leakage
should be tested
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Figure 6.13 Catalytic Convertors

head bolts
well

o Cylinder should be
tightened
o Have to check the valve clearance

o Have to check pressure of all the
cylinder

(3) Ignition system testing
o The Spark plug should be cleaned

« Connection to the ignition coil should
be tested

o Distributor cap and rotor should be
checked

o The Condenser should be tested

o Ignition timing should be adjusted
correctly

(4) Fuel system testing

o The leak (or) block in the fuel line
should be tested

5

®
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7. Carburetor

6. Ignition
timing

5. Distributor
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1. Battery, Ignition
cables

S

2. Spark Plugs

Improved engine
performance

. Compression

4. Valve
clearance

Figure 6.14 Engine tune-up procedure

o The Fuel pump should be cleaned

o The carburettor should be cleaned

o Diesel injection pump should be

@ cleaned  well

« Diesel injector should be cleaned well

(5) Lubricating System

o Pressure gas working should be tested

« Qil filter should be cleaned

o Crank case oil level should be tested

« Engine oil

checked

(6) Cooling unit testing

» Have to check the end play and a leak

in the water pump

pressure

should be

e Should check the leak in the radiator

hose

o Fan belt should be checked

(7) Electrical system testing
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o Battery, wire connection should be
cleaned

o« To test the battery condition,

electrolyte test should be performed

o Generator connection should be

checked
o Starter switch should be checked
(8) Clutch plate should be checked

(9) With the help of the dynamo the engine
performance should be measured

6.15 POLLUTION

In this world, human and many liv-
ing organisms inhale oxygen from air to
survive. So that the air should be clean
and make it free from pollution. In doing
this we have to know the formation of
pollutants and measures to reduce them.
Every human inhales nearly 15 kg of oxy-
gen. So if the air is polluted all the living
organisms will be affected. Pollutants and
its effects are already reffered in Table 6.1.
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Pollution Control

To control pollution, the below said
three techniques are being used,

a) Reduce pollution before it occurs

b) Reduce the pollutant during their
formation  stages

¢) Reduce pollution once it is formed.

(1) Reduce pollution before it occurs,
o Low compression ratio

« Changing the combustion chamber
geometry

 Changing the piston design
« Lean mixture operation

« Maintaining piston and piston ring
function

(2) Reduce the pollutant during their
formation  stages

o Fuel modifications
 Engine modifications

« Modifying the operating parameters
for complete combustion
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(3) Reduce pollution once it is formed,
« Using burner
« More air supply to inlet manifold
(4) Control of carbon monoxide,
o Lean mixture operation
o After burner
o Catalytic converter
(5) Control of oxides of nitrogen,

 Reinducting the exhaust gas into inlet
manifold

» Mixing of non-fired things with fired
things
Smoke Control

e To control the smoke we have to
maintain the vehicle in good condition
and barium salt to the fuel

Various Methods of Reducing Emissions

« Re setting of valve timing

o Inspecting cooling and fuel supply
system

 Changing combustion chamber design

 Reinducting the exhaust gas into inlet
manifold

« lean mixture operation

«
Student Activity ﬁ

5

1. Students should visit the nearby
workshops to study intake and
exhuast system of a motorcycle and a
car and should have a hands-on expe-
rience on engine dismantling and
assembling inlet manifold.

2. Students should visit the nearby
workshops to dismandle the cylinder
head and sketch the components.
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SAMPLE QUESTIONS

Choose the correct answer

1. How many types of air filters are used in
I.C engines?

a) Two b) Three ¢) Four

2. How many types of petrol pumps are
used in engines?

a) Two b) Three ¢) Four

3. How many types of diesel injection
pumps are used in engines?

a) Two b) Three ¢) Four

4. How many types of feed pumps are used
in diesel engines?

a) Two b) Three ¢) Four

5. How many types of silencers are used in
I.C engines?

a) Two b) Four c) Five

Answer the following questions

1. What are the pollutions in atmospheric
air?

2. What are the effects of air pollution to
the human?

3. Give the five parts of intake system?
4. What are the types of Air filters?
5. What are the uses of air filter?

6. What are the uses of oil bath type air
cleaner?
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7. Draw and explain the construction of
A.C mechanical fuel pump?

8. What is carburettor?
9. Write the types of carburettor.

10. Draw and explain the construction diesel
injector.

11. Write the types of nozzles.
12. Draw and explain any one nozzle.

13. What are the various types of combustion
chambers in diesel ~ engines?

14. What is muffler?
15. Write the types of muffler.
16. Draw and explain any one muffler.

17. What are the methods are used to control
the air pollution?

18. Briefly explain about pollution control
methods.
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Cooling System

7.0
7.1
7.2

7.3

7.4
7.5

7.6
7.7
7.8
7.9

Aim
Air Cooling System :
Water Cooling System Bx
7.2.1 Direct (or) Non-Return System Eﬁ':
7.2.2 Thermosyphon System
7.2.3 Pump Circulation System
Parts of the Water Cooling System
7.3.1 Radiator
7.3.1(a) Tabular Type Radiator
7.3.1(b) Cellular (or) Honey Comb Type
Pressure Cap
Thermostat
7.5.1 Bellow Type Thermostat
7.5.2 Wax Type Thermostat
Water Pump
Engine Fan
Anti-Freezing Solutions
Maintenance of Cooling System

-
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Learning Objectives ):—>'©

» To learn about the air and water cooling techniques involved in two stroke

and four stroke engines.

« To learn about various cooling components like cooling fan, cooling water,

radiator and water jacket.

7.0 AIM

In internal combustion engines
due to the combustion of the fuel air
mixture, enormous heat is liberated inside
the combustion chamber. From the total
heat released, about 30-35% of the heat is
transferred as useful mechanical work at
the engine’s crank shaft. Approximately
30% of heat is carried out by the burned
gases. About 25- 30% of the heat is rejected
by the cooling medium and the remaining
is considered as the unaccounted loss
which is due to the friction, radiation
etc., The temperature of the combustion
products immediately after the combustion
of the fuel reaches the value which is even
more than 2000°C. Due to the very high
temperature the engine components are
subjected to very high thermal stress and
get expanded due to the more heat of the
products. This leads to the burning of
engine lubricating oil and more carbon
will get deposited inside the combustion
chamber. In order to avoid the damage
of engine components and burning of
lubricating oil the cooling system is
essential which helps in sending the heat
to the surroundings.

The following are effects of overheating
of the engine components.

« Damage of the piston and piston
sticking on the cylinder wall.
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o Lubricating oil burning and formation of
carbon deposits and on the combustion
chamber parts and the valves.

 Burning of the engine valves (mainly the
exhaust valve)

o Occurrence of Pre ignition, knocking
and detonation

« Reduction in viscosity of the engine
lubricating oil

o Wear and tear of the engine components

o More fuel consumption.

The following are effects of over cooling of
the engine components.

« Power loss

o More fuel consumption

« Reduced Thermal efficiency

o Increase in viscosity of the engine
lubricating oil

« Reduced mechanical efficiency

Characteristics of the efficient cooling
system:

o From the overall heat produced, the
cooling system must reject sufficient
amount of heat about 28-30% from the
overall heat produced from combustion
of the fuel.

« Cooling system should be designed in
such a way that the heat to be rejected
quickly when the engine is operated at
very high temperature.
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o During starting, the cooling system
should reject only less amount of heat.

o It should transfer the maximum (i.e.
sufficient) amount of heat from the
engine combustion chamber.

7.1 AIR COOLING SYSTEM

In this type of cooling system, the
engine cylinder should be kept in such
a way that more air should be in contact
with the outer region of the cylinder block.
Cooling fins are provided on the outer wall
of the cylinder so that the contact surface
areas for heat transfer to be more. These
arrangements are mostly seen in all motor
cycles, scooters and in small engines.
Figure 7.1 shows the air cooling system.

Figure 7.1

AIR-COOLING THROUGH FINS

Longer fins,
where greater
heat develops.
improve cooling

Direction
of air
flow

Piston
Fins

Thermostat
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When the vehicle moves forward,
the air passes over the fins and removes
the heat on the engine components and
hence the engine gets cooled. In some
large engines, blower arrangement is made
so that the blower sucks the air from the
surrounding air and blows on the surface
of the cooling fins of the engine.

The efficiency of the air cooling
system depends on the following
characteristics,

o The speed of the air which flows on
the fins

 Area of the fins that is in contact with air

Thermal conductivity of the cylinder

walls

Spark plug

Fin

Piston

Air cooling system

Radial fan

e
Il \Hll’i
fil [

111}

controlling air

flow to cylinders ko

Figure 7.1(a)
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o The temperature of the engine fins
and the temperature of the cooling air

Advantages and disadvantages of air
cooling system:

Advantages:

« In this type due to the absence of
radiator fan and pumping unit, engine
weight is considerably reduced

« Due to the absence of radiator
arrangement, rust and deposits
formation are avoided

» Engine occupies only less space

« As the engine needs no water jacket,
design of the engine is simple

o The system need no water filling in
the radiator

« The engine can be operated at all
operating conditions (cold and hot
regions)

« Freezing and evaporation of water do
not occur as in case of water cooling
system

Disadvantages:

o Air cool system is not suitable for
CSMO cylinder engines

Filler cap

«—Drain tap

Figure 7.2.1
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Thermostat valve

o As this type of engine is cooled by air,
the efficiency of engine decreases

o More noise is produced
Heat transfer rate is lower with air
cooling as compared to water cooling

« Blower arrangement is needed for
bigger size engines

7.2 WATER COOLING SYSTEM

In this method, the water is circu-
lated inside the water jackets of the engine
cylinder block and the cylinder head and
rejects the heat in the cylinder block and
head. As the water absorbs the heat from
the cylinder it gets vapourized. It may
cause insufficient water to be present in
the cooling line. Hence excess water must
be added to overcome the vapourization
loss. In order to overcome this difficulty
radiator arrangement is used to cool the
hot water coming out from the engine
water jackets. There are three types of
water cooling systems followed in engines
which are,

1. Direct (or) non return cooling system

2. Thermosyphon or natural circulation
cooling system

House pipe
Water jackets around the cylinders

Water cooling system

o

®
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3. Pressurized or Pump circulation cool-
ing system

7.2.1 Direct (or) Non-Return System

This method is mostly used where
availability of water is more such as in
big industrial engines, marine engines
etc., In this method the water from the
storage tank is sent to the water jackets
of the engine where the water absorbs the
heat and the hot water is sent out through
the outlet path. The pump in the marine
engines pumps the sea water into the water
jacket and sends the hot water out. This
type is not recommended for automotive
engines.

7.2.2 Thermosyphon System

We know that the density of hot
water is less than that of the cold water.
Thermosyphon cooling system works on
the principle of circulating water by the
density difference in the water. Figure 7.2
shows the thermosyphon system.

In Thermosyphon cooling system,
when the engine runs, the hot water in the
engine water jacket moves upwards due to
the reduction in density. It moves further
to the radiator through the hose provided
and it is cooled in the radiator. The cold
water at the bottom of the radiator enters
into the engine and pushes the hot water
upwards and occupies the place of the hot

upper pipe SN Upper tank

gt I

R e e

Radiator

\22 Lower tank

!
Cylinder water

jacket Lower pipe

Figure 7.2.2 Thermosyphon system
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Figure 7.2.2 Thermosyphon system

water. This is called as conventional flow
of water. In this type of cooling systems
the radiator is placed just above the
engine. When the water level is less and
when the vehicle claims up or down this
system does not work properly. Hence this
type of cooling system is not is not used in
modern automobiles.

7.2.3 Pump Circulation System

In this system a water pump is
used to circulate the water. Hence this
method is also called as pump circulation
system. Nowadays, in many vehicles this
type of cooling system is followed. In this
system the conventional flow of water
and the pressure of the centrifugal pump
are combined and hence the system has
the added advantage. Fig 7.2.3 shows the
pump circulation cooling system.

l Engine

—_—

o

Fig 7.2.3 pump circulation system
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The pump present in this system
pumps the water into the water Jacket of
the engine quickly. The pumped water
takes away the heat from the engine
cylinder and goes to the radiator. The hot
water in the radiator is cooled as it enters
into the shells of the radiator and also
due to the opposing air coming from the
atmosphere. As the air passes through the
gaps of the shells,by touching the fins in
the radiator the heat is removed from the
water. The cooled water is again sent to the
engine water jackets by the pump. By this
way the pressurised or pump circulation
cooling system rejects heat. The power to
the water pump is taken from the V-pulley
belt drive.

The important components of this
system are as follows,

Water jacket
Water pump
Radiator
Thermostat valve
Fan and fan belt

Radiator hose

AR

The following are the Advantages of the
water cooling system:

1. The engine noise is reduced and runs
smoothly

2. Cooling rate is high

3. The engine can be operated for more
time than other type of cooling system
engines

4. This is mostly used for multi cylinder
engines

5. Temperature is controlled as per the
requirement of the engine
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Draw backs:

1. Maintenance is difficult

2. Maintenance cost is higher than air
cooled engines

3. Water pump, water jacket, radiator and
the radiator fan are the components
needed.

4. Purified water has to be used.

5. Deposits and corrosion of the engine
water jackets are possible when using
impure water in this system

7.3 PARTS OF THE WATER
COOLING SYSTEM

Radiator
Pressure cap
Thermostat

Water pump

A A

Fan

7.3.1 Radiator

Radiator consists of three main
parts such as upper tank, core and lower
tank. The radiator core and connecting
tube are placed in between the upper tank
and lower tank. In a radiator the upper
tank is connected to the upper surface of
the engine through a separate hose. The
lower tank is connected with the water
pump through a separate hose connection.

The hot water coming out from
the engine goes to the upper tank of the
radiator through the hose connection.
The water reaching the lower tank from
upper tank of the radiator is cooled by the
radiator core. Before reaching the lower
tank the water is cooled by the air passing
through the fins of the radiator core by
the atmospheric air. The atmospheric air
is sucked by the radiator fan and hence
the hot water is cooled.
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Filler cap
ll[ Thermostat valve

se pipe

Water jackets around the cylinders

Cylinders
v
O 0
0
tank F o= ===
E «+—Drain tap
Figure 7.3.1 Radiator
Expansion tank and cap The thgrbmo;tat valve is Water channels in
\ opened by t e wax block and head Heater blower far
Top radiator hose S\ inside melting.

Coolant fillter plug

-

Hose from heater

Hose to heater from block

Radiator core \

Bottom tank \ - o y

Drain tap Engine driven fan ‘Water pump

Bottom radiator hose

Figure 7.3.1(a) Radiator

Types of radiator: 1. Tubular type radiator
We can classify radiators in to two types: 2. Cellular type radiator (or) honey comb
they are type radiator

S
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What is a Radiator?
-~ "KNOW?
Radiators are heat
exchangers used to transfer
thermal energy from one medium to
another for the purpose of cooling and
heating.

In automobiles it is responsible for
preventing the car engine from overheating.

It uses coolant (water or oil) to
keep the engine running at a healthy
temperature.

7.3.1(a) Tubular Type Radiator

Small diameter tubes are used for
connecting the upper and lower tank in
the radiator. Water gets cooled by flowing
through the number of tubes. The out-
side of the tube walls are attached with
cooling fins. The fins and tubes are made
up of pure copper. The fins are arranged
horizontally with each other. In this type
of radiators the cooling process is affected
for the entire distance of tube if there is
any blockage inside the tubes. This type
of radiator is lower in weight and simple
in structure and hence used in most of the
vehicles.

Figure 7.3.1(a) Tubular type radiator

‘ ‘ AM_Unit_07.indd 146

'49

®

7.3.1(b) Cellular (or) Honeycomb Type
Radiator

In this type of radiator, the hot water
coming from the upper tank is allowed
to pass through the tubes which are in
honeycombed structure and gets cooled
before reaching the lower tank. Two hon-
eycombed structure tubes are connected
in between the water flowing passage. By
this structure, any block occurs inside the
tube will not reduce the cooling perfor-
mance. This type of radiator is mostly used
in racing cars. They are costlier than tube
type radiators. The figure 7.3.1(b)shows
the picture of the honeycomb radiator.

Fig 7.3.1(b) Honey comb type radiator
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Outer cap Main spring
Overflow
Upper spring seal
Backing plate ® 3 ° '
= Excess pressure/
— coolant
. Low-pressure
Main seal valvegpring \ /

Low-pressure valve

Radiator filler neck
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Low-pressure valve

Main rubber seal

Main seal spring,

; \gpper seal

Figure 7.4 Pressure Cap

7.4 PRESSURE CAP

The component used to close the
upper tank of the radiator is called as the
radiator pressure cap. This cap prevents
the flow of evaporated water (steam)
outside from the upper tank. It also helps
in avoiding flow of water outside the
tank when the vehicle is traveling on any
bumps and pot holes. In cold climatic
countries water inside the radiator gets
cooled naturally when the engine is at
rest. In such condition vacuum may
occur inside the tank. In such situations
the exterior air comes inside the tank and
replaces the vacuum area. The pressure
in the pressure cap is released from the
pressure valve by opening the pressure
cap when the pressure inside the water
tank is increased. When water is cooled
the vacuum vale is opened and air is
allowed to enter in to the radiator for
protecting it.

7.5 THERMOSTAT

A specified temperature must be
maintained in the cooling system to operate
the engine safely and efficiently. This
temperature is generally in the order of 70
deg to 80 deg for petrol engine and 80 deg
to 85 deg for diesel engines. To maintain the
temperature a thermostat arrangement is
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used. It blocks the coolant supply until the
engine is warmed up. The thermostat valve
is placed in between the engine and upper
tank of the radiator. Thermostat housing
consists of an inlet and outlet valve. Inside
the housing the thermostat is placed. There
is a bypass line arrangement for passing
cooling water after the engine is started and
until it reaches the required temperature.
Cooling water starts to flow through the
tubes by opening the thermostat valve when
the engine reaches its specified temperature
and the cooling water is sent to the upper
tank in the radiator.

Basically there are two types of
thermostat valves used in automobiles,
they are

1. Bellows type thermostat
2. Wax type thermostat

7.5.1 Bellow Type Thermostat

In this type of thermostat, there
is a frame in the upper side and valve
in the lower side which is attached to
the bellows. Bellows are filled with
either alcohol or acetone which is easily
evaporating chemicals. These chemicals
have lower boiling points such as 70 deg to
80 deg. When the engine’s coolant(water)
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Figure 7.5.1 Bellows Type Thermostat

temperature reaches 70 to 80 deg Celsius,
the chemicals inside the bellows get
evaporated and allow the bellows to get
expanded. The valve connected to the
bellows now open and the water from
the engine is sent to the upper tank of
the radiator. When the cooling water
temperature is reduced to 80 deg Celsius
the chemicals inside the bellows get cooled
and shrink. Now the valve connected to
the bellows gets closed by this shrinkage.
By this way thermostat controls cooling
water circulation. The figure 7.8 shows
the arrangement of the bellows type
thermostat.

Comparison of air cooled and water cooled system:

@ Air cooled system

Water cooled system

Air is a medium of cooling
Fins are used

Construction is easy

Less space is required for installation.
Produces more noise

It runs with all the climatic changes.

No sediments or corrosion in the

system

Cooling process is not affected by any
damage of one or two fins

This system cools the engine randomly.
Conductivity of temperature is low

Not suitable for multi cylinder engines
Production and maintenance cost are low
Mostly used in two wheelers

Water is medium of cooling

Water jacket, water pump radiator, ther-
mostat like components are used.
Construction is difficult

Needs more space

Less noise

In cold climatic countries water will
freeze. So this type is not used in such
countries.

Corrosion and sedimentation occur.

If there is a water leak, it affects the
cooling process.

This system cools the engine uniformly.
High

Suitable for multi cylinder engines

high

Used for Lower, medium and high duty
vehicles.

“
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Stainless

Steel
Piston

BRASS

Cold Position
( Wax Solid )

7.5.2 Wax Type Thermostat

In this wax type thermostat there is
a container which is filled with wax. This
container is made up of high temperature
conducting metals such as steel, brass or

HOUSING

PELLET

Hot Position ( Wax Melted Engine Hot,
and Expanded ) Pellet Expands
To Open
Thermostat
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To Engine

Figure 7.5.2 'Wax Type Thermostat

Engine Cool
Thermostat
Closed

Cold Coolant
From Engine

Flow To
Radiator

Hot Coolant
From Engine

coppers as the material. The wax inside this
container is fully sealed with rubberised
material. A conical shaped movable steel
pin with wax at one end and body at
another end are connected with this type

of thermostat. When the temperature of

Point of entrance
to impeller vanes

Flow line

4
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Flow line
Volute
7/
Cutwater
Impeller

Section through impeller and

ump section

Figure 7.6 Water Circulation Pump
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volute along mean flow surface
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water gets increased, the wax gets melted
and expands the bottom of steel pin in the
opposite direction and pushes the seal.
By compressing the seal against spring
force in the container, the container valve
opens. When container gets cooled the wax
shrinks and reduces the pressure acting on
the steel pin and the container comes to its
original position. Now the container valve
gets closed.

7.6 WATER PUMP

The water pump is placed in between
in front of the engine’s cylinder block and
the radiator. The Pump impeller consists
of a shaft, bearings and water seal which
are placed inside the housing. Impeller is
fixed to the shaft. The impeller has flat or
bended vanes with round shape. Water seal
is placed to arrest the leakage with the help
of bearings.

Working:

When the impeller rotates, the
water in between the blades are expelled
out due to centrifugal force. The expelled
water moves to the engine water jackets
through the pipe with high pressure. The
power to the impeller is given from the

www.tnsch@olbooks.in

V-pulley arrangement. The water pump
increases the circulation of cooling water.
Fig 7.6 shows the water pump.

7.7 ENGINE FAN

When the vehicle runs, natural
air is enough to cool the water. However
during heavy load and during stationary
conditions, air from the atmosphere com-
ing by natural means to the radiator is not
sufficient to cool the water. Hence fan is
required to supply more air to radiator
and to engine. Fan will be coupled with
water pump pulley. The fan sucks more air
and passes to the radiator core and then
cools the water. There are many types of
cooling fans used, which include,

Figure 7.7 Engine fan

What is catalytic
. M converter?
. Catalytic converter was
invented by Eugene
Houdry in 1930.
Inside the converter, the gases
flow through a dense honeycomb struc-
ture made from a ceramic and coated

with the catalysts.

It reduces harmful NOx and CO
emissions into harmless one.

H20, €02

HC, CO, NOx
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1. Suction type
2. Blower type
3. Electrical type

7.8 ANTI-FREEZING SOLUTIONS

During cold climate conditions and
at hill stations water generally gets frozen
in the water cooling system. Due to this
radiator core, water jacket and rubber hoses
in the cooling system may get damaged.
In addition more power is needed to start
the engine. To overcome these difficulties
chemical agents are added to the water to
prevent it from freezing. These agents are
called as anti freezing solutions. Some of
the anti freeze solutions used in automobile
are,

1. Methanol
2. Methyl alcohol

Ceoling
System ANTIFREEZE PROTECTION CHART ('F)

Capecity
v Quarts Roquired for Low-Temperature Protection I

QUARTS 23 -4 5 7 -] L 10 " 12
3 18" Ay
10" 4" 26
12 0o as
4 5 @8
15 & o
17" 10 3
19 12* 8
" mEl .

- "
">
9
14
15
16
17

BEE3e

-
s

20" 16
21
19

Qyaushb;

De-ionised
Water

For Battery Maintenance

i ‘Steam ons

Freeze

&Coolant.

Figure 7.8 Anti-freezing solutions
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3. Glycerin
4. Alcohol
5. Ethylene glycol

The above chemical components
must have the requirements such as easily
soluble in water, should withstand very
high temperature, non-corrosiveness and
should not deposit on the radiator core
and rubber hose.

7.9 MAINTENANCE OF COOLING
SYSTEM

The following are the check lists
for the proper maintenance of the cooling
systems

1. If there is any blockage occurs inside the
radiator, water tubes and water jackets
they have to be cleaned by flushing
process.

2. The fan belt has to be replaced if it is
exhausted or cracked.

3. The shape of fan blade has to be checked
whether it is ok or not.

4. The cells must be straightened in the
radiator if they are blended.

5. If there are any unwanted materials or
insects nest are present in the radiator
blades, they must be cleaned by using
compressed air.

6. If there is any damage or hole occurs in
the radiator tubes (rubber), it has to be
replaced.

7. Fine tight must be given to the radiators
tube clips.

8. Leakage in the radiator pipe, jar, tank,
water pump, thermostat valve and drain
gauge must be checked and leak proof
has to be ensured.
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9. Current status of thermostat valve has to be checked.

10. The radiator has to be inspected whether it is fixed properly or not.

11. The radiator gate valve has to be checked for its position which is closed properly.

Troubles and remedies of cooling system:

Loss of cooling liquid:

Causes

1. Clips in the radiator hose pipes may
have released.

2. There may be tearing occurred in the

rubber tubes.

3. There may be a leakage occurred in
the radiator cap portion.

4. Cylinder head jacket may get defected.

5. Water pump or water seal may be
damaged.

6. Thermostat valve may be defected.

7. Drain gauge in the radiator may be
loosen or broken.

Remedies

Have to fine tight the clips
Has to be replaced.

Has to be corrected by using altering
process.

Hasto change to a new one.

Gasket or seal should be replaced with a
new one.

Hasto be changed with a new one.

Has to be tightened or has to be changed
with new one.

H .  EEEw

Engine over heating:

Causes

1. There may be a reduction in water
level in the radiator.

2. There may be water leakage during
cooling process.

3. Water pump may get damaged.

4. Fan belt may be loosened or teared.

5. Thermostat valve may get damaged.

6. There may be a chance for blockages
inside the radiator water tubes.

7. There may be blockages in water

jackets due to corrosion and sedimen-

tation.
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Remedies

Has to be filled with required quantity of
water.

Leakage should be avoided by repairing
the pipe line.

Has to be repaired.

Has to be tightened at loosened area or
has to be changed with a new one.

Has to be changed with a new one.
Blockages should be cleaned by using

reverse flushing process.

The water jackets have to be cleaned by
removing blockages.
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8. There may be blockages in the radia-
tor fins.

9. There may be an auto ignition.

10. There may be changes in valve timing
and ignition timing.

11. There may carbon deposition in the
cylinder head, valves, piston and
combustion chamber.

12. There may be defects in break or
clutch

13. The vehicle may be over loaded.

14. There may be blockages in the exhaust
tail pipe.
15. Engine bearing may get damaged or

broken.

16. There may be blockages in air cleaner
or air inlet manifold.

17. Fuel injection timing may be
incorrect.

www.tnsch@olbooks.in

Have to be removed or cleaned.

Has to be corrected.

Has to be corrected.

Need to be cleaned by De carbonizing
technique.

Have to be corrected.

Enough amount of goods to be carried.

Have to be removed.

Has to be changed with a new one.

Have to be removed or corrected.

Has to be checked and corrected.

Over noise from water pump:

Causes

1. Impeller in the water pump may be
loosened.

2. Pulley in the pump shaft may be

loosened.

3. Impeller may rotate unevenly inside

the pump housing.

4. Bearing in the water pump may dam-

age or lubricating oil may not be there
in the bearing.

5. Impeller may be broken.

Remedies

Has to be tightened.

Has to be tightened.

Has to be fixed at the right place.

Oil has to be applied or changed with
new bearing.

Has to be checked and corrected.
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Rapid wear on fan belt:

Causes
Belt may be under over tight

Belt may be affixed with improper
length.

There may be a deposition of oil or
grease in the belt.

Belt may not be fixed properly to the
pulley.

www.tnsch@olbooks.in E_:l:l:. ‘

Remedies
Has to be adjusted for exact tension.

The belt that is recommended by the
manufacturer has to be used.

Clean the belt with petrol and fix it.

Affix the belt properly on the pulley.

Over noise from radiator fan:

[u—
.

Ll

Causes
Fan belt may be fixed with heavy tight.
Fan belt may be worn out.
Fan pulley may be loosened.

There may be high amount of ply in
the water pump shaft.

. Fan blades may be expanded.

Water pump pulley may leave its posi-
tion and hanged on the radiators body.

Remedies

Has to be adjusted for exact tension.
Has to be changed with a new one.
Has to be tightened.

Has to be adjusted for correct scale of ply.

Have to be changed with a new fan. ®
Has to be checked and repaired.

“
Student Activity ﬁ

Students have to follow the following safety precautions:

. Students should visit the nearby workshops to study the process of engine cooling

with external fins and should have a hands-on experience on engine dismantling and

assembling.

Students should visit the nearby workshops to study the process of cooling engines
with water and should a report with the sketch of radiator tank, water pump and ther-

mostat valve.
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SAMPLE QUESTIONS

Choose the correct answer

1.

‘ ‘ AM_Unit_07.indd 156

Which chemical is used to prevent freez-
ing of cooling water?

a) Ethyl glycol

b) Acetone

c) Methane

Which valve is located in radiator
pressure cap?

a) Pressure valve

b) Thermostat valve

c¢) Pressure and vacuum valve

How many types of radiators according
to the flow of water and Air?

a) Two

b) Three

c) Four

Which is used to prevent engine over
cooling?

a) Water pump

b) Radiator

c) Thermostat

What is the effect if low water level in
radiator?

a) Engine if over heated

b) Fan belt wear quickly

¢) More noise in water pump

wvwv.tnsch@olbooks.in
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Answer the following questions
1. What are the disadvantages due to the
over heat of the engine?

2. What are the disadvantages due to the
over cool of the engine?

3. What are the advantages and disadvan-

tages of the Air Cooling system?

4. What are the different types of Water
Cooling system?

5. What are the important parts of the
Pump circulation system?

6. What are the merits and demerits of the

water cooling system?
7. What are the parts in the cooling
system?

8. Name the types of the radiator.

9. What is meant by radiator pressure cap?

10. What is meant by Thermostat valve?

11. Tabulate the difference between Air
cooling and water cooling system.

12. Explain the working principles of water

pump.
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Learning Objectives )—’0
vV

« To learn about the various grades of lubricating oils used (SAE 20, SAE 40,
SAE 90, SAE 120) in cars, buses and trucks.

o To learn the importance of engine oil and lubrication system to avoid friction

and overheating.

INTRODUCTION

The process of using lubrication oil

8.0

to reduce friction between two moving
parts is called as lubrication. Metallic
contacts between two moving pats lead
to friction, heat, wear, noise and seizure
of the engine. To overcome this problem,
lubricating system is needed in all
automobiles. Lubrication is also helpful
for smooth functioning of the moving
parts in contact. Automobiles have many
moving and rotating parts. If lubrication
system is not present in vehicles, the
durability of the components will be
reduced due to wear and tear caused by
friction. Hence to increase the life time of
the engine, lubrication system is essential
in automobiles.

8.1 ADVANTAGES OF
LUBRICATION

The Engine Lubrication system

1. Reduces the friction between moving
parts.

2. Reduces the damage of parts due to
moving in contact.

3. Removes/Decreases the heat due to
friction.

4. Cleans the tiny metal particles and dust
that are present between two moving
parts.
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5. Acts as a seal between piston ring and
cylinder to provide compression.

6. Reduces the vibrations and makes the
parts of the engine to function silently.

7. Increases the strength of engine.

8. Prevents rusting.

9. Helps in increasing the lifetime of engine
components.

8.2 PROPERTIES OF
LUBRICATING OIL
The lubricating oil or paste used for
reducing friction is known as lubricant.
The related properties of the Engine
Lubricants are

1. Viscosity.

2. Oiliness or
Adhesiveness.

3. Fluidity.

4. Volatility.

5. Flash point.

6. Fire Point.

7. Stability.

8. Corrosiveness.

9. Cleanliness.
10. Emulsification.
11. Cloud point.

12. Foaming.
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~ Whatis SAE

ow? International?

« SAE stands for Society of
Automotive Engineers.

o Itis a global association of more
than 1,28,000 engineers and

technical experts in the field of
aerospace and automotive industries
for the benefit of society.

A

INTERNATIONAL=

8.2.1 Viscosity

Viscosity of a liquid is the ability
that describes a fluid’s resistance to flow.
Oils with high density are highly viscous in
nature. Viscosity decreases with increase in
temperature of lubricating oil and increases
with decrease in temperature. Society of
Automotive Engineers has classified the
lubricating oils based on the nature of
viscosity. Viscosity of the oil increases
with increase in SAE unit. Viscosity is
more important among the properties of
lubricating oil. It is measured by using
the instrument called as
Viscosity is always measured along with the
temperature. For example: SAE 40 at 210° F.
This represents that the oil at 210° F has 40
units of viscosity. The higher the viscosity,
the higher the SAE viscosiy grade number

viscometer.

is.
8.2.2 Oiliness or Adhesiveness

Oiliness and adhesiveness are the
properties of making an oily layer at the
surfaces of metals in contact. This property
should be high for lubricating oil. It is
helpful in making the thin oil layer even at
high temperatures in minute gaps.

8.2.3 Fluidity

Fluidity is the property of easy flow
of lubricating oil in very small gaps. It helps

AM_Unit_08.indd 159
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in making a soft layer on the surfaces of
junctions even at high temperature.

8.2.4 Volatility

Volatility is the ability of the
oil to evaporate at high temperatures
developed due continuous functioning of
engine. Lubricating oil should have low
volatility even at very high temperatures.
Otherwise during the functioning of
engine lubricating oil will evaporate which
may lead to wastage of the lubricating oil,
sometime even causing fire accidents.

8.2.5 Flash Point

The flash point is the minimum
temperature, at which the oil produces the
flash when an ignition source is brought
close to the oil vapour and the flash will
not continue when the ignition source is
removed.

8.2.6 Fire Point

The fire point is the temperature at
which the vapour of the oil continues to
burn for atleast 5 seconds after ignition by
open flame. The fire point will be generally
at 10° t020°C above the flash point.
Lubricating oils should have higher fire
point, to avoid evaporation and ignition.
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8.2.7 Stability

During engine’s functioning, the
lubricating oil should reduce the friction
without any oxidation. If lubricating oil is
oxidised, it produces acids which leads to
dirt and corrosion of the engine parts.

8.2.8 Corrosiveness

During  engine’s  functioning,
several parts of the engine are subjected
to corrosion due to the chemicals present
in the lubricating oil. Hence, lubricating
oils should have very less amount of acids
and chemicals which will cause corrosion.

This is called corrosiveness.
8.2.9 Cleanliness

Lubricating oils should possess
the property of cleanliness so that dusts
and unwanted materials in the lubricant
could be removed. This property helps
in cleaning the carbon deposits in the
lubricant due to burning of fuels. This is
called cleanliness. Normally inorganic
lubricants have this property more than
organic lubricants.

8.2.10 Emulsification

If lubricating oil is dissolved in
water, it results in emulsification. If it dis-
solves in water, it will lose the property of
lubrication. To prevent this additives are
added along with the lubricating oil.

8.2.11 Cloud Point

The Temperature at which lubri-
cating oil first changes its phase from liq-
uid state to solid state is known as cloud
point.

AM_Unit_08.indd 160

100)

8.2.12 Foaming

During lubrication action,
lubricating oils will have large amount
of very small air bubbles to be present.
This process is called foaming. It may
lead to oxidation and also these bubbles
get deposited on the friction surface and
prevent the lubricant to flow through the

surfaces.
8.3 TYPES OF LUBRICANTS

The lubricants used in machines and
automobiles are listed below:

1) Solid lubricant.
2) Semi solid lubricant.
3) Liquid lubricant.

8.3.1 Solid Lubricant

Lubricant materials available in
solid state are called as solid lubricants.
The solid substance like fibre, graphite,
carbon, mica, vax are some of the examples
for solid lubricants. They are used in places
where liquid lubricants can’t be used and
also used in high temperature places. See

Figure shown in 8.3.1 Solid Lubricant
8.3.2 Semi Solid Lubricant

Lubricant materials present at
the state in-between solid and liquid are
called semi solid lubricants. The places
at high stress and where liquid and solid
lubricants cannot be used, semi-solid
lubricants are used. In automobiles, in all
the bearings other than engine bearing
the semi solid lubricants are used. The
following table shows the examples for
semisolid lubricants and their applications
in automobiles. See Figure shown in 8.3.2,

Semi Solid Lubricant.
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GRAPHITE MOLYBDENU DISULPHIDE CALCIUM FLUORIDE SODIUM SULPHATE
.

-

sy

1 Fixed carbon: 80%- Size: 1.5um Low SiO2 content. Lubricant filler
99.9% 300 mesh flakes CaF2:98%, CaC03:<1, used with

2 Particle size:- Property: Pure grey Fe203:<0.03, Al203:<0.2, Graphite.
300mesh powder Si02:<1, S$:<0.02

3 Moisture: 0.5%max Particle Size:-300mesh

Figure 8.3.1 Solid Lubricant

8.3.3 Liquid Lubricants

Lubricants in liquid state are called as
liquid lubricants. They are suitable for
operating the engines at the required tem-
perature and also for high speed engine’s
operation. The following are the examples
for the liquid lubricants. See Figure shown
8.3.3 Liquid Lubricants.

1) Animal oils.
2) Vegetable oils.

lubricating grease

Figure 8.3.2 Semi Solid Lubricant 3) Mineral oils.

Table 1. List of Semisolid lubricants
and their applications.

Lubricant
S. No Materials Using Places
1  Calcium In joints of vehi-
based grease cles, In cooling
pumps.
2 Sodium Suitable for high

based grease temperature, to

Figure 8.3.3 Liquid Lubricants

prevent corrosion.
3 Aluminium  In chain joints, in
based grease vehicle joints. 8.3.3.1 Animal Oils

4 Lithium In all joints of
based grease vehicles, in base
joints of vehicles

Animal oils are produced from fats
of the animals. They mostly vaporise eas-
ily and have the tendency to produce gum

“
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« Piston valve was developed in 19th
century.

o Itisadevice used to control the
motion of a fluid along a tube or
pipe by means of the linear motion
of a piston.

» They are ideally recommended
for critical and hazardous media,

including Steam, Heat transfer oils,
acids and gases.

like products when used. Hence they are
not generally used in motor vehicles.

8.3.3.2 Vegetable Oils

They are obtained from vegetable
seeds. For example: Linseed oil, castor
oil and palm oil. Except castor oil all the
vegetable oils easily get converted into
gum like materials. At high temperatures
viscosity of the castor oil decreases. Castor
oils were used in old vehicles. However it
is not used in modern vehicles.

8.3.3.3 Mineral Oils

These are the oils mostly used in all
vehicles. These lubricating oils are obtained
as lubricants in the separating processing
of petroleum refining. Their important
properties do not vary significantly even at
high temperatures. They do not dissolve in
water, acid free and corrosion free. Hence
they are largely used in all automobiles.

8.4 TYPES OF LUBRICATION
SYSTEM
All the parts of engine such as
crankshaft, bearings, crank pin, both
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ends of connecting rod, piston pin and
inner wall of cylinder, piston rings, valve
mechanism, timing gears and camshaft
bearings are made to function along with
the engine. Hence the above parts must
be lubricated to avoid friction in these
moving parts. The following are the types
of lubricating systems used in engines.

Lubricant Systems:
1. Petrol oil (mist) lubricating system.
Splash lubricating system.

2
3. Pressure lubricating system.
4

Semi pressure lubricating system.

* Qil sump

* QOil pump

* Pick-up screen

* Pressure regulator
* Qil filter

* By-pass valve

* Oil galleries
 Dipstick

* Pressure indicator

FILTER FEED
GALLERY

oI
PUMP

oI
PICK-UP
SCREEN

Figure 8.4 Parts of Lubrication System
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8.4.1 Petrol System

This type of lubricating system
is used in small vehicles like in two
wheelers (e.g. TVS 50 and other mopeds
and also in Motor cycles with two stroke
engines. In this system lubricating oil is
of about 2% to 3% is mixed along with
petrol and used. It is a simple lubricant
system commonly used in two stroke
two wheelers and small size engines.

Cap

Petrol and Oil

Mixture
Fuel Tunk

Air Cleaner\ | &———Fuel Lines

&——— Carburettor

|&———Inlet Manifold

Engine

Figure 8.4.1 Petrol Oil Lubrication
System

8.4.2 Splash Lubrication System

In this system, at the bottom of
the crank case, oil sump will be present
and filled with the lubricating oil. The
engines with this type of system have
dipper or scoop like arrangement fitted at
the bottom of the connection road. When
the piston moves towards bottom dead
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centre, the scoop placed at the connecting
rod dips into the oil sump and scoops the
oil. When the piston moves up the oil
in the scoop will be splashed on all over
the interior of the crankcase, into the
piston and to the exposed portions of the
cylinder wall and other components. See
Figure shown in 8.4.2 Splash Lubrication

System
Oil pressure
o s Q
Camshaft
\ \) rc"m"'"d"g Main bearing

Figure 8.4.2 Splash Lubrication
System

8.4.3 Pressure Lubrication

Sending the lubricating oil at high
pressure using a pump to all the parts of
engines is called pressure lubrication. In
this system oil is kept at the base of crank
case. During operation of the engine, oil
pump sucks the oil from sump through
the strainer. This oil is subjected to high
pressure of about 200 kPa to 400 kPa and
then sent to the oil filter. It is then filtered
in the oil filter and sent to main gallery.
From the main gallery the oil is sent to
main journal bearings and sub journal
bearings of the crank shaft for lubrication.
The oil is then sent to the piston pin and
piston rings via the oil hole of connecting
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rocker arms

rocker shaft

push rods — % —

tappet

oil galleries

AT -k
timing chain m
tensioner _J

crankshaft

drive shaft
{powers pump)

oil pan
{sump)

gy
s

valves
7 -7_‘_';> T _~cylinder head
. : /camshaft
in oy il
- — ﬁ oil gauge

T

i l*[@
B—oﬂ fitter

floating oil intake
and screen

pump (circulates oil)

Figure 8.4.3 Pressure Lubrication System

rod. To lubricate the cam shaft and training
gear from the gallery, the oil is sent to the
rocker arm from oil holder and overhead
valve by valve mechanism. In this system
the oil pressure can be known and most
of the engines use this type of system. See
Figure shown 8.4.3 Pressure Lubrication
System.

8.4.4 Semi-Pressure Lubrication
System

It is the combination of splash
and pressure lubrication system. This
lubrication system is used in four stroke
engines.

8.5 PARTS OF LUBRICATION
SYSTEM

8.5.1 Oil Filters

This is used to filter the lubricating
oil coming out from the oil pump which
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contains impurities and dust. The filters
used in automobiles are, see fig shown in
8.5.1 Oil Filter.

1. Cartridge filters.
2. Edge filters.
3. Centrifugal filters.

Figure 8.5.1 Oil Filter

8.5.1.1 Catridge Filters

It is used in almost all automobiles.
This filter cleans very minute dust
particles in the oil up to 5 microns. The oil
is passed through the filter and taken out
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at the outlet by which the dust particles
of more than 5 microns are removed. This
type of filter uses cloth or fibre material.
There is a need for replacement of cloth or
the filter material from time to time. See
tig shows in 8.5.1(a) Catridge Filters.

Pressure Gauge— () . Air Relief Valve

— Air Relief Tube

As the water
passes through
the cartridge
dirt and debris
is trapped in
the fabric.

[——Cartrid
] — Cartridges

Lower Manifold

Figure 8.5.1(a) Cartridge Oil Filter

8.5.1.2 Edge Type Oil Filters

This filter contains a soft disc made
up of brass material. This filter is divided
into two parts. One part is attached to the

Cleaner blade rod ~ Large plate

Central spindle
l Smaller

Cleaner plate

blades

!

Spacing

{ washer

Particle

spindle which is at the centre of the fil-
ter and the other part is supported by the
square rod at the edge of the filter. The
gap in between the disc is in few microns.
When the oil flows through the each disc,
the dirt gets deposited on the upper sur-
face of the discs and then it passes out
through the outlet. During this, the dirt in
the spindle and square rod gets deposited
at the bottom of filter body. See fig shows
in 8.5.1(b) Edge Type Oil Filters.

8.5.1.3 Centrifugal Type Oil Filters

In this type of filter, the impure oil
coming from the oil pump reaches the
hollow spindle at the centre of a rotor.
The hollow sphere is surrounded by the
pillars. The oil coming from the pillars
fills the rotor and then goes through the
tube of the rotor and comes out via jet
at the base of the tube. Because of this,
the rotor casting rotates in the opposite
direction. During the rotation of the rotor

Cleaner
blade

Spacer

Disc

Figure 8.5.1(b) Edge Type Oil Filters
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casing, the impurities in the oil from the
jet get sprayed from the stationary casing
due to centrifugal force. Finally the puri-
fied oil comes out through the outlet. See
fig shows in 8.5.1(c) Centrifugal Type Oil
Filter.

How Centrifugal Oil
Cleaners Work

Body

Rotor

Baffle

Hollow
Spindle

Screen
Dirt

Drive
Chamber

Qil Input
Line

Figure 8.5.1(c) Centrifugal Type Oil

Filter

8.5.2 Oil Pump

In lubrication system after the oil
strainer, oil pump is placed which is the
very important component of the system.
Sending the oil with high pressure to the
engine partsis the function of the oil pump.
The oil pump is located at the crank case
below the oil level. It is generally operated
from the tip of distributer shaft. It gets
the power from the skew gear of camshaft
through distributer extension shaft. The
speed of the oil pump increases with
increase in the speed of the engine. This
increases the pressure in the shaft. High
pressure is controlled by using a pressure
relief valve. The pump supplies sufficient
oil to all the engine parts. Minimum
pressure for the oil is maintained as 100
kPa. Normally to lubricate the engine, the
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lubricating oil of about 15 to 20 litres is
circulated per minute. The oil is sent in
large amount at high pressure through the
oil pump. Hence selecting the suitable oil
pump is very important. Due to bearing
damage caused by friction and leakage of
the oil from the engine parts there will be
reduction in pressure of the oil. Hence to
reduce damage of the components and to
maintain sufficient pressure, suitable oil
pump is needed. Figure shown in 8.5.2 Oil

Pump.

Figure 8.5.2 Oil Pump

TYPES OF OIL PUMP:

The following are the types of oil
pumps generally used in automobiles,

Gear pump.
Rotor pump.
Plunger pump.

Ll

Vane pump.

8.5.2.1 Gear Pump

In present automobiles, gear type
oil pumps are generally used. This pump is
a very simple one. It has two parts called as
drive gear and driven gear. These two gears
rotate together in a housing. Sufficient gap
is maintained between the inner side of
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housing and the tip of gear. In gear pumps
two types of gears are generally used,
they are 1) Spur gear and 2) Helical gear.
To reduce noise in pump, helical gear is
preferred.

During functioning of engine,
the drive gear gains the power from the
skew gear of the camshaft via distributor
extension shaft. The driven gear attached
to it also rotates due to the rotation of the
drive gear as it is in mesh with the drive
gear. However the rotation is opposite.
Because of opposite rotation of the two
gears, inner side of the pump creates
vacuum. Due to this vacuum the oil in
the sump tries to fill the empty space. The
oil sucked into the housing of the pump
through the inlet. In this way, the oil passes
through the gears and housing gaps to fill
the empty space via inlet. The oil pressure
is increased here to about 2 kg/cm® to 4 kg/
cm?® and it comes out through the outlet.
Since outlet is connected to the oil gallery,
the oil is circled through all the moving
parts of engine. Figure 8.5.2(a) shows the
view of the gear type oil pump.

Figure 8.5.2(a)

Gear pump
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8.5.2.2 Rotor Pump

Rotor pump is similar to the gear
type pump. But in this pump two rotors
are present instead of gears. These two
rotors are attached to the inner side. One
of the rotors is called inner rotor and the
other called as outer rotor. The inner rotor
rotates inside the outer rotor. The outer
rotor has one lobe more than that of the
inner rotor. The rotating arrangement
of the rotors in this pump varies. So the
size of the gap in between the two rotors
varies. Inner shaft is rotated by attaching
to the skew shaft of the cam shaft through
the distributor extension shaft. Hence
both the rotors rotate. Because of opposite
rotation of the two rotors, inner side of the
pump creates vacuum. Due to the vacuum
pressure, the oil in the sump is forced to
enter into the empty space. The oil attains
high pressure of about 2 kg/cm? to 5 kg/
cm? at the pump and comes out via the
outlet port. Figure 8.5.2(b) shows the view
of a rotor pump

1. This pump has 25% more power than
gear pump and the construction is very
simple.

For every rotation as less number of lobs
is meshing it is noise free operation.

Outlet
Inlet
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8.5.2.3 Plunger Pump

This pump consists of the essential
components such as barrel, plunger and
two one way spring loaded ball valves
etc., The plunger is designed to operate
in reciprocating motion inside the barrel.
Power required to drive the pump is
drawn from the eccentric disc coupled
with the cam shaft or by means of a small
connecting rod coupled with the crank
shaft of the engine. Among the two spring
loaded ball valves in the pump, one is
connected to the inlet of the barrel whereas
the other one is connected to the outlet of
the barrel. The figure 8.5.2(c) shows the
view of a plunger type oil pump.

AM
CAMSHAFT ROLLER

TAPPET

PRESSURE

p
SPINOLE PRESSURE

CHAMBER

LEAKAGE
CHANNEL

SUCT ION
CHAMBER

PLUNGER

OUTLET
INLET
Pnszsuas
VALVE P
PLUNGER SUCTION RE#:T:?:RY
SPRING  VALVE

Figure 8.5.2(c) plunger pump

When plunger moves in the upward
direction, a partial vacuum is created in
the bottom portion of the plunger. So
the inlet valve is opened and the oil is
sucked and allowed to occupy the vacuum
portion. When the plunger moves in
downward direction the oil pressure gets
increased in the barrel. Now the outlet
valve is opened and inlet valve is closed.
So the pressurized oil in the pressure
chamber is expelled out through the outlet
valve. This type of pump is generally not
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used in automobiles as it does not produce
enough amount of pressure. This type of
pump is used in stationary oil engines and
in few automobile engines.

8.5.2.4 Vane Pump

This type of pump has a circular
housing. Inside which an eccentric motor
is present. The rotor shaft is connected
to a skew gear. Surface of the rotor has
equally spaced slots, which has many
vanes connected. This vanes move to and
fro in the slots. Two rings are placed at
the center so that the vanes are kept close
to the housing. Figure 8.5.2(d) shows the
arrangement of the van pump.

Vane

Casing

Discharge

Figure 8.5.2(d) Vane Pump

When the pump is started the shaft
rotates and due to the centripetal force
vanes are forced outwards. Due to which
oil enters into the casing through the
inlet. Now the vanes move in the small
space between the housing and eccentric
rotors. When the vanes move again to the
same place the oil in that place moves out
through the outlet.

8.6 PRESSURE RELIEF VALVE

The oil pump is designed in such a
way to send the fixed amount of oil when
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the engine runs at the idling speed. So
that when the engine speed gets raised,
pump speed also get raised and sends oil
with high pressure. This causes more oil
to get wasted if the oil seals and joints are
damaged. To avoid this, pressure relief
valve is fixed in this pump. This valve
releases the excess pressure developed
inside the pump. The following are the
different types of pressure relief valves
used in automobiles.

Based on design it is classified into two
types they are

1. Ball type pressure relief valve

2. Plunger type pressure relief valve

8.6.1 Ball Type Pressure Relief Valve

In this type a ball valve, spring and
adjustment screw are present. The ball
valve will be placed in its seat supported
with a spring. All these above components
are placed inside the pump housing. The
figure 8.6.1 shows the view of the ball type
pressure relief valve.

Ball
valve | Pilot drain
Spool |
[ L?‘::D — Outlet
| T [
Inlet
Figure 8.6.1 Ball Type Pressure
Relief Valve
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Working:

When the engine is off, the spring
forces the ball to seat on its seat tightly.
When the engine is started, based on the
oil pressure and the spring tension the ball
value will be in the opened or closed posi-
tion. When the engine speed is increased,
the pressure of oil is also increased. The
increased pressure once if it reaches the
tixed level, it presses the spring so that it
moves the ball from the seat and releases
the pressure and the excess oil reaches the
inlet via bypass or to the oil sump.

Adjusting Screw And Lock Nut:

Adjusting screw is used to maintain
the required level of pressure. If the screw
is tuned inwards it increases the spring
tension and allows more pressure to
open the ball valve. If the screw is tuned
outwards it reduces the spring tension and
makes the pressure of oil to open the ball
valve easily. Normally for the engines when
runs at 1000 rpm at 43 degree Celsius the
spring tension will be of 2.5 kg/cm?.

8.6.2 Plunger Type Pressure Relief Valve

It is similar to the ball type valve but
has a plunger, spring and adjustment shims.
The plunger is placed on the seat with the
help of the spring tension (Fig 8.6.2).

o

—

L

Figure 8.6.2 Plunger Type Pressure
Relief Valve

‘13

nnnoon

_ 4

Spring adjustment
screw
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When the engine is off, the spring
makes the plunger to sit on the seat. Once
the engine is started, depending on the
pressure and spring tension, spring will
open or close the path by moving the
plunger. When the engine speeds up,
the oil pressure also increases and if the
increasing pressure level reaches beyond
the fixer level the spring presses the
plunger from its seat so that the extra oil
will reach the inlet via bypass or reaches
the oil sump.

With the help of the adjusting shim
and lock nut the tension of the spring can be
adjusted. By adding or removing the shim
the spring tension is increased or decreased

Oil Dipstick or Oil Level Indicator:

Oil dipstick is used to measure the
oil level in the oil sump. A cap is placed
at the top and the Steel rod or a blade is
placed at the bottom. This rod will have
two Limits as maximum and minimum
level lines. Apart from this many small
graduationsare drawn below the minimum
level line; oil should be maintained above
minimum level line.

The dip stick is inserted through
the engine block into the oil sump. Before
starting the engine the dipstick has to be
taken out and checked for the oil level and
should be seen that the oil level should not
go below the minimum level. Lubricating
failures and reason for failures have to be
taken in care for proper maintenance of the

engine
8.7 FAILURES IN LUBRICATING
SYSTEM

Following are the some of the fail-
ures in lubricating system
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Low engine oil level
Interior cracks

Poor lubrication efficiency
Blockage of filters
Impurities in the Engine oil

AR S e

8.8 REASONS FOR FAILURE IN
LUBRICATING SYSTEM

There are many reasons for failures of
lubricating system

1. Internal and external leakage of oil leads
to reduced oil level

Low pressure in oil, the oil pump may
get damaged

Failure of oil pump belt or chain
Blockage in filter or bend in pipe

More blocks in oil filter

Damaged compounds

Broken or burnt gasket

N Ww

Broken or worn out Piston rings

8.9 METHODS TO
TROUBLESHOOT

By correcting the oil leakage
By changing the gaskets in oil sump
By changing the head gasket
By changing the paper gasket cover
By changing the drain block
By changing the piston rings
By maintaining the correct oil level

NSO R

-«
Student Activity ﬁ

1. Students should visit the nearby
workshops to study the process of
engine lubrication system.

Students should dismantle any on of
the lubrication system and sketch
the complete system and then
describe their function in detail.
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SAMPLE QUESTIONS

Choose the correct answer

1. The oil pressure level of outlet oil in the
oil pump?
a) 2kg/cm? to 4 kg/cm?
b) 3kg/cm? to 4 kg/cm?
c) 5kg/cm? to 7kg/cm?
2. Types of lubrication methods in engine.
a)2
b) 3
c)4

3. Which lubrication system is mostly
used in now a days?

a) Petroil system
b)Pressure lubrication system
c) Splash system

4. The outlet oil from the oil pump is goes
to.

a) Main gallery
b) Main bearing
¢) Oil filter
5. How many types of lubricants in the
engine?
a)2
b) 3
c)4

Answer the following questions

1. What is the necessity of the lubrication?
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2. What are the properties of a Lubrication
oil?

3. What is meant by S.A.E.?

4. What is meant by Fluidity?

5. What is meant by Volatility?

6. What is meant by Viscosity?

7. What is meant by Flash point?

8. What is meant by Foaming?

9. What are the types of the lubricant?
10. What are the solid lubricants?
11. What are the liquid lubricants?

12. What are the types of the lubrication
system?

13. What are the different parts in the lubri-
cation system?

14. What are the types of filters?
15. What are the types of oil pump?

16. Explain the working of any one type of
the Oil pump with a sketch.

17. Mention any five types of troubles in the
lubrication system and rectify them.

18. Explain the defects and remedies in the
lubrication system.
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Learning Objectives ;—‘>>@

« To learn the process of fuel filling in self-propelled vehicles.

o To learn about important components like carburettor, pump, etc.

9.0 INTRODUCTION
In this chapter we study about the Fuel

injection system (types, parts)-Air fuel ratio-
Carburettor- types (simple, solex) and Types
of Diesel engines pump, Types of Governors,
Advance mechanisms, Reasons for knocking
(measures to control knocking), Injector and
Different types of fuel supply system i.e DTSI,
CCTI, VT, PGMFI, MPFI. Fig 9.0 shows the
general layout of Fuel Supply System.

g 5=

Figure 9.0  Fuel Supply System

9.1 FUEL SUPPLY SYSTEM IN
PETROL ENGINE

The petrol from the petrol tank and
the air from the air filter is mixed completely
in correct ratio in order to make the fuel burn
completely (stoichiometric air fuel ratio). The
mixed fuel is sent in to the engine cylinder
continuously according to the speed, load

and torque of the engine in exact pressure.
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Fig 9.0 shows the general layout of Fuel Supply

System in Petrol Engine.

Fuel
Manifold
Valve

Engine-Driven

Fuel —®

Fuel Pump
Discharge
Nozzle *
o Fuel Tank
Fuel/Air Auxilary
Control Fuel Pump

Unit

Figure 9.1 Fuel Supply System

in Petrol Engine

9.2 TYPES OF FUEL SUPPLY
SYSTEM

1. Gravity system
Vacuum feed system

Pump system

L

Injection system

9.2.1 Gravity System

In this method the petrol tank is kept
just above the engine setup. So that the petrol
in the tank reaches the Carburettor due to the
gravity force. The air from the air filter and the
petrol from the tank mixes and supplied in to
the inlet manifold of the engine. This methods
are commonly used in two wheelers like
moped, scooter and motorcycles. This method
can't be used in multi cylinder and heavy duty

engines because as it has to be placed near the
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fuel tank there is the possibility of catching
fire. Fig 9.2.1 shows the Gravity System.

fT~ | vent tuba |
1L Filerco |

4
‘L.

*fuel Hiter with =edment
wap and dain

Castusetor |

Figure 9.2.1 Gravity System

9.2.2 Vacuum Feed System

This method is actuated by the
Vacuum in the engine. The vacuum created in
the inlet manifold sucks the petrol from the
tank and saved in the small substitute tank
from there it is sent to the Carburettor by
gravity method. But this method is not used

in engine now a days.

wvwv.tnsch@olbooks.in

9.2.3 Pump System

In this method the petrol from the
tank is pumped by a pump. The pump may be
mechanically or electrically actuated. In this
method the tank can be fixed at any place in
the engine and the pump can pump the fuel
from the tank. So it is not necessary that the
engine should be placed below the petrol tank
as in the two former methods. The fuel can
be supplied continuously even in any level.
There is no chance of catching fire. So that all

the vehicle now a days use this method only.

vent solenoid

purge solenoid
closed pulsed open

fuel level and
tank pressure

sensor reports
vacuum in tank

Figure 9.2.3 Pump system

4
<~ What is Direct injection

-~ Rvowe system?

« Inadirect injection engine, the fuel skips
the waiting period it would have to endure
inside a standard engine and proceeds

straight to the combustion chamber.

o It was used mainly during World War
IT in aero-engines such as the Junkers
Jumo 210, the Daimler-Benz DB 601
and BMW 801.

« With gasoline engine it needs fuel,
air (oxygen) and spark in order to

operate.

PRESSURE LINMITER

PRESSURE
SENSOR %
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9.2.4 Injection System

In this method the atomized
fuel(petrol) is injected into the compressed
air. So it is called as injection type. The diesel

injectors are being done in this method only.

Any how technology development in new
vehicles as like diesel engine, the petrol is Petrol Tank Petrol Filter
being injected in the petrol engine with the
help of electronic circuits. Fig 9.2.4 shows the

Injection System.

Fuel Filter Common Rail Pressure Sensor

l Common Ralil

| =
S L ]

e 8 - 34

Fuel Tank Control Unit Injector

Carburettor Fuel Gauge

Figure 9.2.4 Injection system

9.3 FUEL SUPPLY SYSTEM
COMPONENTS (PETROL
ENGINE)

Now a days pump system only used in

petrol engine. So the components used for that

system can be clearly explained as follows,

Inlet Manifold
1. Petrol Tank
2. Fuel Petrol Filter Figure 9.3 Components of Fuel
3. Air Filter Supply System
4. Fuel Petrol Pump In the above said components petrol
5. Carburettor tank, petrol filter, air filter and inlet manifold
6. Fuel Gauge are clearly explained in earlier chapter. So
7. Inlet Manifold that petrol pump, Carburettor, fuel gauge can

be seen clearly.

3
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~ Carburettor?
- OW?

o The first carburettor was invented by

Samuel Morey in 1826.

o A carburettor meters out and mixes fuel

with air for a proper combustible mixture.

 carburettors last longer than fuel injection

systems and are favoured in motor sports.

9.3.1 Fuel Petrol Pump

The work of the petrol pump is to suck
the petrol from the petrol tank with pressure
and send it to Carburettor. Generally by the
way of working it can be classified in to the

types. They are,

1. AC mechanical petrol pump
2. SU Electrical petrol pump

9.3.1.1 AC mechanical petrol pump

The power required to drive the pump
is taken from the eccentric in the cam shaft.
So it is placed near cam shaft in cylinder
block. When the engine starts the crank shaft
starts to rotate. The cam shaft is actuated
by the timing gear connected to it. The
eccentric in the cam shaft operates the rocker
arm in the pump. As the rocker arm moves
upwards the diaphragm to it pushes the pull
rod downwards. At that time the Vacuum is
created in the pump chamber and the inlet
value is being opened as a result. By which
the petrol is being sucked in at this time the

outlet valve is at clocked stage.
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As the cam shaft further rotates the
rocker arm is released from the eccentric
pressure. So that with the help of the spring
the pull rod moves the diaphragm to older
stage. As a result the petrol in the pump
chamber pressed out of the outlet valve and

reaches floating chamber.

When the float chamber in the
carburettor is filled with petrol, the needle
valve closes the inlet path. So that the petrol
can’t come out of the outlet valve. So that the
pressure is raised inside the pump chamber
and the pressure makes the diaphragm and
pull rod to stay down itself. At that time even
the pull rod won’t be actuated as a result the

petrol won’t come out of petrol chamber.

By this condition, the engine continuous
to rotate the petrol is being supplied so that
the petrol in the float chamber gets reduced
and the needle valve is being opened, which
makes the fuel to come out from the tank. So
that the pressure in the pump gets reduced and
starts to work as earlier. So that all operating

conditions of engine the pump works smoothly
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and supplies needed fuel. The petrol pressure
exerted from the mechanical type is directly

proportional to the spring in the diaphragm.

Usually in the mechanical petrol
pump the pressure in the petrol depends on
the tension in the spring of the diaphragm.
Generally the pressure of the petrol coming
out from the petrol will be in the range of 1
kg/cm?. Fig 9.3.1.1 shows the diagram of A.C.

Mechanical Fuel Pump.

Inlet Valve

Return

Outlet Valve

Diaphragm

Figure 9.3.1.1 AC Mechanical Petrol Pump

9.3.1.2 SU Electrical fuel pump

As like the AC mechanical petrol pump
SU electrical petrol pump also will be actuated
by the diaphragm action. But in this pump,
electricity is used to move the diaphragm
up and down instead of eccentric. When the
driver switch ON the ignition, the electricity
is passed from the battery to the solenoid
winding due to that the solenoid windings get

demagnetised. Due to which the armature in
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the diaphragm moves upward. So that Vacuum
is being created in pump chamber, by that
time the suction valve gets opened and petrol
sucked inside. At this stage, the armature
moves upwards and the breaker point moves
away and the electricity is disconnected. Then,
by the spring action the diaphragm moves to
the original position due to which the petrol in
the pump chamber comes out by outlet valve
and reaches float chamber in carburettor. If the
fuel in the float chamber is full then the needle
valve closes the inlet valve due to this the high
pressure in pump chamber the spring restrict
the action of diaphragm. When the level of
fuel in the float chamber is reduced the needle
valve gets opened and fuel (petrol) from the
pump gets in as before. Fig 9.3.1.2 shows the
diagram of S.U. Electrical Fuel Pump.

Fiing
(col

sertw
housig)

Figure 9.3.1.2 SU Electrical Fuel Pump

9.4 AIR FUEL RATIO (AFR)
For the various load and speed of
the engine, the air and fuel should be mixed

and supplied in the required manner with
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the help of the carburettor and sent into the
engine. The air-fuel ratio won’t be same for
all the time. It should be varied in different
ratio according to the needs. For example
(i)starting, (ii)slow speed, (iii)idling, (iv)
ordinary speed, (v)high speed, (vi)cold or hot
climate starting engine are the conditions at
which the air-fuel ratio is to be varied and can

be varied by three stages. Namely,

o Rich mixture
o Chemically correct (or) stoichiometric
mixture

¢ Lean mixture

9.4.1 Rich Mixture

To burn 1 kg of fuel petrol completely,
nearly 15 kg of air is being supplied. If the fuel
in the air-fuel mixture is 1kg and air is 15kg it

is said to be rich mixture.

Example, 10:1 (10 % air and 1 %
fuel). Form the example, the mixture has
high burning capacity. At the below given

conditions the engine needs rich mixture.

o During starting (A:F = 5:1)
o Idling (A:F=10:1)
o While overtaking (A:F =12:1)

9.4.2 Chemically Correct (or)
Stoichiometric Mixture

In the air-fuel mixture if the air is more
and petrol is less, then it is called Chemically

correct (or) stoichiometric mixture.

Example, 16:1 (16 % of air and 1% of
fuel)

In normal and ordinary speed the

engine is being operated at normal mixture.
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9.4.3 Lean Mixture

If the fuel exceeds beyond the
stoichiometric limit, then it is called lean
mixture. Example: (18:1). The vehicle will
operates at lean mixture in case of low load and

high speed.

9.5 CARBURETTOR
The carburettor is
the important component in

the petrol engine. It makes

the liquid form of petrol in
to vapour form and mixes it
with required amount of air and sends into
the cylinder. It also atomises the fuel for
easy mixing with air. This process is called

carburetion.

9.5.1 Function of Carburettor

1. It stores the required amount of petrol in
the float chamber

2. It vaporizes the fuel and mixes with air

3. Carburetion is done as per engine load and
speed

4. Rich mixture is supplied to engine during
starting and high speed conditions

5. When the engine is at idling stage it mixes
less amount of fuel to the air and sends to
the engine

6. According to the load and speed of the engine
the air-fuel mixture is sent to the engine.

9.5.2 Requirements of Carburettor

1. For the required engine and load the air-
fuel mixture should be mixed correctly and

sent it to the engine cylinder.

2. During cooling and heating conditions,
carburettor should able to start the engine

easily.
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3. It should not affect the fuel economy

4. Screw arrangement should be made
properly for the various speed and load of

the engine

9.5.3 Types of Carburettor

Carburettor can be classified as follows

9.5.3.1 Down draught carburettor

(I) In this type of carburettor the air would
come from induction manifold to downward
direction due to gravitational force.
It will be placed above the induction manifold.
Most of the vehicles use the down draught
type carburettor. The fig 9.5.3 shows the

down draught carburettor.

9.5.3.2 Up draught carburettor

In this type, air-fuel mixture goes from
bottom to top of the induction manifold. The
tig 9.5.3 shows the up draught carburettor.

9.5.3.3 Side draught carburettor

In this type, air-fuel mixture goes from
one side to another side way. This is placed
side of the induction manifold. Figure 9.5.3

shows various types of Carburettor.

Throttle
Float chamber

(c) Cross-draught

Figure 9.5.3 Various Types of Carburettor
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Semi down draught carburettor:

This type of carburettor is the
combination of down draught and side
draught carburettor .in this type petrol-air

mixture will be slightly slanting position.

(IT) According to working of carburettor,

a) Constant choke carburettor:

In this type by keeping the area of the
orifice constant and changing the pressure
using venturi, carter, solex and zenith are the

types coming under constant choke carburettor

b) Constant Vacuum carburettor:

By changing the area of orifice and
keeping pressure as constant. This type
of carburettor is called constant Vacuum

carburettor comes under this type.

(III)  According to number of barrel,

1. Single barrel carburettor:

Generally in four cylinder engines
single barrel carburettor is being used. it
contains only one barrel along with fuel jet,

venturi, choke valve and the throttle valve.

2. Dual or multi barrel carburettor:

In this each barrel has the separate
parts that are associated with the system.
For each barrels there will be a separate
connection to inlet manifold. This type of

carburettor mixes the air fuel ratio uniformly.

9.5.4 Simple Carburettor

Without any of the advanced

technologies in the system supplies the air
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Choke valve

Figure 9.5.4 Simple Carburettor

fuel (petrol) ratio correctly according to the
load and speed of the engine in a carburettor
works it can be called as simple carburettor.

Figure 9.5.4 shows the Simple Carburettor.

The parts of simple carburettor

1) Float chamber

2) venture (or) choke tube
3) main jet

4) choke valve

5) throttle valve

Working:

In float chamber there be a float and
a needle valve, usually the float will be thin
copper plate or plastic material of less weight
and it will be made such that there will be

Vacuum inside.

The inlet petrol from the fuel pump
will be attached to the top position of the float
chamber. So that when the petrol comes into
the float chamber when it reaches the certain
level the float moves upwards. When the float
chamber is full the need valve in the float

block the petrol line. Like the same way when
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the petrol level reaches down the float comes
down and allows petrol to come in. so that
the level is maintained inside the chamber

always.

The level of the petrol in the float
chamber will be 5mm less than needle height.
So that when the engine at rest and while
climbing hills it won't allow petrol to over

flow in the mixing chamber.

To control the amount of air fuel
mixture from the carburettor to the engine,
there will be throttle valve in the carburettor.
This valve will be connected to the accelerator
cable with suitable arrangements. So that
when the driver presses the accelerator pedal
the amount of air fuel mixture goes inside the

engine accordingly.

During the suction stroke of the
engine more air will be sucked inside via air
filter. In the air flow passage there will be
venture with convergent type. When the air
crosses the venture the pressure reduces and
speed is increased around the main nozzle. So
that when the petrol enters the nozzle with
less pressure it can be vaporized easily and
mixes with the air. It crosses the throttle valve
inlet manifold and inlet valve and reaches the

engine cylinder.

In cold climate when engine is started
the choke valve is being closed using the
choke cable. So that the air flow passage is
closed for some time at that time the petrol
and less amount of air in the mixing chamber
and enters the nozzle as rich mixture. So that
it will be easy to start engine as petrol high

and less air (rich mixture).
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Drawbacks of simple carburettor:

1. Starting difficulty:

To start the engine rich mixture is
needed to the engine, but simple carburettor

will supply only the lean mixture.

To supply rich mixture we need to use
any of the following setup adjustable area jet

(or) separate air passage.

2. Idling difficulty:

After the engine starts without the
movement of the vehicle the engine alone
working is a stage called “idling stage”.
To maintain the engine at idling stage the
suction in the venturi is very less so that it
can’t take required amount of fuel from the
main nozzle. So that there is difficulty to run

engine in slow speed.

3. Running difficulty:
When the engine speed is high (or)

getting slow, the simple carburettor won’t
work properly. So to avoid the running
difficulty we need to adopt any one of the

following methods.

1) Extra air compensation valve
2) Restrict air fuel compensation valve
3) Jet compensation valve

4) Main jet compensation valve.

4. Acceleration difficulty:

When the throttle valve opens
suddenly more amount of air is sucked inside,
so that there is a delay in petrol supply. So
that the lean mixture will be supplied to the
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engine so the engine struggles at load. To
compensate this acceleration pump is being

used.

5. Weather difficulty:

If a carburettor is set in hot climate it
will give lean mixture during cold climate. In
the same wayifitissetatcold climateit will give
rich mixture during hot climate. To overcome
this problem a climatic control device is being

installed in advanced carburettors.

6. Icing difficulty:

The venturi part in the carburettor
is the place where the petrol gets vaporized.
So at that place the cold region is formed
by removing hot region. So that at the cold
climates and in hill regions the petrol in the
carburettor gets freezes. To avoid this idling
port and throttle regions of carburettor
is heated using exhaust gas, also the hot
water from the radiator is poured on to the

carburetor which avoids petrol freezing.

7. Altitude difficulty:

At higher altitude regions the pressure
will be less which makes air concentration
very less. So that will give rich mixture to the
engine. Some additional arrangements are

made to supply lean mixture to the engine.

9.5.5 Solex Carburettor

To meet the fuel requirments of the
different operating conditions of the engine
in most of the transportation vehicles like
petrol cars the solexcarburator is used. This is
one of the down draft type carburetors. With
respect to the engines speed and torque the
fuel air mixture is prepared by this carburettor

and sent through the intake manifold to the
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Figure 9.5.5 Schematic view of the Solex Carburettor

engine combustion chamber. The schematic

® view of the Solex carburettor can be seen in
Fig. 9.5.5.
This  carburetor has  different

additional circuits to be present for the

complete operation of the engine. The

important circuits are

ook » N
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Float circuit

Starting circuit

Idling and low speed circuit
Normal running circuit

Accelerating pump circuit

Float circuit: Float circuit is used for
balancing or maintaining the fuel level
uniformly in the carburetor with the help
of needle valve placed above on the float.
When the float moves down, the fuel
(petrol) from the fuel tank automatically

enters into the float chamber. If the petrol

2

®

2)

fuel level is increased inside the chamber
then the float moves upward and the needle
valve closes the fuel flow inlet path. By this
way the float circuit maintains the petrol
fuel level uniformly. Fig 9.5.5(a) shows the

float circuit.

«— Fuel Flow

e

Bowl

Fig.9.5.5(a) Float Circuit

Starting circuit: The bi-starter valve adapted
in this circuit is actuated by using starter

lever. It consists of two different sized holes.
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3)

Throttle

Plate

Closed
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The required amount of rich mixture for
starting the engine is given by the starting
petrol jet. In the two holes presented in the
starter valve one is connected with starter
petrol jet and another hole is connected
with the starting passage. While starting the
engine, for sending rich mixture the bigger
size hole in the starter valve is connected to
the starting passage. Hence the amount of
petrol fuel mixed with the air gets increased
and results in formation of rich mixture and
enters into the mixing chamber. After the
engine is started the starter lever must come
to the balanced state. Hence a small hole in
the starter valve coupled with the petrol jet
is closed and hence the level of petrol fuel
is reduced. When the engine comes to its
normal operation the startor lever is brought

to its off position.

Idling and low speed circuit: During idling
stage the engine will not be accelerated.
So the venturi is completely closed by the
throttle valve. Hence the vacuum created
inside the intake manifold is passed to the
idle port located below the throttle valve.
Hence the petrol fuel from the idlejet is
mixed with air which coming from air jet
and finally the mixture is sent to the engine
through idle port. Idling and low speed
circuit can be seen in Fig 9.5.5(c) Idling and

Low Speed Circuit.

b

—~7

Off-idle
Port
Uncovered

¢

—

Throttle
Plate
Slightly
Open

Idle Mixture

High
Screw

Manifold
Vacuum
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Fig.9.5.5(c) Idling and Low Speed Circuit

4)

5)

When driver accelerates the engine
for moving the vehicle, the throttle valve
gets opened slightly. Because of the above
phenomenon vacuum inside the intake
manifold is spreaded in to the idle port
and slow speed opening. Hence the fuel
coming from the petrol jet and air coming
from the air jet are inducted to the engine

through slow speed opening and idle port.

Normal running circuit: For increasing the
engine speed driver presses the accelerator,
at the time throttle valve gets opened further.
Hence the required amount of petrol fuel
needed for the engine is comes through the
main jet and at the same time maximum
amount of air is supplied to the venturi. The
air is mixed with the petrol fuel and sent to

the engine through the throttle valve.

If the wvehicle

to be accelerated the more fuel must be

Acceleration circuit: is
supplied with rich mixture condition for
the engine operation. Acceleration pump in
the acceleration circuit is used to perform
the above process. Acceleration pump is
connected to the accelerator pedal with
linkages. The acceleration pump which
consists of diaphragm coupled with a spring
at one side and linkages on other side which
is connected to the accelerator pedal. Petrol
fuel is supplied from the float chamber to
pump chamber with the help of ordinary
pump connected in between the both

chambers with pump valve.
By giving sudden acceleration to the
accelerator pedal the diaphragm inside the

pump will acts against its spring tension.

31-01-2019 18:02:29‘ ‘



When the diaphragm is stressed,the more
amount of petrol fuel from the tank is
injected to the engine through the venturi.
When the driver released the accelerator
pedal, diaphragm get relived from the stress
and comes to its original position. Because
of this a vacuum created inside the pump
chamber will sucks petrol fuel and sent to
the float chamber with help of pump valve.
By this way pump get actuated automatically
for the next process. Fig 9.5.5(e) shows the

Acceleration Circuit

Pump
Nozzle
Throttle
Opening
Quickly Acceleration
Pump

Fig.9.5.5(e) Acceleration Circuit
9.6 PETROL INJECTION

There are some disadvantages faced
by sending air fuel mixture with carburation
technique in petrol engines. For example, in
multi cylinder engines the amount of air fuel
mixture was varied from cylinder to cylinder.
So at the slow speed engine could not attain
steady state condition. Furthermore the
energy produced from the each and every
cylinder is getting varied. Hence engine
vibrates more. So now days in petrol engines

also direct injection of petrol is practiced.

Robert Bosch is a German engineer
who introduced first time the concept of

direct injection of petrol in the Mercedes

‘ ‘ AM_Unit_09.indd 185

wvwv.tnsch@olbooks.in

=

racing cars. Comparably Petrol injection
technique is completely varied from diesel
injection. Petrol injection was made near to
the intake manifold with minimum pressure
in the injector whereas diesel injector operates

with high pressure for injection.

9.6.1 Advantages of Petrol Injection
technique

1. We can inject uniformly the air-fuel
mixture with required amount to the each

cylinder in the multi cylinder engine.
2. Increases in volumetric efficiency.

3. It reduces air-fuel mixture escapes from the

exhaust during scavenging process.
4. Reduces knocking.

5. For all the speed and torque conditions,
uniform amount of air fuel mixture can be

supplied.

The following four parts are mainly used in

petrol injection technique:

1) Pumping element — used for pumping
petrol from tank

2) Metering element — it measures the petrol
fuel quantity

3) Mixing element - it atomize the petrol fuel
and tend to fine mix with air.

4) Distributing element - supplies petrol fuel

to all the cylinders uniformly.

Electronic fuel injection system was
established for the proper functioning of the
engine. In this technique mechanical injector
was replaced with electronic fuel injector

with control valve.

The layout of electronic fuel injection

system was shown in the fig. 9.6.
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Figure 9.6 Layout of Electronic Fuel Injection System

In this fuel injection system electrically
operated control valve with injection pump
is introduced. This injection system receives
petrol fuel from the fuel tank and injects at
high pressure to the engine through metering

distributor.

Inside the injector there is a solenoid
which is operated under electrical supply with
the help of electron control unit. ECU is a

preprogrammed control unit with computer.

The injection of petrol fuel timing
was given to the injector through the ECU
with help of signals from the sensors. Meter
valve receives the signal from the sensor and
controls the solenoid for injecting petrol fuel

in proper ratio in the each cylinder.

The signal quality received from the

ECU shows need of some other purpose of

‘ ‘ AM_Unit_09.indd 186

5

®

the engines behaviour. To determine such
behaviours so many sensors are introduced
in to the engine. The behaviours are finally
converted and send to the ECU. The required
sources are air intake temperature, engine
load, engine pressure, engine performance,
air flow rate, engine coolant temperature,

oxygen sensotr, etc.,

9.6.2 Types of Petrol Injection

1) Direct injection

2) Single point or throttle body injection
3) Multi point or port injection

4) Timed and continuous fuel injection.

a) Combustion chamber injection (or)
direct injection:
It will looks like diesel engine. In this
type of injection, it was designed to inject

petrol fuel directly to the engine cylinder.
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Here petrol fuel air mixture is not sent in to
the cylinder through intake manifold and
inlet valve. In case of that only air is inducted
to cylinder through the intake manifold,
whereas petrol fuel was directly injected in to
the cylinder. Because of this engine consumes
less fuel and produces higher performance.
But presently this type of injection system
was not in practice, because of some
uncontrollable parameters such as exhaust

smoke and petrol fuel consumption.

b) Single point or throttle body injection:

In this system injectors are placed at
each and every throat in the throttle body.
This injector injects and sprays the petrol
fuel before the throttle valve in the air. This
developed spray of fuel was sent to the intake
manifold and mixed with the air. By this way
air fuel mixture is sent to the intake port
through the inlet manifold. Non-uniform rate
of air fuel mixture, vaporization of petrol fuel
in the intake manifold, pressure difference
inside the manifold are some of the problems

involved in this system.

¢) Multi -point or port injection:

In this system a separate injector was
mounted in to the each and every cylinders
intake manifold line. This injector injects and
sprays petrol fuel in to the air passage in the
intake manifold. This process denotes multi

point fuel injection system.

d) Timed and continuous fuel injection:

Injection was depends on timed
control it denotes this timed fuel injection.
Fuel injection occurs from the injector
by fixed timing mode in this system. In

continuous injection system fuel injection
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occurs continuously in to the manifold. The
cost and handling in continuous injection
system is low and easy compared to timed
injection system. In this system more amount
of fuel injects in to the intake manifold with
low pressure. The injected fuel mixed with
the air in the manifold and mixed to form
flammable mixture before entering in to the
intake port. Now this mixture is ready to
inject in to each cylinder. These mixtures
get in to the engine by the opening of each
and every inlet valve respectively. Inside the
cylinder these mixture get mixed more fine for
attaining its ignition point. In timed injection
system fuel get injected in to the manifold
at particular duration given from the timed
control unit. In this system by controlling the
fuel supply, the consumption of petrol fuel
gets controlled. This system looks like diesel

injection system used in the diesel engine.

9.7 COMPARISON BETWEEN
MPFI AND CARBURETTOR

The working principle of MPFI and
Carburettor are mostly same. However, there
are several methods are used to identify the
amount of air required when sending fuel in

to the engine

Carburettor:

When engine is running under idle
or slow speed the throttle valve is in closed
position, hence the amount of air inducted
in to the engine was measured using the
pressure difference occurred in the manifold
surroundings. During normal running
condition the Vacuum created inside the
venturi is used to measure the amount of air

supplied in to the engine
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MPFI:

In this system for injecting fuel we
need to measure the amount of air inside the
system. Electronic injection system consists
of various devices. Air flow meter (sensor)
is placed in the system for measuring the
amount of air inducted and the signal is sent
to the ECU. Then this ECU sends one signal
to the injectors. By the method injectors
injects fuel in uniform manner with the help
of pump in to the each cylinder separately

respective to the signal from the ECU.

Types of MPFI System:

Based on the amount of air inducted

in to system MPFI classified in to two types

1. D-MPFI ( manifold pressure control type)
2. L-MPFI ( air flow control type)

D-MPFI

D-MPFI also called as a D-Jetronic.
D-Jetronic is a german word comes from a
word ‘Druck’ (pressure). In the type of system
air flow rate is measure based on the Vacuum
created inside the manifold. D-MPFI is mainly
used in the engine which was controlled by

the computer control system.

L-MPFI

L-MPPFI also called as L-Jetronics.
The word L in the L-Jetronics is comes from
the german word called ‘Luft. The meaning
for ‘Luft’ is air. This L-MPFI system is mainly
used in the electronic fuel injection (EFI) and
Computer controlled system (CCS) adopted
engines. In this type of system the air flow
rate inside the manifold is measured using

sensor called Air flow meter.
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Basic parts of MPFI:

The MPFI are consists of three
different parts:

1) Electronic Control System
2) Fuel System

3) Air Induction System

(i) MPFI - Electronic Control System

It consists various sensors like Air flow
meters, Water temperature sensor, throttle
position sensor, Intake Air Temperature
sensors etc. The ECU system controls the
injection duration of the injectors based on

the signals received from the above sensors.

(ii) MPFI - Fuel System

It consists of Fuel Pump, fuel cold
start injector, Timing and Injection signal
control (ECU). The ECU system controls and
defines the amount of fuel to be injected in
to the manifold with the help of injector by

receiving signals from the sensors.

(iii) MPFI - Air Induction System

It consists of Air cleaner, Air flow
meter, Throttle body, Air valve, Air intake
chamber, Intake manifold and cylinder. All
this devices are used in the system is for
supplying exact amount of air required for

the complete combustion.

9.8 METHOD OF FUEL SUPPLY
(DIESEL ENGINE)

In the present economic condition
spending more money for buying fuel for

the vehicles becomes a difficult one for the
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common people. Hence people prefer low
cost fuel for the vehicles. Diesel is a low
cost fuel than petrol and it has high thermal
energy and pulling power. In this way when
diesel is used as fuel the method of supplying
the fuel and combusting it becomes different
from using petrol in Otto cycle. In the diesel
cycle based engines a separate fuel supply
system is used for introducing fuel inside the
combustion chamber of the engine. The fuel
supply system of the diesel engine has the

following components.

1. Fuel Tank
Primary (course) Fuel Filter

Fuel feed pump

2
3
4. Secondary (fine) fuel filter
5. Fuel Injection Pump

6

Fuel Injector or Nozzle

In the above components of the
fuel supply system the fuel tank, fuel filter,
fuel feed pump were already discussed in
detail. Hence here the details of types of fuel
injection pumps and their arrangements can

be seen in detail.

9.9 FUEL INJECTION PUMPS

In any diesel engine for producing
required power, specified amount of fuel at
the specified pressure and at the specified time
must be introduced inside the combustion
chamber. The device used for achieving such
operation is called as the fuel injection pump.
If the fuel is injected in such high pressure
inside combustion chamber which has the
compressed air at very high temperature then
the fuel will get auto ignited and the engine

power will increase. The pumps used for such
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operation are classified into the following

types.

1. Inline or jerk type Pumps
2. Distributor pumps

9.9.1 Inline (Jerk type) Pump
When the fuel is supplied through the

intake manifold by induction like carburetion
due to wall wetting effect appropriate fuel will
not be supplied to the individual cylinders.
Due to this improper distribution of the fuel
supply, individual cylinders produce varying
power outputs in multi cylinder engines. This
distribution of the fuel could be avoided by
injecting the fuel by using separate injectors
titted at the individual cylinders of the
engine. In multi cylinder engines when the
appropriate amount of fuel is injected at the
appropriate timings as per the firing order
then the power variations can be eliminated.
In multi cylinder engines the injectors are
mounted at each cylinder of the engine and
arranged in line and operated by individual
injection pumps which are operated by a
common cam shaft. These types of pumps are
called as in line pumps. The injection pressure
in such pumps can be increased from 7 Mpa
(mega pascal) to 30 Mpa. In a diesel engine
operating at 6000 rpm with 150 mm?® quantity
of the fuel will be injected 20 times. The In

line pumps can be also called as jerk pumps.
Construction:

In an in line diesel pump plunger,
barrel and delivery unit are the important
components present. The plunger is kept
inside the barrel in correct fit and allowed
to move inside the plunger barrel up and

down. Tooth quadrant provided on the barrel
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unit helps to operate the accelerator rod
front and back. This arrangement is made
in the fuel injection pump by using a spring
arrangement. The cam shaft is present at the
bottom of the fuel injection pump. When the
cam shaft rotates the cam present in the shaft
lifts the plunger unit of the pump. There are
provisions made in the barrel to admit fuel
and deliver the fuel. The helix present in the
plunger in connection with the spil port is
designed to suck the fuel and pressurise it.
The delivery unit present in the pump at the
top has the spring loaded delivery valve and
the spring as a single unit. The schematic view
of the in line pump can be seen in Fig 9.9.1
and the plunger control rack arrangement can

be seen in Fig 9.9.1(a).

Operation:

The in line injection pump of the
engine is operated by the timing gear. When
the engine is started, the crank shaft is rotated

and the power is transferred to the engine

/

1 A
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cam shaft. From the cam shaft the power goes
to the fuel injection pump cam shaft through
the timing chain. The plunger present in the
fuel injection pump moves up and down
due to the cam’s rotation. When the plunger
is moved down the fuel is sucked inside the
barrel of the pump through the inlet port.
This happens when the vertical slot is in
connection with the spill port and the fuel
enters into the pump barrel. To control the

amount of fuel delivered to the injector the

Fuel tube

Injection pump assembly

—— —l -

:—-::-I.':j.t-: \Fuel tank

Figure 9.9.1 Schematic View of
the In line Pump

Injector pipes

Delivery valve

Stop control %B
Throttle lever | ¢

~ Pumping element

N\
me_| Cold start
A /‘ (maximum fuel
. Govemor
Pump_ drive nousing button)
coupling /
- Pump Fuel control Roller cam
camshaft  rod or rack follower

Figure 9.9.1(a) Control Rack and Plunger Arrangement
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Control rack in connection with the
tooth quadrant present in barrel unit is used.
By moving the control rack front or back the
helix position in the plunger meeting the spill
port is varied. When the plunger is moved up,
the inlet and spill port are cut and hence the
fuel is compressed inside the barrel and high
pressure is developed in the pump. When
sufficient pressure is attained the delivery
valve opens and the pressurised fuel present
in the pump is supplied to the respective
injector as per the firing order and injected

inside the combustion chamber.

9.9.2 Distributor Pumps

Use of individual pump and injector
in individual cylinders of a multi cylinder
engines leads to energy loss ( due to the
operation of the individual plungers in the
pump) and more maintenance in diesel
engines. Hence instead of the in line pump,
a single unit arrangement can be used which
could pressurise the fuel and supply it to
the appropriate cylinders at the appropriate
time. Such pump is called as the distributor
pump. The power for the distributor pump
is obtained from the gear present in the cam
shaft.

Construction: The distributor pump has
a sleeve, rotor, plunger and a delivery unit.
Rotor is placed inside the sleeve to rotate
and move up and down. For the diesel fuel to
enter and leave ports are made in the sleeve.
The port is called as the metering ports. The
plunger unit is placed inside the rotor unit to
operate. There is a gear placed at the bottom
of the rotor. The delivery unit of the pump is
kept at the top of the rotor. The view of the

distributor pump can be seen in Fig 9.9.2.
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Operation: Unlike the in line pump, the
distributor pump is designed as a single unit
in such a way to distribute the diesel fuel to all
cylinders. In the rotor a long path is present to
pass the fuel. This path is provided to supply
the fuel to the individual cylinders depending
on the rotation of the suction port. When the
engine is started due to the rotors rotation
and up and down movement the fuel entering
inside the pump is compressed and hence the
pressure of the fuel is raised. The pressurised
fuel then reaches the delivery valve. From
the delivery valve through the high pressure
line fuel is supplied to the injectors as per the
tiring order and sprayed at high pressure. The
fuel delivered from the pump is controlled by
using a metering rod and the governor unit
for controlling the engine’s speed. To control
and meter the fuel the metering rod and the
governor unit are used. The governor unit is
connected with the accelerator pedal of the

vehicle.

Section at AA Section at BB

Inlet —e

— Outiet port - B

Fig.9.9.2 A view of the Distributor pump
9.10  GOVERNOR

Normally in petrol engines the
carburettor unit mixes the air and fuel at
correct proportions and supplies to the engine
depending upon the engine’s requirement.

However, in diesel engine air and fuel are
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separately introduced inside the engine
combustion chamber and then ignited. Hence
for supplying the required amount of fuel (in
diesel engine) or fuel air mixture (in petrol
engines) depending upon the engine’s speed
and load governor unit is used. At all speeds
and loads to operate the engine safely the
governor has the following operation stages of

operation,

1. Governor cut in speed
2. Governor cut out speed

3. Governor over run

Note:

Governor Cut in Speed: Governor cut in
speed represents controlling the speed of the
engine by using the control rack by moving
the rack out and supplying the required

amount of fuel to the engine.

Governor cut out speed: When the control
rod is operated beyond the control speed the
fuel supply is cut by the governor this is called

as cut out speed.

Governor Over run: The difference between
the governor cut in and cut out speeds is

called as governor over run.
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9.10.1 Governor Terminologies

Based on the working principle
governors can be classified into three types.

They are

1. Mechanical Governors
2. Pneumatic Governors

3. Hydraulic Governors

1. Mechanical Governor: To control the
engine’s speed and load and reduce
wastage of fuel governor is used in engines.
The mechanical governor is operated
mechanically. This governor is generally
used in diesel engines. The construction
and working principle of the mechanical

governor are as follows,

Construction: In this governor spring
loaded weights, control rack, sleeve and
bell crank lever are present and linked
together properly. The sleeve is placed on
the governor shaft and allowed to move
freely. The two centrifugal masses are
connected with the plunger sleeve through
the bell crank lever. The governor shaft gets
the power from the engine. The layout of
the mechanical governor can be seen in Fig
9.10.

1. Height of a governor. It is the vertical distance from the centre of the ball
to a point where the axes of the arms (or arms produced) intersect on the
spindle axis. It is usually denoted by h.

2. Equilibrium speed. It is the speed at which the governor balls, arms etc.,
are in complete equilibrium and the sleeve does not tend to move

upwards or downwards.

3. Mean equilibrium speed. It is the speed at the mean position of the balls

or the sleeve.

4. Maximum and minimum equilibrium speeds. The speeds at the maximum
and minimum radius of rotation of the balls, without tending to move
either way are known as maximum and minimum equilibrium speeds

respectively.

5. Sleeve lift. It is the vertical distance which the sleeve travels due to change

in equilibrium speed.
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Vertical Movement
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Rotating Shatt

Horizontal Movement
of Weights
<+

Rotating Weights

Collar

of Collar
Rack Lever

Drive from
Engine

Fig 9.10.1.1 Layout of a Mechanical

Governor

Working Principle: When the engine is
started the governor shaft gets the power
and rotates. As the governor shaft rotates
the masses connected with the spring also
rotate and hence the masses are forced to
rotate outside due to the centrifugal force.
Hence the sleeve placed in the governor
shaft is moved upwards. The one end of
the lever connected with the control rack is
moved up along with the sleeve. This causes
the other end of the lever to move down and
operates the control rack. Due to this the
diesel supplied to the engine is reduced and
hence the engine speed is reduced. Similarly
when the accelerator pedal of the driver is
pressed the control rack is operated and the
speed of the engine is varied. In the same
way the engine speed can also be increased
by moving the centrifugal mass. The
governors of this type are of two types. 1.
All speed governor and 2. Maximum speed
governor. The governor operated by the

driver’s engine speed control is called as the

wvwv.tnsch%olbooks.in
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maximum speed governor and the governor
operated by the spring force without the

accelerator is called as all speed governor.

Pneumatic Governor The governor
operated by using only the engine Vacuum
without any bolts is called as the pneumatic

governor.

Construction: This type of governor has
two main parts such as 1. Venturi unit
and 2. Diaphragm unit. The venturi unit
is connected with the intake manifold and
the diaphragm unit is connected with the
fuel pump. The venturi unit and diaphragm
unit are connected by the Vacuum pipe. The
diaphragm is connected to the control rack.
The construction of the pneumatic governor

is shown in Fig 9.10.1.2.

Air Filter

Idling 1 Attached to
Engine Stopping
Control

Fig 9.10.1.2 Pneumatic Governor

Working Principle: When the accelerator
pedal is pressed the butterfly valve in the
venturi opens. Hence the Vacuum in the

inlet manifold reaches the diaphragm unit
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through the Vacuum pipe. The control rack
connected with the diaphragm is operated
and the diesel supply is controlled. By this
way the engine speed is controlled in the

pneumatic governor.

3. Hydraulic Governor : This type of governor
is operated by the cam shaft of the engine.
The control plunger in this governor is
connected with the control rack of the fuel
injection pump by a spring. This type of
governors are operated by the liquid present
in the control plunger. When engine is
started due to the rotation of the cam shaft
the control plunger is operated and the
control plunger operates the control rack of
the fuel injection pump. The control rack of
the fuel injection pump is operated by the
hydraulic liquid in the control plunger. The
schematic view of the hydraulic governor
shown in Fig 9.10.1.3.

COMPENSATING
LEVER

FUEL CONTROL
SPEED
ADJUSTMENT

FLYWEIGHT

Fig 9.10.1.3 Schematic View of the

Hydraulic Governor

9.11 DIESEL KNOCK

Knock in diesel engine is an unwanted
effect caused due to the increased ignition
delay of the engine. During the ignition delay
period fuel is injected continuously. When

the accumulation of the fuel is more due to
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the increased ignition delay, when ignited the
accumulated fuel suddenly gets combusted
and results in severe fluctuation in cylinder
pressure and rate of pressure rise. This cause

violent sound called as diesel knock.

9.11.1 Reasons for Diesel Knock

1. Lower compression ratio of the engine
2. Lower fuel injection pressure

3. Faulty injector

4. Blockage in the nozzle

5

Earlier injection of the diesel fuel

9.12 COMMON RAIL DIRECT
INJECTION

Common Rail Diesel Fuel Injection Systems

i essure limiter valve
Fuel pressure sensor E ; :

Diesel filter

High pressure pump ‘

Injectors
Fuel pressure
regulator valve

A A A A

o o T JEEE

D. Boost temp sensor
E. Air temp sensor
F. Coolant temp sensor
G. Ol temp sensor

Electric
fuel pump

e Low pressure fuel line A. Crankshaft speed position

B. Camshaft speed position

C. Accelerator pedal brake / clutch /
vehicle speed sensor

m=—=mxmm High pressure fuel line

— Fuel return line

Fig.9.12 Common Rail Direct Injection

Common Rail direct injection of
diesel fuel is the recent technology followed in
modern diesel engines in introducing diesel
tuel inside the engine combustion chamber.
To improve the vaporization behaviour of the
diesel fuel, the fuel is supplied to a common
rail at very high pressure from the fuel pump.
This method is called as the common rail
direct injection. In this method with a small
amount of diesel fuel more power is obtained.

In addition the emission levels are reduced
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significantly. Hence in modern diesel engines
this system is used for good fuel economy and
lower emission levels. In this common rail
direct injection system the fuel pressure is
maintained at 1350 - 2000 bar in the common
rail by using a fuel pump. The fuel is supplied
to all the injectors from the common rail
and injected into the combustion chamber
according to the firing order. The pressure
maintained in the common rail is not
depending on the engine’s operation. Hence
the CRDI system shows as better method
as compared to the conventional engine
systems. In the CRDI system the common rail
and the high pressure lines connected with
the injectors are designed to withstand very
high fuel pressures. The electronic control
unit (called as ECU) present in the system
determines the amount of diesel fuel injected,
the fuel pressure, injection timing and the
injection duration. The ECU receives the input
signals from different sensors, calculates the
amount of fuel required, time for injection
duration and other details for injection of the
fuel and delivers required output signals to
the solenoid operated injectors. By this way
the fuel injection pressure, time and duration
of injection and the amount of fuel injected

are controlled.

Construction of CRDI system: The
CRDI system consists of a fuel lift pump, a
high pressure diesel pump, a common rail for
storing diesel at high pressure and solenoid
operated diesel injectors. In addition the
system has different sensors, actuators and an
electronic control unit (ECU). The lift pump is
used to pump the diesel fuel through the filter
to the high pressure diesel pump. The diesel

from the high pressure pump transfers the fuel
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to the common rail. The injectors mounted
on the cylinder head of the engine receive
the high pressure fuel from the common rail
through the high pressure lines. The solenoid
operated injectors open the injector holes
according to the signals received from the
ECU. 16 bit or 32 bit microprocessor acts as
the brain of the ECU used in the CRDI system.
The temperature of the engine, temperature
of the air and fuel, the rail pressure, engine
booster pressure, accelerator pedal position,
vehicle speed and intake air amount etc. are
monitored continuously by the ECU using
different sensors located at different parts of
the engine by input signals. Figure 9.12(a)

presents the construction of the CRDI system

High-pressure pump
with integr. metering l
unit and mech. o
pre-supply pump

Rail-pressur
sensor

Filter w. Sensors <7 A Actuators

water
separa-
tor

Solenoid
injector

mm High pressure
C3 Low pressure

Fig9.12(a) Construction of the CRDI

system

Operation: Diesel fuel from the
tuel tank is lifted by the fuel lift pump and
supplied to the fuel filter. The fuel lift pump
is operated electrically without the support
of the engine power. The high pressure pump
operated by the engine develops very high
pressure and forces the high pressure fuel to
the common rail. The fuel from the common
rail is supplied to the individual injectors
through the high pressure lines and the fuel is
sprayed in the cylinder at very high pressure.

The electronic control unit receives the
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signals from the sensors and calculates the
diesel injection pressure, injection timing,
amount of fuel injected and the duration of
injection etc. and gives output signals to the
injectors. The electrical signals from the ECU
operates the solenoid switch. Depending on
the electrical signals received from the ECU
the solenoid will open and close the injector
hole and sprays the fuel. The limit switch
and the non return valve in the common rail
control the diesel pressure and the excess

diesel is returned to the fuel tank.
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9.12.1 Advantage of CRDI System

1.

2.

Improves the engine’s performance
Reduces the diesel supplied
Reduces the emissions

Improve the power output

Starts the engine quickly

Smooth engine operation

Student Activity é
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SAMPLE QUESTIONS

1.

How many types of Fuel Supply System
are used in IC Engines?

a) Two

b) Three

¢) Four

How many Kilogram of air is needed for
complete compression of 1 kg of Petrol?
a) 4kg

b) 10kg

c) 15kg

Based on air inlet how many types of
Carburettor are there?

a) Two

b) Three

c¢) Four

How the Throttle Value in Carburettor is
operated?

a) By Vacuum

b) By accelerator pedal

c) By petrol pump

Who initially introduced petrol injection
system?

a) Robert Bosch

b) Nicholas Otto

¢) Rudolph Diesel

Answer the following questions

N ue
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What are the types of Fuel Supply system?
What are the important parts in the fuel
supply system?

How many types Petrol Pump? Mention
the names.

What is meant by Air fuel ratio?

What is meant by Rich mixture?

What is meant by Normal mixture?

What is meant by lean mixture?

"
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10.
11.

12.

13.
14.

15.
16.

17.
18.

19.
20.
21.

22.
23.
24.

25.

What are the functions of the carburettor?

What are the requirements of the

carburettor?
What are the types of the carburettor?

Explain with a neat sketch of a simple

carburettor.

What are the troubles in the simple

carburettor?
Draw and explain the starting circuit.

What are the advantages in the Petrol

Injection system?
What is meant by ECU?
What is meant by MPFI? And name the

types.

What are the types MPFI? Explain any one
type.

What are the important parts of the Fuel
supply system in Diesel Engine?

What is meant by Governor?

What are the types Governor?

Name the types of a Governor? Explain any

one type with sketch.
What is meant by Diesel Knocking?
What are the reasons for Diesel Knocking?

What is common rail diesel injection

system? And explain.

What are the advantages of CRDI?
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Learning Objectives {%}@

o To learn the maintenance procedures to extend the life of vehicles.

o To learn about various maintenance techniques.

e To learn how a vehicle driver maintains the vehicle.

o To learn about the usage vehicle log book, road test form preparation and

vehicle servicing.

10.0 INTRODUCTION
All the parts of vehicles are to be

maintained periodically by regular inspection.
The aim of preventive maintenance is to
ensure the safety and to reduce the vehicle

down time.

10.1 TYPES OF INSPECTION
(MAINTENANCE)

The following three types of sheets are

used during inspection

1. Pre Trip Inspection
2. Post Trip Inspection

3. Annual Inspection

10.1.1 Pre Trip Inspection

Daily maintenance are carried out on
daily basis. The pre trip inspection has to
be carried out by driver and conductor. The
main responsibility of driver is to do the pre-

trip inspection.

Sometimes if the vehicle is driven by
more than one driver, it is important that each

driver has to do the inspection during their trip.

The inspection has to be carried out

to ensure the safe inspection of the vehicle.
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If the vehicle is not in a good condition the

vehicle has to be removed from use.
10.1.2 Post Trip Inspection

The post inspection is carried out to
tind the fault in the end of each shift or day.
The driver and conductor can do the post trip
inspection. So that the fault in the vehicle is
verified before it came to the use for the next

day and down time also reduced.

The vehicle maintenance form to be
attached to the vehicle maintenance file and
the copy of the same has to be given to the
vehicle inspection person. The provision has
to be given to the mechanic for his signature

in this form.

All the drivers have to prepare and
submit a report about their vehicle at the end

of each day.

The vehicle inspection report should

have the following content

o It has to identify the vehicle
o All the defects to be listed

o Driver signature is necessary

The following parts of the vehicle have
to inspect during pre trip inspection and post

trip inspection.
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o Light and reflectors
o Brakes and parking brakes

e Mirrors

o Wind shield, wipers, washers
o Tyre, wheel, Rims
o Speedometer

e Doors

o Backup alarm

o  Wheel chair lifts
o Visual reviews

« Coupling devices

Shearing mechanism

The owner of the vehicle has to keep the
drive vehicle condition report / daily defect cards
in their vehicle. The driver has to give the details
about the fault at the end of the day.

10.1.3 Annual Inspection

At the time of fitness Certificate get from
the Road Transport Office. We take maintenance
of full Vehicle that means under chase and Engine

etc, are called Annual Inspection.

10.2 MAINTENANCE OF RECORD

10.2.1 Inspection Form/Road Test
Report

1. Road test report shows the condition of

vehicle before and after maintenance

2. The road test report will be written by
the road test inspector after the vehicle

maintenance.
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3. 'This report contains Vehicle registration
number, chassis number, TOB number and
date of test.

4. The following parameter has to be checked
» Front and rear brake caliber

Brake position

Wheel and bearing position

Pickup of the vehicle

Y V V VY

Mileage of the vehicle

The sample road test report is given

below.

10.3 LOGBOOK
The vehicle log books gives required

details about the vehicle to the mechanic for
the maintenance and it gives all the detail to
the vehicle owner. The log book contains the

following details.

Distance travel by the vehicle

Average fuel cost

Best and worst mileage details
Overall maintenance expense
Cost of vehicle operation

The problem of vehicle

YV V.V V V V V

Previous maintenance dates

The sample log book is shown below.

10.3.1 Trip Sheet

The trip sheet gives all the details from
the start to end of the trip. It contains the

following information’s.

« Trip starting Km and ending Km

o Trips starting time to Ending time
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Inspection Forms/Road Test Report

SI. No. Parameter to Check Before Work After Work

1. | Front Abnormal Sound

2. | Rear Abnormal Sound

3. | Front/Rear Suspension Sound
4. | Steering Sound

5. | Brake Caliber Sound

6. | Misfiring/Starting

7. | Stopping Problems

8. | Under Body Sound

9. |Door/Glasses Sound

10. | Brakes/Door/Wheel Sound
11. | Wheel Bearing Sound

12. | Drive shaft Sound

Vehicle Log Book
Vehicle Reg No :  Diesel Petrol Kms
Week Beginning :  Vehicle Name Driver Name
Day Start Mileage Finish Mileage Daily Total Signature
Monday
Tuesday
Wednesday
Thursday
Friday
Saturday
Sunday
Weekly
Total :
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Gas/Diesel and Engine Oil

D Odo Meter Fuel in Lit Product Cost of Fund
a uel in Litres ost of Fun
¥ Reading (Gas Diesel or Oil)

Monday
Tuesday
Wednesday
Thursday
Friday
Saturday
Sunday

Total Total

Comments

The sample trip sheet is given below.

Name & Address
of the Travels

Engaged by Trip No: Date:
Mr/Mrs: Driver Name
Vehicle No.
Closing Time : Rupees
Starting Time : Hire charges per km
Total Time : Driver Batta
Signature of the Customer Excess hours
Total
Advance Rs Driver Signature For Agency

9
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Vehicle Service Form

Vehicle Name : Vehicle Reg :
Date of Service : Mileage :
Unit Yes No Comments
Air Filter
Oil/Oil Filter Change
Check & adjust the belt
Check belt

Check and adjust power steering belt

Check spark plug gap

Distributor cap & rotor arm

Ignition leads

Check rear brake

@ Check front brake ®

Check and replace broken light bulb

Adjust hard brake

Check and clean battery connection

Check battery water level

Renew brake fluid 1 & necessary

Check type pressure

Check wiper blades

Check front and rear suspension

Charge differential oil

Grease wheel bearings

Grease steering
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Vehicle Repair Form
Vehicle Reg : Vehicl Mileage :
Driver Name : Date :

Discription of Repairs carried out

Reason for repair

Cost of Repairs :

Details of / Company who each carried out Repairs

Name: Phone :

Address :

were repairs checked before payments

Quality of Repairs

Poor Satisfactory Good Excellent

Signature:

Date:
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Vehicle Accident Report Form

Employer : Age: Sex :

Department Supervisor :

Date of Accident :

Nature of Injuries:

Cause of Accident:

Name & Address of Physician

If Hospitalized, Name & Address at Hospital

Action Taken

Remarks

Supervisor Date :
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Driver’s Inspection Report

Location/Department :
Date :
Vehicle Description, year : Male : Model :
Serial No. : Mileage :
ENGINE CONDITION INTERIOR EXTERIOR
I:l Oil Level I:l Guages/Warmings I:l Lights
I:l Colour Level I:l Wind Sheeld I:l Reflectors
I:l Belts I:l Suspensions
I:l Meter/Defrostes I:l Tyres
I:l Mirrors I:l Wheels/Rimers
I:l Steering I:l Battery
GENERAL CONDITIONS
® I:l Cab/Doors/Windows I:l Clutch I:l Exhaust ®
[ ] Body/Doors [ ] Service Brakes [ ] Brake
[ ] Oil Leak [ ] Parking Brake [ ] Air Filter
[ ] Grease Leak [ | Caution Triangle [ | Spare Tyre
[ ] Coolant Leak [ ] Emergency Brake [ | Dents
[ ] Sheet Belt [ ] Fire Extinguisher [ ] Other Coupling
I:l Seat Belt
Reporting Driver : Date :
Receiving Driver : Date :

Maintenance Action: I:l Repair Mode: I:l No Repair: I:l

Weeked work order / Purchase order No. :

Repaired by :

Location :

Workshop Remarks :
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= This management philosophy is
Lean manufacturing 8 p I

-~ "KNOW? derived mostly from the Toyota Production
E System (TPS) and identified as “lean” only
Lean manufacturing or lean pro- in the 1990s.

duction, often simply “lean’, is a systematic

method for waste minimization within a

manufacturing system without sacrificing faualty
productivity. Delivery times Costs
Lean also takes into account waste L s
created through overburden and waste cre-
LEAN Man-

1 X Takt Time Machi
ated through unevenness in workloads Pulfion | MANUFACTORY | Mechine
Working from the perspective of the client
who consumes a product or service, “value” HE ki Seanmand

roduction leveling) working
is any action or process that a customer | 5S (Continual improvementy  Kaizen ]
would be willing to pay for. [stability (Robustness - 1:3 & 3:1) |

Lean manufacturing makes obvious
what adds value, by reducing everything

else (which is not adding value).

10.4. TROUBLE SHOOTING

10.4.1 Cooling System

Oil Heating
Causes Remedy
1. Cooling water may be Insufficient Water to be filled in the radiator
2. Thermostat may not working To be replaced
3. Water pump may not working To be repaired or replaced
4. Valve timing may not proper Set proper timing
5. Blocks may be there in Radiator To be cleaned
6. Fan belt may cut To be replaced
7. Excess carbon may deposited To be removed
8. Blocks in the muffler To be removed
9. Exhaust pipe may be bend To be replaced
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Over cooling

a) Thermostat may be damaged To be replaced

b) Not working of temperature gauge To be replaced

10.4.2 Lubrication System

Sl. No. | Complaint | Causes Remedy
L. Oil a) Gasket damaged To be replaced
Leakage b) Spraying excess Excess oil to be removed
through drainage plug
2. Low Oil a) Oil level may be low Fill correct level
b) Blocks in the oil filter Replace the filter element
c) Relief valve springs tension may Change the defective
be low spring
d) Oil diluted oil may be thinned Change correct grade oil
® e) Oil gauge may be damaged To be replaced ®
3. Excessive | a) Damaging of Piston, piston rings, | To be replaced
oil con- cylinder liner
sumption b) Valve seat defective To be replaced
¢) Damaging of Valve stem To be replaced

d) Oil leakage To be change the gasket

e) Excess Oil level Maintain the oil level

t ing 1 iscosity oil e
) Using low viscosity oi Use correct viscosity oil

4. High oil a) Blocks in oil pipe To be removed the blocks

pressure b) pipe to be reload or clear

Damaged the pressure parts

¢) High viscosity ol To be change / rectity

Use correct viscosity oil
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10.4.3 PETROL ENGINE

Indicating and warning of rectification of engine parts

1. Speedo meter needle always shows zero

Causes Remedies

1. Speedo meter spindle shafts does not connected To be repaired
2. Driving key may be wear or broken To be changed
3. Driver gear may be wear To be changed
4. Speedo meter may be repaired To be changed
5. Speedo meter cable may be broken To be changed

2. Fuel gauge pointer always shows E

Causes Remedies

1. The wire of ignition switch to gauge or gauge to To be checked and rectified

tank unit may be disconnected

2. Does not earthing of tank unit To be earthed
® 3. The float may be punchered To be changed ®
ybep g
4. Gauge may be damaged To be changed

3. Fuel gauge pointer always shows F

Causes Remedies

1. Does not earthing of gauge casing To be proper earthed

2. The tank unit terminal may be earthed To be insulated

3. Float arm may be checked To be checked and rectified
4. Gauge may be damaged To be changed

5
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4. Starter motor rotates but engine not functioning
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6.

7.

Engine may be a problem

Exhaust system may be blocked

Causes Remedies

1. Ignition system may be a problem System to be checked and repaired
2. Un availability of petrol Petrol to be filled

3. Pipe line may be blocked The blocks to be rectified

4. Pump may be a problem To be repaired

5. Carburettor system may be a problem To be repaired

To be checked and rectified
To be checked and rectified

5. Engine does not start

Causes Remedies
1. Battery may be discharged Battery to be charged
2. Ignition timing may be changed To be changed
3. Ignition coil may be problem To be changed new one
® 4. Ignition switch may be problem To be changed new one
5. Disconnection of L.T / H.T wires Connection to be proper
6. Broken of spark plug Fixing of new spark plug
7. Excess deposit of carbon To be cleaned
8. Fuel pump problem To be checked and rectified
9. Blocking of carburetor parts Removing the blocks

10. Wearing of piston rings and cylinders

11. Blocking of exhaust system

To be changed new one

Removing the blocks

6. Engine does not run properly

3. The floating level of carburetor may be high

Causes Remedies
1. Fuel pump may be problem To be repaired
2. Excess heat of engine To analysis the reason and rectified

To be rectify the mechanism
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7. The Engine Acceleration increases the engine may be stopped

Causes

Remedies

1.

2.
3.
4.

Ignition system may be problem

Compression may be improper
Carburettor throat may be wear

Clutch and transmission problems

To be check all the system parts and

rectified

To be check and rectified

To be check and rectified

To identify and rectify the problem

8. The good condition of the engine speed is how affect the loss of vehicle

damaged
Propeller shaft may be wear

Difference’s system may be problem

Causes Remedies
1. The slippage of clutch To be check the reason and rectified
2. Gear box gears and shafts may be wear or Damaged parts to be changed

To be check and rectified
To be check and rectified

9. Accruing of misfire

Causes Remedies
1. Spark plug not working in any cylinder Cleaning / replacing of spark plug
2. Valve clearance not properly set Set proper clearance
3. Damaging of valves To be changed new one
4. Wearing of cam in cam shaft To be changed new one
5. Damaging of cylinder head gasket To be changed new one
10. Excess noise of engine
Causes Remedies
1. Valve and parts of valve mechanism may be Damaged parts to be replaced

N e

damaged / wear
Connecting rod damaged
Crank shaft damaged
Piston pin may be loose
Loosening of engine parts

Valve clearance not properly set

Engine transfer machine system may be not aligned

To be changed new one
To be rectified

To be check and tight
To be check and tight
Set proper clearance

Set proper alignment
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11. Back firing of engine

Causes Remedies

1. Ignition timing problem Ignition timing adjusted

2. Air fuel ratio not proper Air fuel ratio adjusted

3. Excess heat of engine To analyses the reason and rectify
4. Valves may not sit in valve seat Properly set the valve

5. Broken of distributor cup To be changed new one

12. Excess white smoke of engine

Causes Remedies
1. Cylinder head gasket damaged To be changed new one
2. Cylinder head may be loose To be check and tight

13. Excess blue smoke of engine

Causes Remedies
1. Mixing of lubricant oil with petrol is high To be mix proper ratio

@ 2. Damaging of piston rings To be changed To be re-bored @
3. Wearing of cylinder bore

14. Excess black smoke of engine

Causes Remedies

1. Excess petrol in fuel mixer To control the petrol level

2. Ignition system problem To be checked and rectified
3. Ignition timing problem Ignition timing adjusted

4. Wearing of jets in the carburettor To be rectified

5. Wearing of piston rings To be changed

6. Excess weight on the vehicle To remove the excess weight

2
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10.4.4 DIESEL ENGINE
1. Engine starting problem
Causes Remedies

1. Problem in the starting system
2. Starter motor may be damaged
3. Level of diesel may be low

4. Blocking in air cleaner

5. Blocking in diesel filter

6. Diesel pump may be repaired
7. EI.P may be damaged

8. Mixing of lubricating oil water in diesel

To be check and rectified

To be check and replaced
Maintaining the level of diesel
To be cleaned

To be cleaned

To be check and rectified

To be check and rectified

Lubricating oil water to be separated

2. High consumption of fuel

Causes

Remedies

1. Leakage may be in the fuel system
2. Blocking in the air cleaner
3. Valve clearance is not proper

4. Compression may be low in the engine

Leakage to be arrested
To be cleaned
Set proper alignment

Engine to be over hauled

10.4.5 FUEL SYSTEMS

1. High consumption of fuel

Causes

Remedies

1. Blocks in the air cleaner
2. Leakage in the fuel system

3. Driver unnecessarily pressing of accelerator

pedal
4. Excess fuel supply of carburettor
5. Excess size of jets

6. Wearing of needle works

To be cleaned
Leakage to be arrested

To avoid pressing of accelerator

pedal

To cut the excess fuel supply
To be changed

To be changed

3
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2. Engine starting of difficulties

Causes

Remedies

1. Blocks in the carburettor jets
2. Chock valve not closed properly
3. Blocks in the fuel filter

4. Fuel pump pressure may be low

To be cleaned by pressurized air
To be properly closed
To be cleaned

To check the pressure and rectify

3. Idling is very low

5. Blocks in the air cleaner

Causes Remedies

1. Idling adjustment is very low Properly adjusted
2. Float adjustment is not proper Properly adjusted
3. Carburettor is not fixing proper Properly fixed

4. Loosing of carburettor jets To be tight

To be cleaned

4. Low engine break power

Causes

Remedies

1. Developing lean mixture in carburettor
2. Blocks in the jets
3. Gasket damaged

4. Blocks in the fuel filter

To be tune up
To be cleaned by pressurized air
To be changed

To be cleaned

5. Pumps problem To be check and rectify
5. Problems during engine operation
Causes Remedies

1. Blocks in the fuel filter
2. Pumps problem
3. Accelerator’s pump is not properly adjusted

4. Puncher of pump diaphragm

To be cleaned

To be check and rectify
Adjusted properly

To be change the diaphragm

"
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10.5 ENGINE TUNE UP

It is a process of inspecting, servicing
and replacing the important components of
engines like carburettor, spark plug, timing
gears, fan belt etc. based on their condition.
This will help to improve the performance

and reduce the maintenance cost.

10.5.1 ENGINE TUNING
PROCEDURE

1. Start the engine with loose condition of
spark plug and remove the carbon powder
and moisture. Then switch of the engine

and remove the spark plug.
2. Checking of engine compression ratio

3. If engine’s compression ratio is low
then engine is over hauled and rectify
the problems. After rectification of

compression ratio, spark plug to be fixed.

@ 4. To remove and cleaning of distributor cap.
Then check the wearing of cap and wire. If

wearing is more then change the new one.

5. To check the distributor’s rotor condition.

If damaged, change the new one.

6. To check the H.T. wires of distributor.
If any damage in that wire, should be

replaced.

7. To check the main mechanism of
distributor.

8. To check the vacuum mechanism.

9. To check and cleaned the C.B. points, then
set the proper gap. If C.B. point damaged
then it should be replaced.

10. Again fix the distributor gap and connect

the wires properly.

11. To check the battery and maintain the

distilled water level.
5

‘ ‘ AM_Unit_10.indd 216 @

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

27.

To check the battery wires and rectify the

problems.

To check the dynamo / alternator when

battery is low power.

To check the engine belt conditions. If
damaged change the fan belt.

To check the engine valve clearance and set
properly.
To tight the inlet manifold’s bolts when

leakages occurs.

To check the leakages, tightness and

straightness of fuel pipe lines.

To check the leakages in the cooling system
and hose pipes. If coolant level is low then

maintain the level

To check the accelerator connection of and

adjust the connection.
To check the crankcase ventilation system.

To check the quality of engine
lubrication oil and if required, change the

lubrication oil.

To remove and cleaned the carburetor
and air cleaner. If required change the air

cleaner and to check the chock valves.

To check the ignition timings and if

required set properly.

To check the carburettor’s idle speed
adjusting screw and if required adjust the

same.

To check the light and horn. Head light to
be adjusted properly.

To check the steering system’s smoothness

and freeness. If required rectify the system.

To check the wear, excess movement and
tightness of suspension system and shock

absorber system.
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28. To check the wear and tightness of front

wheel, ball joints and bearings.

29. To check the lubricated parts and lubricate
the same.

30. The same way the starting motor, ignition
coil, condenser, tyre pressure and

condition of break and etc., to be check.

Glossary

®
®

é—% References
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Choose the correct answer:

1)

2)

3)

4)

5)
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What is the name of the book? Which
consists of all vehicle types of vehicle
management?

a) Vehicle
b) R.C.Book
c) Trip sheet Book

Which sheet is give all details of the
vehicle from the start to end of the trip?

a) Maintenance sheet
b) Trip sheet
¢) Record sheet

How many types of vehicle maintenance
system followed?

a) 2

b) 3

c) 4

What is the reason for engine over
heating?

a) low level water in the radiator
b) low level of fuel
c) carburetor not functioning in well

Whatis the procedure for engine running
in good condition? While change the
worn parts of the engine?

a) engine tune-up
b) engine checkup
c) vehicle inspection

5
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Answer the following questions:

1)

2)

3)

4)

5)
6)

7)

8)

9)

10)

What are the types of inspection

methods followed in vehicle
maintenance?
What are the types of inspection

maintenance? Explain any one type.

Explain how the vehicle maintenance
record are maintained?

Show with neat tabular column how
the vehicle road test report prepared.

What is meant by trip sheet?
Explain vehicle log book.

Give short notes above vehicle service
form.

Write short note above vehicle report
form.

Write short about vehicle

accident.

notes

Give short notes ab.
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Case Studies - Sankar

Name

Father Name
Mother Name

Education
Qualification

Occupation

Name of Company :

Address

E-mail

Monthly salary

Dear Friends,

Sankar S/o Anbazhagan
2-15-7 Osechou, Hitachi,
Japan-3170076

A. Anbazhagan

A. Alamelu

Bachelor of Mechanical Engineer
CAD/CAM Engineer

Mitsubishi Hitachi Power System,
Deputation by R-Tchno Japan.

1-1 Saiwai-cho, 3-Chome, Hitachi,
Ibaraki, Japan - 3178585

anbazhagansankar@mhps.com

Rs 2,00,000

I would like to share my life’s changeover by selecting auto mechanic group in my higher

secondary school. I was an average student in my primary and secondary school, as I could not

decide my higher secondary education course. At that time I met my Teacher, Mr. Sathiamoorthi,

sir He advised me to select auto mechanic group. Auto mechanic lessons which have taught by

Mr. Sathiamoorthi sir impressed me to learn more and depth and got excellent marks in public

examinations.

Again I was guided by Mr. Sathiamoorthy sir, to select the mechanical engineering in my

bachelor degree and graduated with first class as a mechanical engineer. After completed my

B.E., I worked and developed as an Engineer at a private Auto mobile manufacturing company

for three years
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Japanese people respect Indians for their individuality especially they recognize Tamil
people’s intelligence. It is great opportunity to work with Japanese people, where we can learn
their dedication on work and advanced technology. At the same time they accept our individual

talents and opinions.

The Auto mechanic course guided me to select Mechanical engineering, which changed
economic level in my life. That helped me to review my social vision and knowledge even to
contribute for social welfare activities. I will seed that Education can make all the changes and

improvements in life.

I am eternally grateful from the bottom of my heart to Mr. Sathiamoorthi Sir, for his guid-

ance and support to select Auto mechanic group.

k- Gele

A.Sankar
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Case Studies - Barathan

o

Name : T. Barathan B.E., M.Tech,
Father’s Name : Mr. S. Thirunavukkarasu
DOB : 03 May 1989
Address : No: 7/3, Durairaj Street,

Devaraj Nagar, Saligramam,

Chennai-93.
Working Place : Agni college of Technology (3.36 L/Annum)
Annual Salary : Rs 3,36,000

® Dear Friends, ®

I feel greatly elated to write about my fortune “The General Cariappa Higher Secondary

School”, Saligramam Chennai.

Cariappa School is not just one among the best schools in Chennai, but this School is
much more. Trust me! This school will turn your life completely around. I did my vocational
course in Automobile Engg. during the year 2004-2006. I was totally surprised to see the profes-
sionalism and the enthusiasm of the teachers in molding the students and shaping their future in

the better possible way.

Every day during the school anthem I was strongly driven to succeed in life. I still remem-

ber the anthem and would love to quote it again.

“This is my school
I am proud of my school
My school is proud of me
I will bring laurels to my school”

One day the drive to make my school proud burst out as tears, when I was declared state

rank in my 12th standard public examination. Thanks is always a thanks even if it is belatedly-said.
5
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I take this opportunity to thank my teachers, headmaster, School management, Friends and Fam-

ily for helping me to reach the heights

After completing my schooling I joined Thanthai Periyar Govt. institute of technology,
Vellore for my bachelor’s degree in Mechanical Engineering in the year 2006. A special thanks to
MPL FORD CARS PRIVATE LTD, Chennai for sponsoring my higher studies.

After completion I worked with top MNC’S in different Fields of engineering. The blazing
spirit of learning which I acquired from my school made me to pursue my post graduation in
Central institute of Plastics Engineering and Technology, Chennai. I was lucky to get a placement

on campus drive at CIPET at a manufacturing company.

Even though I worked with Different companies at various positions I felt something was
empty in my life. To truly salute my teachers I took the teaching profession leaving all my other

opportunities.

e

(Barathan.T)
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Case Studies - Sivasubramanian

Dr. M.Sivasubramanian, M.E., Ph.D,

Associate Professor and Head

Department of Automobile Engineering
Kalasalingam Academy of Research and Education

I, Dr. M. Sivasubramanian, pursued my higher secondary vocational course “Auto Mechanic”
during the year 1993 to 1995 at T.V.S. Higher Secondary School in Madurai.

I have been fortunate to have Mr. R.S.Muralidharan as my Auto Mechanic teacher at TVS
Hr. Sec. School, Madurai. He encouraged the hidden talent and delivered the quality education in
the Automobile domain with the mission of spreading knowledge to the students with the learn-

ing disabilities was commendable .

® This domain knowledge gained in the automobile field through this course enabled me to ®
get an opportunity to pursue my Bachelor’s degree in Mechanical Engineering in 1999. Further
I have completed Master’s degree in Production Engineering in 2005. My interest in automobile
fields induced me to carryover my research work in Experimental heat transfer enhancement and
Computational Fluid Dynamics and I was awarded with Ph.D degree in Faculty of Mechanical

Engineering in the year 2015.

During my research career, published 11 international journals and attended many Inter-
national Conferences. With the interest and knowledge in automobile field helped me for invent-
ing many things related to automobile and mechanical engineering and as an outcome of this
I have registered 19 patents in India. One of the inventions is ‘Eco friendly hybrid electric car
with self electrical charging’ received a fund of 1lakh rupees from Innovation and Entrepreneur-
ship Development Centre, National Science & Technology Entrepreneurship Development Board
(NSTEDB) Department of Science & Technology, Govt. of India.

This Vocational education program “Auto Mechanic” made a real difference in my life.
This course created a spark for research, build self-confidence and leadership skills by allowing
me to expose my intra personal unique qualities and talents. I believe this course revealed a

proper tactic in my life and I hope this will help me in my future endowers also. I take this as a

9
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golden opportunity to motivate the young budding innovators, technocrats and many more who
elects this vocational education course I can say as their career tool to shape their future. I wish
that, youth prerequisites to be endowed and it can be done through virtuous vocational education

and training.

niversity,
Anand Nagar, Kristmantoil - 626 125
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Case Studies - Jayappriyan

Mr. R.M. Jayappriyan, M.E.,

Junior Research Fellow

Department of Printing Technology,

College of Engineering Guindy, Anna University.

I, R.M. Jayappriyan, aspired to become an Engineer following the footsteps of my father. I
enrolled myself in Vocational stream after my secondary education to fulfil my Engineering dream.
To narrow down my Engineering dream I made myself in “Auto Mechanic” course during the year
2007 to 2009 at Neelambal Subramaniam Higher Secondary School, Salem. I had great exposure to
theoretically and practical in this course. I was able to perform well in my studies with guidance of my
teachers and I made a good score in the Public Examination which helped me in getting into a reputed
Engineering college. I got State First in Auto Mechanic Subject during the year 2009. I completed my
Bachelor’s Degree in the discipline Production Engineering from Government College of Technology,
Coimbatore during the year 2009 - 2013. After my Graduation, I did my Post-Graduation in Packag-
ing Technology at Anna University, Chennai. I excelled as a Topper of the batch and awarded 1% rank
holder and Gold Medallist for the period 2013 - 2015.

I started my Career as Production and Maintenance Engineer in a Label Manufacturing Com-
pany, where I used all my knowledge that I got from my Plus Two to Post Graduation. I loved playing
the role of Maintenance Engineer in which I had more challenging and great learning environment.
Then I found myself to be more interested in learning new things day by day which made to join as
Junior Research Fellow at Anna University. I became a Researcher in the department where I studied
my Post-Graduation.

I was appointed as Junior Research Fellow for a Project that is supported by the Ministry of Sci-
ence, Government of India. As a part of the research work,I have presented three national conference
and published a paper in a National Journal.

I still remember that I stood Unique in my under Graduate because of my skills in
Automobile. At request of my classmates, I took them a class on “Transmission System” of an
Automobile Vehicle for an hour. The knowledge with I acquired from the vocational course makes
me Technically Sound. The course really impacting knowledge to the Students to the level of
Diploma Education. I take the privilege to say that vocational Education system provides a right guid-
ance and a right route to become Engineers, Entrepreneurs, Scientist and many other Professionals.
I wish all the Vocational Students to attain great height of Success in their lives.

=

Jayappriyan RM

‘ ‘ AM_Unit_BM.indd 225 @ 31-01-2019 18:33:53‘ ‘



‘ _:D:D wvwv.tnsch%olbooks.in E_:D:. ‘

il
Model Question Paper
@
Marks -Allocation
Auto Mechanic 1* Year - Vocational Theory
Total Marks - 90
Internal Assessment Mark - 10

Total Mark - 100

Part - A Choose the Best Answer 1 x 15 = 15 marks
Part - B Answers the Following Ten Question 3 x 10 = 30 marks
Part - C  Answer the Following 5 Question 5x5 =25 marks
Part - D  Answer the following 2 Questions 2 x 10 = 20 marks

Total 90 marks

Internal Assessment 10 marks
® Total 100 marks ®
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Auto Mechanic 1st Year — Vocational Theory
Model Question Paper
Total Marks: 90

Part - A

Choose the correct Answer

Answer all the Questions

1.

‘ ‘ AM_Unit_BM.indd 227

What is the abbreviation of ABS ?
a) Anti Log braking system

b) Anti Brake System

c) Air Brake System

Which principle is used in the hydraulic Jack?
a) Pascal Law

b) Newton Law

c) Lever Principle

Honing Machine is used to

a) To drill the cylinder

b) To enlarge the hole in cylinder

c) To finish the cylinder bore accurately

What type of liquid fuel used in Automobile Engine
a) Mineral Oil

b) Vegetable Oil

¢) Animal Oil

Crank throw is

a) The distance between TDC & BDC
b) Half of the stroke length

c) Double time of the Stroke Length

Which material is used for manufacturing cylinder block?
a) Gray cast iron or aluminum alloy

b) Castiron or steel

¢) Brass or steel

Connecting Rod is used to

a) To connect Crank shaft and cylinder head
b) To connect crank shaft and piston

c) To connect crank shaft and cylinder block

15x1=15

Which is used to prevent leakage between cylindet and cylinder head

a) Gasket
b) Oil seal
¢) Dust cover

5
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9.  Which liner is directly contact with cooling water
a) Dry linner
b) Wet liner
¢) None

10. Which is used to open the value in Engine?
a) Crank shaft
b) Cam shaft
c) Fly Wheel
11. Which Chemical is used to prevent freezing of cooling water?
a) Ethyl glyed
b) Acetone
¢) Methane

12. Which Value is located in Radiator Pressure cap?
a) Pressure valve
b) Thermostat valve
¢) Pressure and vacuum valve

13. In Internal combustion Engines how many types of fuel supply system.
a) Two
b) Three
¢) Four

14. How many types of Air entering system in a carburetor
a) Two
b) Three
¢) Four

15. what is the Reason for engine overheating
a) Low level water in the radiator
b) Low level of fuel
¢) Carburetor not function well

Part - B

Answer any ten questions 3x10=30
Note : Question No 25 is Compelsury

16. Define Safety Precaution

17. Define First-Aid?

18. What are the Simple hand tools?
19. What are the types of hammers?
20. What is meant by volt meter?

21. Define fuels.
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22.
23.
24.
25.
26.
27.

Who is invented petrol Engine?
What is meant by muftler?

What is meant by Thermostat valve?
What is meant by S.A.E?

What is meant by volatility?

What is meant by Trip — Sheet?

Part - C

Answer the Any Five questions 5x5=25
Note : Question No 30 is Compulsory

28.
29.
30.
31.
32.

33,
® 34,

Explain any five safety precautions on the tools.

Mention any Five Sizes of Box spanner.

Write any five properties of petrol.

Mention any five types of Ring Spanners.

State any five method to control the expansion of piston due to overheat.

Name the types of Radiator.

What is meant by M.P.EI and name the types? @

Part-D

Answer all Questions 2x2=20

35.

36.
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Explain about R.P.M Gauge?

(or)
Describe History of Automobile.

Draw a neat sketch of overhead puppet valve mechanism and Explain the same.
(or)

What is common Rail Diesel injection System and Explain.
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Richard Van Basshuysen and Fred Schafer (Editors) SAE International USA and Siemes
VDO Automotive, Germany, 2002.

Unit -9 Fuel Supply System

1. Ganesan V. Internal Combustion Engines, Third Edition, Tata McGraw - Hill, 2007.

2. Mathur, M.L,, and Sharma, R.P,, A Course in Internal Combustion Engines, Dhanpat Rai
Publications Pvt. New Delhi - 2, 1993.

3. Heinz Heisler, Advanced Engine Techology, Butterworth Heinmann Publishers, Second
Edition, 2002.

Unit - 10 Engine Faults and Remedies
1. Rajput R.K. Internal Combustion Engines, Laxmi Publications (P) Ltd, 2006.
2. Ganesan V. Internal Combustion Engines, Third Edition, Tata McGraw - Hill, 2007.
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EXERCISE

VERNIER CALIPER

-----------------------------------------------------------------------------------------------------------------------------------------------------

Aim
To find the outside diameter, inside diameter and depth of a given object accurately by using
vernier caliper.

Equipments Required
Vernier caliper

Parts
Beam

Fixed jaw for External Measurement
Fixed jaw for Internal Measurement
Movable jaw for External Measurement
Movable jaw for Internal Measurement
Main Scale

Blade for depth measurement

Adjusting finger grip

Locking screw
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Beam
Beam is the basic part of the verniercaliper. Main scale is graduated on beam. Each graduation
in main scale equals to Imm. Every tenth graduation line is marked as bold and big.

Fixed jaw for External or Internal measurement
Fixed jaw is located left side top and bottom of the beam. These two jaws are attached with
beam. Vernier unit is moving on the backside of the beam.

Movable jaw for External or Internal measurement
Both movable jaws are moving together during measurement. Main scale is graduated in
between the movable and fixed jaw.

Vernier scale moves along with movable jaw in right side. By this movement we can
able to measure as required. Vernier unit is locked by locking screw after measuring. To give
more accurate measurement a fine adjusting screw is also provided.

Least Count
The least measurement that can be measured with an instrument is called least count. The
least count is the difference between main scale division and vernier scale division.

Least count = Main scale division — Vernier scale division

Note
Let Main scale division = lmm
Vernier scale division =9/ 10=0.9mm
Then Least count =1-0.9
=0.1 mm
Material

Verniercaliper is manufactured with nickel chromium steel.

Depth bar
It is located on the backside bottom of the main scale. It is used to measure the depth of an
object.

Procedure for Measurement
® Take the measurement in the main scale

® In vernier scale, note down the line which coincides with main scale.

® Now multiply least count with vernier scale measurement. This gives the vernier scale
reading.

® Add main scale reading and vernier scale reading. This is the required measurement.
)
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Vernier Caliper

Main Scale

0 1 0 1 0 1
NERRNENRRERR Lorrrrrninly Lerrrerninnnl
5 WENERERF IRRPTT T 111 LI T 11 11 1
0 5 10| 0 5) 10 0 o) 10

(a) No error (b) +ve error

(c) - ve error

Vernier Scale

0 1 2 3 4
|||||I|||||||||I|||||||||||II|| |!||||I 111

0

(d) Vernier reading

A model reading
MSR = 2.3 cm ; VSC = 4 divisions;
Reading = [2.3 cm+(4x0.01cm)] = 2.34 cm

Zero error
When both jaws closed together, Zero error occurs when zero on the main scale coincides
with the zero on the veriner scale.

Positive error
When both jaws closed together, the vernier scale zero is more than the zero on the main scale.

Negative error
When both jaws closed together, the vernier scale zero is less than the zero on the main scale.

If the error occurs, add or subtract from the measurement appropriately.

a) Outside Diameter

AM_English_Practicals.indd 238

Fix the given object in between the fixed jaw and movable jaw for external
measurements.

Using the adjusting screw, adjust and lock the locking screw.

Now take the external measurement of the object.
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S.No Description Measurement
1 Main Scale Reading (MSR) = ———— mm
2 Vernier scale Reading (VSR) | ———— mm
3 Error (Positive/Negative) = ————- mm
Final measurement | ~ -———— mm

b) Inside Diameter

® Fix the given object in between the fixed jaw and movable jaw for internal
measurement.
® Using fine adjusting screw, adjust and lock the locking screw.
® Now take the internal measurement of the object.
S.No Description Measurement
1 Main Scale Reading (MSR) | ———— mm
2 Vernier scale Reading (VSR) | ———— mm
3 Error (Positive/Negative) | ———— mm
Final measurement | ~ -———- mm
c¢) Depth
® Take the depth measurement using bar given backside of the main scale in the
verniercaliper.
® Adjust the length of bar by moving the movable jaw of a verniercaliper. Adjust
and lock the locking screw.
® Now take the depth measurement of the object.
S.No Description Measurement
1 Main Scale Reading(MSR) | ———— mm
2 Vernier scale Reading (VSR) | ———— mm
3 Error (Positive/Negative) | ———— mm
Final measurement | ~ -———- mm
Conclusion

Measurements are taken accurately and tabulated.
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C

EXERCISE

MICROMETER

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Aim
To find the external diameter of the object accurately by using outside micrometer.

Required Instrument
Micrometer

Parts

e U frame

® Anvil

® Spindle

® Lock nut

® Barrel (or) sleeve

® Major scale

® Minor scale

® Thimble

® Ratchet (or) Ratchet screw
o

Knurled grip

Various Sizes of Micrometer
Outside micrometers are available in the following sizes.
1. 0to25 mm
2. 25t050 mm
3. 50 to 75 mm
4. 75to 100 mm & above
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Description

Bolt and Nut principle is used in micrometer. Both the major scale reading and minor scale
reading are on the barrel. One division in major scale equals to Imm and 0.5 mm in minor
scale. Major scale is marked above the datum line and minor scale is marked below the datum
line. Thimble is divided into 50 equal parts and graduated on circumference. One division of
thimble is 0.01 mm.

One division on major scale =1 mm
One division on minor scale =0.5mm
0.5
One division on Thimble :E =0.01 mm

Anvil and Spindle ends are fitted with Carbidge tips.

If anvil and spindle are closed together, then thimble and the indexed line should
coincide with ‘0. When there is no error, this is called as zero error. Before taking the
measurements, ensure that there is any error in the micrometer. Positive and Negative errors
are adjusted by adding and subtracting with the measurements taken.

Micro meter

5/

10

AT
[T

\ 0 0
(a) No error (b) +ve error
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Pitch Scale
—0 i ———45
—E 95 m]]_l-[f_ 40
— 0 —
~ S

*
(c) - ve error (d) Micro meter reading

* A model reading
PSR = 6 mm ; HSC=40 divsions;
Reading = [6mm+(40x0.01mm)]=6.40mm

Large Micrometer
® We can measure up to 25mm using 0-25 mm micrometer. Suitable size of extended
anvil can be attached for measuring larger size.

Measuring Methods
1. Select correct size micrometer

2. Place the measuring object in between anvil and spindle.

3. Tight the thimble using ratchet stop.

4. Note down the main scale division reading.

5. Note down the sub scale division reading.

6. Note down the thimble reading. It is multiplied by least count.

7. Finally add all the measurement.

S.No Explanation Reading

1 Major scale division | = ————— mm

2 Minor scale division = ————- mm

3. Thimble reading = -——— mm

4 Etror | @ - mm

Measurement | ~ ——— mm

Conclusion

Outside diameter is measured accurately using micrometer and the measurements are

tabulated.
)
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EXERCISE

DECARBONISING

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Aim
To remove the carbon settled on cylinder block, cylinder head and piston head in the engine
block.

Equipment Required

An engine.
Tools Required
1. Double End Spanner set,
2. Wooden Mallet,
3. Screw driver,
4. Scrapper,
5. Drilling machine,

6. Wire brush.

Materials Required

1. Cotton waste,
2. Kerosene,

3. Emery sheet,
4. Fine cloth,

5. Compressed air.
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VALVE DOOR
COVER
b

CYLINDER HEAD

ENGINE BLOCK

CRANK CASE

CAM SHAFT
BEARING

CRANK SHAFT
BEARING

Fig 1. Cylinder block - Line Diagram

Reasons for Decarbonising
1. Black smoke exits through silencer.
2. Pre Ignition

3. More exhaust noise

4. Back firing

5. Due to depreciated piston ring the lubrication oil get burned and settled on the
combustion chamber
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Fig 2. Cylinder block - Before Decorbonising

Procedure for Dismantling
1. The following parts to be removed in order:

Fan belt

Dynamo

Fan

Water pump
Exhaust manifold
Air cleaner
Carburettor

Inlet manifold

O0000000O0

2. Lubrication oil needs to be drained completely, the oil pump and oil gallery tube to be
removed.

3. Ignition coil, distributor, petrol pump and oil pump to be removed.

4. After removing the valve door, Tappet Push rod, Rocker arm, Valve spring, Spark plug
or diesel injector will also be removed.

5. After all the parts are separated, cylinder head to be removed by wooden mallet and to
be kept in a clean place.

6. The Crank Shaft need to be moved to TDC and the carbon particles on the piston head
and to be removed by scrapper using clean cloth.

)
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Fig 3. Cylinder block - After Decorbonising

Precaution
When Cleaning one Cylinder piston close all other Cylinder by Cloth, otherwise the carbon
particles damage the other cylinder and Piston by the Carbon Particles.

Re - Assembling
After decarbonising process is finished, all the parts are assembled in the reverse manner of

the dismantling inorder

Note

During Assembly process use new Gasket for all Joints.

Conclusion
After Completing the decorbornising process all the parts are re — assembled
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EXERCISE

CARBURETTOR

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Aim
To remove the carburettor from a given engine repair service and refix.

Equipment Required

Engine

Tools Required
1. Double ended spanner

2. Screw driver
3. GO- NOGO Gauge
4. Magnitying glass-10x

Materials Requred
1. Soft cloth

2. Sufficient petrol
3. Low pressure air
4. Sprit senor paper

5. Fine brush
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AIR CORRECTION JET
AIR [ ACCELERATING PUMP NOZZLE
Ly : PIALOT JET
BI-STARTER AR HOLE FUEL
STARTER ACCELERATING
PETROL
JET

|

STARTER
LEVER EMULSION
TUBE
PLATE
SLOW
THROTTLE  ||[SPEED HOLRN
VALVE \'%
NORMAL SCREW
STARTING A\ RUNNING _Lm“q]
PASSAGE HOLE

Fig 1. Carburettor - Line Diagram

Fig 2. Carburettor

9
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Fig 3. Carburettor

Reasons For Dismantling
1. Air fuel mixture does not come to the engine from the carburettor.

2. Efficiency of the engine is less.
3. KMPL of the engine decreases.
4

. Starting trouble due to repair in the Accelerator Pump Circuit.

vt

Starting trouble of the engine
6. Sudden halt of the engine while running

7. Time lapse as recommended periodical inspection by the company.

Removal
1. After completing all precautionary steps the carburetor to be removed from the engine.

2. First drain plug need to be removed from the carburetor and the fuel need to becol-
lected in a vessel and to be kept in a safe place

3. Inlet connection need to be removed. Inlet joints to be kept closed using a clip if it is
flexible.

4. Air cleaner connection need to be disconnected.

5. Carburettor need to be removed from the Engine Inlet Manifold and to be kept in a
highly ventilated room.
=)
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Dismantling
1. Remove the Carburettor top lid with a proper tool.

2. Remove the hinge plate pin in the float chamber and place in a tray.

3. Float need to be taken out and cleaned and to be kept in a jar with weight over it and
immersed with spirit to see if there is any damage in the float.

4. Float need to be kept in the same position for some time. Place the sprit sensor paper
on the circumference of the float for checking the crack.

5. Check and replace the float with new one if there is any damage.

6. Starting circuit need to be removed with proper tools and lever, starting valve, washer
to be kept in a tray after removing separately.

7. Distributor passage to be removed with proper tools and its gasket to be removed and
to be kept in a tray separately.

8. Take the Main jet out.
9. Remove the valve in the outlet separately.
10. Idling speed adjusting Screw spring to be kept in a tray without damage to its tip.

11. Remove the Pilot jet adjusting screw using proper tools and keep in the tray. Check for
any damages without opening the throttle valve.

Servicing

1. Clean all the dismantled parts with petrol.
2. Wipe all the parts with fine cloth.

3. Clean the Small passages with fine brush.

4. Clean all the parts using low pressure air.

Inspection
1. Check the Carburettor for damages with magnifying glass

2. Replace with the new one if there is any crack or damage found
3. Check the Throttle valve for any damage.

4. Check the Main Jet with Go No Go gauge.
5

. Check the Idling adjusting Screw with needle. Reject and replace with a new spare if
not in good condition.

Re-Assembling
1. Assemble in the reverse process of dismantling in order.

2. While assembling gasket, replace the washer with new spares.

Conclusion
The given carburetor is examined, serviced and fixed in the engine.

2
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EXERCISE
OIL PUMP
Aim
To remove the oil pump from the given engine and reassemble the same after checking and
servicing.

Equipments Required
An Engine (any type)

Tools Required
1. Double End spanner set
2. Feeler gauge
3. Screw driver
4

Ring spanner set

<—— ADJUSTING SCREW
SPRING — BY PASS 2
L
BALL VALVE — 2
7z
7z
O ZR7 » DRIVE GEAR
Grrrd
OUTLET——) «—INLET
@) 7z, » DRIVEN GEAR
4

Fig 1. Gear type Oil Pump
=)
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Materials Required

1.
2.
3.
4.

5.

Waste Cotton
Kerosence

Degreaser

Lubricating Oil SAE 30
Emery sheet

Reasons for Dismantling

1.

Low oil pressure

2. Block in oil filter

3. Loose connection in suction of oil filter

4. Hole in Oil filter

5. Company recommended period of inspection and servicing lapses

Dismantling

1. Start and run the engine up to the working temperature reaches 70° C.

2. Stop the engine and drain the oil from the sump after some time.

3. Remove the connections of inlet and outlet of the oil pump.

4. After removing the distributor remove the oil pump from the crankcase.

5. Dismantle Driving gear, Driven gear and all other parts and clean them by degreaser
and kerosene.

Inspection

a) Gear Type Oil Pump

1. To check the damages of the gears and clean the surface by using emery sheet.

2. Check the gap between pump shafts and pump body. (Pump shaft to body

clearance).

3. Check the gap between drive Gear and Pump Shaft. (Drive gear to spindle

clearance).
4. Check the gap between Gear and Pump body (gear to body clearance).

5. Measure the gap between pump shaft guide to guide push clearances.

=
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OUTLET PUMP HOUSING INLET

—— —_

Fig 2. ROTOR type Oil Pump

b) Rotor Type Oil Pump
1. Check the gap between outer rotor body clearances.

2. Check the gap between pump shaft and rotor clearance.

Reassembling
® Reassemble the oil pump in the crankcase at the same time slowly rotate the camshaft
and tight the fixing bolt.

® If pressure relief value is located in the oil pump then clean and refit the cover, spring
and adjusting screw.

o After filling the oil sump with sufficient oil and start the engine. Check the oil pressure
by increasing the speed of engine slowly and compare the pressure with the recom-
mendation of the manufacturer.

® While fixing the oil pump in the crank case the camshaft is slowly rotated and fixing
bolt is screwed.
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® If pressure relief valve is joined with the pump cover, then spring, adjusting screws
need to be removed and cleaned and refitted in the correct manner.

o Start the engine after the oil sump is filled with lubricating oil. The pressure of the
lubricating oil is measured by pressure gauge by increasing the engine speed and
compared with recommended quantity by the company.

Precaution
® Compare the actual clearances with the recommended clearances by the manufacturer.
If it exceeds the limit, pumps will not be allowed to use.

® If the gear or rotor has any breakage or crack, the pump will be rejected and new one
should be replaced.

Conclusion
Fuel pump from the given engine is dismantled,examined and reassembledafter servicing.
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EXERCISE

Ac Mechanical Fuel Pump

Aim
To dismantle the AC Mechanical fuel pump, examine and assemble it after servicing

Equipment Required
Petrol Engine.

Tools Required
1 Screw driver

2. Double end spanner set
3. Copper wire
4. Scrapper

Fig 1. Mechanical Petrol Pump
=)

AM_English_Practicals.indd 256 @ 12/20/2019 5:50:03 PM



®

www.tnschoolbooks.in

Materials Required

1. Fine brush

2. Petrol
3. Cloth
4. Compressed air
Inlet
l DellveryVaIve
Rockerarm  syction —»Outlet

Valve

Camshaft
Diaphram

Diaphram
Spring

Eccentric

ull rod

Lever

Fig 2. Mechanical Petrol Pump - Line Diagram

Reasons for Dismantling

1. No fuel supply during starting
Petrol leakage in the lower chamber
Petrol leakage in the passage hole

Starting trouble in the engine

Company recommended period of inspection and servicing lapses

Dismantling

1. All the precautions must be followed before dismantling the pump filter, valveretainer,
rubber gasket, filter element which are located on the top of the pump will bekept in
a tray.

2. Mark the top chamber and bottom chamber to avoid wrong fitment before dismantling

the screws.
)
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3. While removing, the diaphragm may stick to the upper chamber. So required caution
to be taken.

4. Remove the Grub screw joining the Rocker arm and keep separately.

Inspection and Servicing
1. Check if the filter element is damaged

2. Check if the diaphragm is damaged and if so replace it with new one.
3. Check if the inlet valve and outlet valve in the valve retainer are working well.
4. All the removed particles are cleaned with petrol using brush.

5. Check if the spring and Valve seats are damaged and if so they are replaced by new
ones.

Reassembling
1. Fix the valve retainer in the right place and screw with bolt and nut.

2. By pressing the Diaphragm assemble rocker arm in the lower chamber
3. Tightly screw Rocker arm with bolt to avoid disconnection

4. Bring the holes on the Lower chamber, diaphragm and upper chamber in a straight
manner. Then, join them with screws.

Conclusion
The serviced petrol pump is tested for correct measurement and pressure of pumping petrol
and fixed in the engine.
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EXERCISE

SILENCER

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

EXERCISE 7

Aim
To dismantle, examine and refix the silencer after servicing.

Equipments Required
Any Vehicle

Tools Required
1. Double end spanner set

2. Screw driver
3. Hammer

4. Wooden Mallet
5

. Hack saw frame with blade

Materials required
1. Cotton waste

2. Kerosene long rod

3. Wire brush.

Reasons for Dismantling

1. Pulling power of the engine is reduced.
2. Starting trouble in the engine.

3. Exit of black smoke from the silencer
4. Back firing & Oil leakage

5. Noisy Engine
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EXHAUST GAS INLET
EXHAUST 7

@ OUTLET

EXHAUST PIPE

-

TAIL PIPE

@ SILENCER )DQ | >

EXHAUST SYSTEM

:\
'

INLET ——> — OUTLET

BN NN
NN

INLET —— — OUTLET

Remove the Mounting bolts and clamps of the silencer.
Remove the Bolts from Exhaust manifold and keep separately.
Remove the Exhaust pipe and silencer and keep separately.

Using wooden mallet, hammer the sides and up and down of the silencer to remove
the carbon particles which disturbs the flow.

Heat the Silencer well and allow it to cool for some time. Then, hammer it by mallet,
move the iron rod inside the silencer to remove carbon particles.

Use Rod or wire brush to remove carbon particles
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Note
If the silencer is attached with the catalytic convertor, then service the same after knowing

the type of convertor and its properties.
If the settling of carbon particles are high, then cut the silencer by Hack saw blade and welded
again after servicing.

EXHAUST EXHAUST CATALYTIC CONVERTER
MANIFOLD  PIPE RESONATOR
* SILENCER

CONTROL
VALVE

INTERMEDIATE PIPE

Silencer is assembled in the reverse process of dismantling the parts.

Silencer is fixed with new or serviced washer.

Silencer from the given Vehicle is serviced in the correct method and fixed.
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EXERCISE

PISTON ASSEMBLY

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Aim
To dismantle, Inspect, Service and Reassemble the Piston assembly of the engine.

Equipment Required
Any Engine

Tools Required
1. Double end Spanner
Ring Spanner Set

. Outside Caliper

. Feeler Gauge

. Steel drift
. Vernier Caliper

2.

3

4

5. Iron Hammer
6

7

8. Ring Compressor and

9. Ring Expander
Materials Required
1. Cotton Waste

2. Emery Sheet
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Fig 1. Piston and Connecting Rod Assembly - Line Diagram
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Reasons for Dismantling
1. RPM of the engine is decreased

BHP of the engine is decreased

Over Fuel Consumption

Reduced Compression Level in the3 cylinder
Outlet of Black Smoke through the Silencer
Consumption of Excess Lubrication Oil

Noisy Operation of the Engine

® N Uk WD

Company recommended period of inspection and servicing lapses

Fig 2. Piston and Connecting Rod Assembly

Dismantling
1. With all precautions dismantle the cylinder, Head, Crank case and keep the engine
stand.

2. Mark the number on the connecting rod big end by using number punch

3. With the help of spanner ,remove the nuts of connecting big end bearing with the con-
necting rod and take the piston assembly through cylinder head.

4. Check if the bearing is depreciated and if so reconditionor replace the new bearing

5. Remove other piston assembly and keep it on a tray.

=)
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6. Change the Piston Circlip if it is loose
7. Change Piston ring if it is depreciated

8. Use wooden mallet to fix piston assembly into the cylinder block

Fig 3. Piston and Connecting Rod Assembly

Assembling
Assemble in the reverse process of dismantling. Apply lubrication oil on the cylinder walls
before fixing piston assembly to cylinder block.

Conclusion
Assemble the piston assembly in the Engine after servicing.

Note
Can do the piston assembly in the class room and practical exam with the aviability of
different piston spares.
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EXERCISE

WATER PUMP

-----------------------------------------------------------------------------------------------------------------------------------------------------

Aim
To Dismantle, Inspect, Service and reassemble the water pump from an engine

Equipments Required
An engine

Tools Required
1. Double End spanner set

2. Puller
3. Drift punch

4., Hammer

Fig 1. Water Pump

=)
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Materials Required
1. Kerosene

2. Cloth

Reasons for Dismantling
1. Noise in the bearing

2. Over heat in the engine
3. Leakage of water in between Engine and water pump

4. Too loose or too tight fan belt affects water rotation

5. Time lapse as recommended by the company
Outlet
Pump 7
_ ~ Body f 2{
— >_ / |
i RELTRALE ISI}IIIPffHer
a
Il | N [ ﬁ@ Water seal

< Inlet

- |/ Bearing

Pulley Qilseal Spring

Fig 2. Water Pump - Line Diagram

Dismantling
1. Remove the rubber hose from radiator lower tank before removing the water pump

Remove the fan belt.

Remove the water in the upper part of water jacket after removing the fan.
Remove the dynamo.

Remove the water cooling pump assembly from the engine.

Remove the Fan belt pulley using correct tools from the water pump

-

N R

Remove the thermostat valve.
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Cleaning and Inspection
1. Clean the water pump parts by using degreaser after taking out of the engine

2. Remove the pump shaft slowly by using drift pin, copper hammer and wooden mallet.
3. Check the impeller is broken
4. Check if the pump shaft shake and replace it if the shake is more.

5. Change the bearing if it is too loose.

Precaution
Before fixing the water pump replace new water seal, oil seal and gasket.

Re-assembling
Assembling is the reverse process of dismantling in the correct order.

Conclusion
After dismantling, Inspecting and servicing the water pump is fixed in the given engine.
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DIESEL INJECTOR 1 0

To Dismantle, Inspect and reassemble the diesel injector from a given diesel engine.

Diesel Engine

Double end spanner set
Ring spanner set

Screw driver

Hammer
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Fig 2. Diesel Injector - Line Diagram

Reasons for Dismantling
1. Low engine speed.

2. Low pulling power of engine .
3. Diesel was not injected from injector
4. Uneven speed of the engine

5. Company recommended period of inspection and servicing lapses

Removal
1. Remove the diesel tube from injection pump

2. Remove leak off pipe from the injector
3. Remove injector from cylinder head using proper spanner.

4. Put the injector on the tray and keep it in a clean and air ventilated room.
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Dismantling and Cleaning
1. Remove the diesel injector spindle, spring, washer, adjusting screw from injector and
put on the tray.

2. Clean all the parts of injector using kerosene.

3. Again clean all the parts of injector using cloth.

4. Check any crack in the injector body and the nozzle.

5. If any crack is found change new injector.

6. Check any block in the inlet passage and leak off passage.

7. Check the bottom of the injector hole and also clean the carbon deposit.

Fig 3. Diesel Injector

Reassembling
Assemble is the reverse process of dismantling in the correct order.

Note

® After cleaning the diesel injector, again sent to the final inspection.

® The diesel injector is used after pressure test, spray test and leak off test are done.

Conclusion
After dismantling, inspecting and servicing fix the diesel injector in the engine.

5
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