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Name of the Course :

Automobile Engineering

Name of the unit

:

Vehicle Structure and Engines

Topic – Title

:

Vehicle construction (Chassis and Frame)

1.Aim and Objectives:
The anatomy of the automobile in general. To understand the basics of Automobile
Engineering, role of automobile industry in country growth and detailed study about the internal
combustions engines.
2. Pre-Test - MCQ type:
1. In which year was the first automobile built?
a) 1759

b) 1769

c) 1785

d) 1790

2. Sir Rudolf Diesel invented diesel engine in which year?
a) 1905

b) 1916

c) 1920

d) 1913

3. Ford started production of his model ‘T’ car with an initial run of how many vehicles
a) 15000

b) 6000

c) 2000

d) 20000

4. Two door and four door type automobiles are classified as
a) Sedan

b) Convertible c) Special purpose vehicles

d) Pick ups

5. First car arrived in India in which year
a) 1890

b) 1893

c) 1897

d) 1901

6. Which one of these is a Sports car?
a) Honda S2000

b) Mercedes-Benz S-Class

c) Audi A6

d) Porsche 911

7. What was the initial pricetag of ‘Tata Nano’ a city car by Tata Motors
a) Rs.1,50,000

b) Rs.1,00,000

c) Rs.2,50,000

d) Rs.2,00,000

8. Mercedes-Benz E Class is
a) A compact minivan

b) An estate car

c) An executive car

d) A compact executive car

9. Ford Falcon is an example of
a) Australian muscle car

b) American muscle car

c) Luxury vehicle

d) None of the mentioned

10. Which type of fuel used in trucks and busses
a) Petrol

b) LPG

c) CNG

d) Diesel

3. Prerequisites:
The basic knowledge about the existing two and four-wheeler basic specifications.
4. Theory Behind:
INTRODUCTION

An Automobile is a self-propelled vehicle which contains the power source for its
propulsion and is used for carrying passengers and goods on the ground, such as car, bus, trucks,
etc.

Types of Automobile
The automobiles are classified by the following ways,
1. On the Basis of Load


Heavy transport vehicle (HTV) or heavy motor vehicle (HMV),



Light transport vehicle (LTV), Light motor vehicle (LMV),

2. On the Basis of Wheels


Two-wheeler vehicle, for example: Scooter, motorcycle, scooty, etc.



Three-wheeler vehicle, for example: Autorickshaw,



Three-wheeler scooter for handicaps and tempo, etc.



Four-wheeler vehicle, for example: Car, jeep, trucks, buses, etc.



Six-wheeler vehicle, for example: Big trucks with two gear axles.

3. On the basis of Fuel Used


Petrol vehicle, e.g. motorcycle, scooter, cars, etc.



Diesel vehicle, e.g. trucks, buses, etc.



Electric vehicle which use battery to drive.



Steam vehicle, e.g. an engine which uses steam engine.



Gas vehicle, e.g. LPG and CNG vehicles, where LPG is liquefied

4. On the basis of body style


Sedan Hatchback car.



Coupe car Station wagon Convertible.



Van Special purpose vehicle, e.g. ambulance, milk van, etc.

5. On the basis of Transmission


Conventional vehicles with manual transmission, e.g. car with 5 gears.



Semi-automatic



Automatic: In automatic transmission, gears are not required to bechanged manually.

6. On the basis of Drive


Left hand drive



Right hand drive

7. On the basis of Driving Axle


Front wheel drive



Rear wheel drive



All wheel drives

8. Position of Engine


Engine in Front - Most of the vehicles have engine in the front. Example:most of the cars,



Engine in the Rear Side Very few vehicles have engine located in the rear.Example: Nano
car.

An automobile is made up of mainly two units, these are Chassis and Body.

“Frame” + “Base components” = “Chassis”
“Chassis” + “Body” = “Vehicle”
Body:
Body is the superstructure of the vehicle and it is bolted to the chassis.
Types;
 Car
 Truck
 Tractor
 Delivery van
 Jeep
 Bus, etc.,

Fundamental Concept

Understanding the motion of air around an object (often called a flow field)enables the
calculation of forces and moments acting on the object. In manyaerodynamics problems, the
forces of interest are the fundamental forces offlight: lift, drag, thrust, and weight. Of these, lift
and drag are aerodynamic forces, i.e.forces due to air flow over a solid body.
5.Applications / Simulation / Related Laboratory example
Applications of Ladder frame:
Heavy commercial vehicles such as trucks and buses mainly use the ladder frame
structure.Some light commercial vehicles like pickup trucks also use the ladder frame.
Applications of Tubular frame:
Some racing vehicles and All-Terrain vehicles use tubular frame design.
Applications of Monocoque:
Almost all high-performance cars use monocoque design.
6.MCQ- post-test
1. Which of these is not necessary for the description of an automobile
a) Type

b) Capacity

c) Colour

d) Model

2. Which of these is necessary for the description of an automobile
a) Make

b) Model

c) Capacity

d) All of the mentioned

3. A 4*2 drive vehicle implies that
a) It has 4*2=8 wheels
b) It has 2 auxiliary wheels and 4 drive wheels
c) It has 4 wheels out of which 2 are drive wheels
d) None of the mentioned
4. The transmission system transmits _________ from engine to wheels.
a) Speed

b) Power

c) Current

d) Pressure

5. Which of the following is not a part of the transmission system
a) Clutch

b) Axles

c) Wheels

d) Gear box

6. Which of these were or are used in automobiles to provide suspension.
a) Leaf springs

b) Coil springs

c) Torsion bars

d) All of the mentioned.

7. The loads supported by an automobile frame are
a) Weight of the body, passengers and cargo loads
b) Torque from engine and transmission

c) Sudden impacts from collisions
d) All of the mentioned
8. An automobile chassis does not include which one of the following parts
a) Shock absorbers

b) Steering system

c) Differential

d) Brakes

9. Which of these falls under LMV(Light Motor Vehicle) category based on capacity?
a) Motorbikes

b) Cars

c) Buses

d) Trains

10. Abbreviation HEVs stands for what
a) Highly Efficient Vehicles

b) Hybrid Electric Vehicles

c) Highly Economic Vehicles

d) Highly Engineered Vehicles

7.Conclusion


Recognized to identify and description of different components and system of automobile
and history of automobile.



Understood basics of automobile and studied the basics of frame body construction.



Understood about the various types of automobile vehicles.



The importance of automobile vehicles in various applications like commercial, domestic,
industrial applications etc.

8.References


Kirpal Singh, “Automobile Engineering”, Vol 1 & 2, Seventh Edition, Standard
Publishers, New Delhi, 15th Edition 2017.

9.Audio/ video - if any
https://www.youtube.com/watch?v=qfkTVYJIx8Q
10. Assignments


Draw the various types of chassis and frames of a vehicle and mention the parts.
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1.Aim and Objectives:
To understand the need of IC engines in a automobile system and its parts.
2. Pre-Test - MCQ type:
1. Which of the following isn’t a cylinder block part?
A. cylinder in which piston slides up and down
B. openings for valves
C. passages for flow of cooling water
D. carburettor
2. The engine is usually supported by the frame
A. Four or five
B. One or two
C. Three or four
D. One or two
3. which is the Indian manufacturers of trucks
A. ashok Leyland
B. Hyundai motors
C. premier automobiles
D. all of the above
4. the major assembly of motor vehicle is
A. chassis
B. body
C. above 1& 2
D. none of the above
5. Which of these falls under LMV (Light Motor Vehicle) category based on capacity?
a) Motorbikes
b) Cars
c) Buses

d) Trains
3. Prerequisites:
The basics about the importance of IC engine to be known.
4. Theory Behind:
Main components of reciprocating IC engines:
Cylinder: It is the main part of the engine inside which piston reciprocates to and fro. It should
have high strength to withstand high pressure above 50 bar and temperature above 2000 oC. The
ordinary engine is made of cast iron and heavy-duty engines are made of steel alloys or aluminum
alloys. In the multi-cylinder engine, the cylinders are cast in one block known as cylinder block.
Cylinder head: The top end of the cylinder is covered by cylinder head over which inlet and
exhaust valve, spark plug or injectors are mounted. A copper or asbestos gasket is provided
between the engine cylinder and cylinder head to make an air tight joint.
Piston: Transmit the force exerted by the burning of charge to the connecting rod. Usually made
of aluminium alloy which has good heat conducting property and greater strength at higher
temperature. Figure shows the different components of IC engine.

Piston rings: These are housed in the circumferential grooves provided on the outer surface of the
piston and made of steel alloys which retain elastic properties even at high temperature. 2 types of
rings- compression and oil rings. Compression ring is upper ring of the piston which provides air
tight seal to prevent leakage of the burnt gases into the lower portion. Oil ring is lower ring which
provides effective seal to prevent leakage of the oil into the engine cylinder.
Connecting rod: It converts reciprocating motion of the piston into circular motion of the crank
shaft, in the working stroke. The smaller end of the connecting rod is connected with the piston by

gudgeon pin and bigger end of the connecting rod is connected with the crank with crank pin. The
special steel alloys or aluminium alloys are used for the manufacture of connecting rod.
Crankshaft: It converts the reciprocating motion of the piston into the rotary motion with the help
of connecting rod. The special steel alloys are used for the manufacturing of the crankshaft. It
consists of eccentric portion called crank.
Crank case: It houses cylinder and crankshaft of the IC engine and also serves as sump for the
lubricating oil.
Flywheel: It is big wheel mounted on the crankshaft, whose function is to maintain its speed
constant. It is done by storing excess energy during the power stroke, which is returned during
other stroke.
Terminology used in IC engine:
1. Cylinder bore (D): The nominal inner diameter of the working cylinder.
2. Piston area (A): The area of circle of diameter equal to the cylinder bore.
3. Stroke (L): The nominal distance through which a working piston moves between two
successive reversals of its direction of motion.
4. Dead centre: The position of the working piston and the moving parts which are mechanically
connected to it at the moment when the direction of the piston motion is reversed (at either end
point of the stroke).
(a) Bottom dead centre (BDC): Dead centre when the piston is nearest to the crankshaft.
(b) Top dead centre (TDC): Dead centre when the position is farthest from the crankshaft.
Four stroke engine:
- Cycle of operation completed in four strokes of the piston or two revolution of the piston.
(i) Suction stroke (suction valve open, exhaust valve closed)-charge consisting of fresh air mixed
with the fuel is drawn into the cylinder due to the vacuum pressure created by the movement of
the piston from TDC to BDC.
(ii) Compression stroke (both valves closed)-fresh charge is compressed into clearance volume by
the return stroke of the piston and ignited by the spark for combustion. Hence pressure and
temperature is increased due to the combustion of fuel
(iii) Expansion stroke (both valves closed)-high pressure of the burnt gases force the piston
towards BDC and hence power is obtained at the crankshaft.
(iv) Exhaust stroke (exhaust valve open, suction valve closed)- burned gases expel out due to the
movement of piston from BDC to TDC.
Figure show the cycle of operation of four stroke engine.

Two stroke engine:
-No piston stroke for suction and exhaust operations
-Suction is accomplished by air compressed in crankcase or by a blower
-Induction of compressed air removes the products of combustion through exhaust ports
-Transfer port is there to supply the fresh charge into combustion chamber
Figure 3 represents operation of two stroke engine

Comparison of Four-stroke and two-stroke engine:
Four-stroke engine

Two-stroke engine

Four stroke of the piston and two revolution Two stroke of the piston and one revolution
of crankshaft

of crankshaft

One power stroke in every two revolution of One power stroke in each revolution of
crankshaft

crankshaft

Heavier flywheel due to non-uniform Lighter flywheel due to more uniform
turning movement

turning movement

Power produce is less

Theoretically power produce is twice than
the four stroke engine for same size

Heavy and bulky

Light and compact

Lesser cooling and lubrication requirements

Greater cooling and lubrication requirements

Lesser rate of wear and tear

Higher rate of wear and tear

Contains valve and valve mechanism

Contains ports arrangement

Higher initial cost

Cheaper initial cost

Volumetric efficiency is more due to greater Volumetric efficiency less due to lesser time
time of induction

of induction

Thermal efficiency is high and also part Thermal efficiency is low,

part load

load efficiency better

efficiency lesser

It is used where efficiency is important.

It is used where low cost, compactness and

Ex-cars, buses, trucks, tractors, industrial light weight are important.
engines, aero planes, power generation etc.

Ex-lawn mowers, scooters, motor cycles,
mopeds, propulsion ship etc.

Valve timing diagram:
The exact moment at which the inlet and outlet valve opens and closes with reference to the
position of the piston and crank shown diagrammatically is known as valve timing diagram. It is
expressed in terms of degree crank angle. The theoretical valve timing diagram is shown in Figure.
But actual valve timing diagram is different from theoretical due to two factors-mechanical and
dynamic factors. Figure shows the actual valve timing diagram for four stroke low speed or high
speed engine.

Opening and closing of inlet valve
-Inlet valve opens 12 to 30ᵒ CA before TDC to facilitate silent operation of the engine under high
speed. It increases the volumetric efficiency.
-Inlet valve closes 10-60ᵒ CA after TDC due to inertia movement of fresh charge into cylinder i.e.
ram effect. Figure represents the actual valve timing diagram for low and high speed engine.

Opening and closing of exhaust valve
Exhaust valve opens 25 to 55ᵒ CA before BDC to reduce the work required to expel out the burnt
gases from the cylinder. At the end of expansion stroke, the pressure inside the chamber is high,
hence work to expel out the gases increases.
Exhaust valve closes 10 to 30ᵒ CA after TDC to avoid the compression of burnt gases in next
cycle. Kinetic energy of the burnt gas can assist maximum exhausting of the gas. It also increases
the volumetric efficiency.
Note: For low and high speed engine, the lower and upper values are used respectively
Valve overlap
During this time both the intake and exhaust valves are open. The intake valve is opened before
the exhaust gases have completely left the cylinder, and their considerable velocity assists in
drawing in the fresh charge. Engine designers aim to close the exhaust valve just as the fresh
charge from the intake valve reaches it, to prevent either loss of fresh charge or unscavenged
exhaust gas.

Port timing diagram:
-Drawn for 2-stroke engine
-No valve arrangement
-3 ports- inlet, transfer and exhaust
Figure shows port timing diagram for 2-stroke engine

5.Applications / Simulation / Related Laboratory example
Gas Engines

Industrial Power

Diesel Engines

Automotive, Railways, Power, Marine

Gas Turbines

Power, Aircraft, Industrial, Marine

6.MCQ- post-test
1. In modern engines cylinder block and crank case forms a single casting because _________
a) reduces space consumption
b) rigid structure
c) wearing properties
d) can withstand high temperature
2. _______ are cast in crankcase to give extra strength and to support camshaft bearings.
a) rocker arm
b) oil filter
c) rims
d) manifolds
3. The pipe which connects the intake system to the inlet valve of the engine and through which
air or air-fuel mixture is drawn into the cylinder is known as _______
a) Spark Plug
b) Connecting Rod
c) Camshaft
d) Inlet Manifold
4. The end of the connecting rod which fits over the gudgeon pin is known as __________
connecting rod.
a) Small end
b) Big end
c) Piston
d) Cylinder block
5. What is the firing order of a four cylinder engines?
a) 1-3-4-2
b) 1-4-3-2

c) 1-2-3-4
d) 4-3-2-1
7.Conclusion
The study about the IC engine components gives the details about,
o The importance of the engine and its components in the automobile sector
o The individual functioning of engine parts.
8.References


Kirpal Singh, “Automobile Engineering”, Vol 1 & 2, Seventh Edition, Standard
Publishers, New Delhi, 15th Edition 2017.

9.Audio/ video - if any


https://www.youtube.com/watch?v=9NxzotpBJ98

10. Assignments


Draw the two stroke and four stroke diesel engine diagram and explain it with its
principles.



Differentiate petrol engine and diesel engine.
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1. Aim and Objectives:
Aim :- To be able to describle the operation of an injection system with an INTERNAL
COMBUSTION (IC) engine
Objective : Be able to describle the operation of an injection system within an INTERNAL
COMBUSTION (IC) .
 Identify how fuel and areas optimised within a fuel injection system.
 Be able to recognise a single point injection system and a multipoint injection system.
2. Pre-Test - MCQ type:


which type of draft is most commonly used in automobile carburetor ?

a) Down draft
b) Updraft
c) Horizontal draft
d) Inclined draft


One of the function of induction manifold in an engine is to

a) Atomize the fuel
b) Vaporize the fuel
c) Meter the fuel
d) Regulate the fuel


The petrol filter is connected to a fuel pipe

a) Between the fuel pump and carburetor
b) Between petrol tank and fuel pump
c) Between carburetor and cylinder

d) Between carburetor and crankcase


The element of fuel filter is made of

a) Porous cast iron
b) Aluminium
c) Brass
d) Pleated paper


The reason why the petrol flow from the floating chamber to the venture is because

a) Of the difference in the pressure
b) Of the difference in the level
c) The floating level is higher
d) The air sucks out the petrol
3. Prerequisites:
To be known about the basics of fuel injection system in a petrol and diesel engine.
4. Theory Behind:
The fuel feed system for the Spark ignition engines and Compression ignition engines are
clearly discussed below.
2.1. Fuel Injection system for SI engines;
2.1.1. Carburetion
Spark-ignition engines normally use volatile liquid fuels. Preparation of fuel-air mixture
isdone outside the engine cylinder and formation of a homogeneous mixture is normally
notcompleted in the inlet manifold. Fuel droplets, which remain in suspension, continue to
evaporateand mix with air even during suction and compression processes. The process of
mixture preparationis extremely important for spark-ignition engines. The purpose of carburetion
is to provide acombustible mixture of fuel and air in the required quantity and quality for
efficient operation of theengine under all conditions.
Definition of Carburetion;
The process of formation of a combustible fuel-air mixture by mixing the proper amount
offuel with air before admission to engine cylinder is called carburetion and the device which
does thisjob is called a carburetor.
Definition of Carburetor;

The carburetor is a device used for atomizing and vaporizing the fuel and mixing it with
theair in varying proportions to suit the changing operating conditions of vehicle engines.
Factors Affecting Carburetion
Of the various factors, the process of carburetion is influenced by
i. The engine speed
ii. The vaporization characteristics of the fuel
iii. The temperature of the incoming air and
iv. The design of the carburetor
Principle of Carburetion
Both air and gasoline are drawn through the carburetor and into the engine cylinders by
thesuction created by the downward movement of the piston. This suction is due to an increase in
thevolume of the cylinder and a consequent decrease in the gas pressure in this chamber.It is the
difference in pressure between the atmosphere and cylinder that causes the air toflow into the
chamber. In the carburetor, air passing into the combustion chamber picks updischarged from a
tube. This tube has a fine orifice called carburetor jet that is exposed to the airpath.The rate at
which fuel is discharged into the air depends on the pressure difference orpressure head between
the float chamber and the throat of the venturi and on the area of the outlet ofthe tube.
In order that the fuel drawn from the nozzle may be thoroughly atomized, the suction
effectmust be strong and the nozzle outlet comparatively small. In order to produce a strong
suction, thepipe in the carburetor carrying air to the engine is made to have a restriction. At this
restrictioncalled throat due to increase in velocity of flow, a suction effect is created. The
restriction is made inthe form of a venturi to minimize throttling losses.The end of the fuel jet is
located at the venturi or throat of the carburetor. The geometry ofventuri tube is as shown in
Fig.16.6. It has a narrower path at the center so that the flow area throughwhich the air must pass
is considerably reduced. As the same amount of air must pass through everypoint in the tube, its
velocity will be greatest at the narrowest point. The smaller the area, the greaterwill be the
velocity of the air, and thereby the suction is proportionately increasedAs mentioned earlier, the
opening of the fuel discharge jet is usually loped where the suctionis maximum. Normally, this is
just below the narrowest section of the venturi tube.
The spray ofgasoline from the nozzle and the air entering through the venturi tube are
mixed together in thisregion and a combustible mixture is formed which passes through the

intake manifold into thecylinders. Most of the fuel gets atomized and simultaneously a small part
will be vaporized.Increased air velocity at the throat of the venturi helps he rate of evaporation of
fuel. The difficultyof obtaining a mixture of sufficiently high fuel vapour-air ratio for efficient
starting of the engineand for uniform fuel-air ratio indifferent cylinders (in case of multi cylinder
engine) cannot be fullymet by the increased air velocity alone at the venturi throat.
2.1.2. The Simple Carburetor
Carburetors are highly complex. Let us first understand the working principle bf a simple
orelementary carburetor that provides an air fuel mixture for cruising or normal range at a
singlespeed. Later, other mechanisms to provide for the various special requirements like
starting, idling,
variable load and speed operation and acceleration will be included. Figure. shows the detailsof
asimple carburetor.The simple carburetor mainly consists of a float chamber, fuel discharge
nozzle and ametering orifice, a venturi, a throttle valve and a choke.
The float and a needle valve systemmaintain a constant level of gasoline in the float
chamber. If the amount of fuel in the float chamberfalls below the designed level, the float goes
down, thereby opening the fuel supply valve andadmitting fuel. When the designed level has
been reached, the float closes the fuel supply valve thusstopping additional fuel flow from the
supply system. Float chamber is vented either to theatmosphere or to the” upstream side of the
venturi.During suction stroke air is drawn through theventuri.As already described, venturi is a
tube of decreasing cross-section with a minimum area atthe throat, Venturi tube is also known as
the choke tube and is so shaped that it offers minimumresistance to the air flow.

As the air passes through the venturi the velocity increases reaching amaximum at the
venturi throat. Correspondingly, the pressure decreases reaching a minimum. Fromthe float
chamber, the fuel is fed to a discharge jet, the tip of which is located in the throat of theventuri.
Because of the differential pressure between the float chamber and the throat of the
venturi,known as carburetor depression, fuel is discharged into the air stream.
The fuel discharge is affected by the size of the discharge jet and it is chosen to give
therequired air-fuel ratio. The pressure at the throat at the fully open throttle condition lies
between 4 to5 cm of Hg, below atmospheric and seldom exceeds8 cm Hg below atmospheric. To
avoid overflowof fuel through the jet, the level of the liquid in the float chamber is maintained at
a level slightlybelow the tip of the discharge jet. This is called the tip of the nozzle. The
difference in the heightbetween the top of the nozzle and the float chamber level is marked h in
Figure.The gasoline engine is quantity governed, which means that when power output is to
bevaried at a particular speed, the amount of charge delivered to the cylinder is varied.
This is achievedby means of a throttle valve usually of the butterfly type that is situated
after the venturi tube.As the throttle is closed less air flows through the venturi tube and less is
the quantity of air-fuelmixture delivered to the cylinder and hence power output is reduced. As
the” throttle is opened,more air flows through the choke tube resulting in increased quantity of
mixture being delivered tothe engine. This increases the engine power output. A simple
carburetor of the type described abovesuffers from a fundamental drawback in that it provides
the required A/F ratio only at one throttleposition.At the other throttle positions the mixture is
either leaner or richer depending on whether thethrottle is opened less or more. As the throttle
opening is varied, the air flow varies and creates acertain pressure differential between the float
chamber and the venturi throat. The same pressuredifferential regulates the flow of fuel through
the nozzle. Therefore, the velocity of flow of air II andfuel vary in a similar manner.
The Choke and the Throttle
When the vehicle is kept stationary for a long period during cool winter seasons, may
beovernight, starting becomes more difficult. As already explained, at low cranking speeds and
intake
temperatures a very rich mixture is required to initiate combustion. Sometimes air-fuel ratio as
richas 9:1 is required. The main reason is that very large fraction of the fuel may remain as

liquidsuspended in air even in the cylinder. For initiating combustion, fuel-vapour and air in the
form of
mixture at a ratio that can sustain combustion is required.
It may be noted that at very low temperature vapour fraction of the fuel is also very
smalland this forms combustible mixture to initiate combustion. Hence, a very rich mixture must
besupplied. The most popular method of providing such mixture is by the use of choke valve.
Thisissimple butterfly valve located between the entrance to the carburetor and the venturi throat
as shownin Figure.When the choke is partly closed, large pressure drop occurs at the venturi
throat that wouldnormally result from the quantity of air passing through the venturi throat. The
very large depressionat the throat inducts large amount of fuel from the main nozzle and
provides a very rich mixture sothat the ratio of the evaporated fuel to air in the cylinder is within
the combustible limits.
Sometimes, the choke valves are spring loaded to ensure that large carburetor depression
andexcessive choking does not persist after the engine has started, and reached a desired
speed.This choke can be made to operate automatically by means of a thermostat so that the
chokeis closed when engine is cold and goes out of operation when engine warms up after
starting. Thespeed and the output of an engine is controlled by the use of the throttle valve,
which is located on
the downstream side of the venturi.The more the throttle is closed the greater is the obstruction to
the flow of the mixture placedin the passage and the less is the quantity of mixture delivered
tothe cylinders. The decreasedquantity of mixture gives a less powerful impulse to the pistons
and the output of the engine isreduced accordingly.
As the throttle is opened, the output of the engine increases. Opening thethrottle usually
increases the speed of the engine. But this is not always the case as the load on theengine is also
a factor. For example, opening the throttle when the motor vehicle is starting to climba hill may
or may not increase the vehicle speed, depending upon the steepness of the hill and theextent of
throttle opening. In short, the throttle is simply a means to regulate the output of the engineby
varying the quantity of charge going into the cylinder.
Compensating Devices
An automobile on road has to run on different loads and speeds. The road conditions play
avital role. Especially on city roads, one may be able to operate the vehicle between 25 to 60% of

thethrottle only. During such conditions the carburetor must be able to supply nearly constant
air-fuelratio mixture that is economical (16:1).However, the tendency of a simple carburetor is to
progressively richen the mixture as the throttle starts opening.The main metering system alone
will not be sufficient to take care of the needs of the engine.Therefore, certain compensating
devices are usually added in the carburetor along with the mainmetering system so as to supply a
mixture with the required air-fuel ratio. A number ofcompensating devices are in use. The
important ones are
i. Air-bleed jet
ii. Compensating jet
iii. Emulsion tube
iv. Back suction control mechanism
v. Auxiliary air valve
vi. Auxiliary air port

Air bleed principle in a typical carburetor

Compensating Jet device

Emulsion Tube

Acceleration pump system
Types of Carburetors
There are three general types of carburetors depending on the direction of flow of air. The
first is the up draught type shown in Fig.8(a) in which the air enters at the bottom and leaves at
the
top so that the direction of its flow is upwards. The disadvantage of the up draught carburetor is
thatit must lift the sprayed fuel droplet by air friction. Hence, it must be designed for relatively
smallmixing tube and throat so that even at low engine speeds the air velocity is sufficient to lift
and carrythe fuel particles along. Otherwise, the fuel droplets tend to separate out providing only
a leanmixture to the engine. On the other hand, the mixing tube is finite and small then it cannot
supplymixture to the engine at a sufficiently rapid rate at high speeds.

5. Applications / Simulation / Related Laboratory example


Power output Fuel efficiency Emissions performance Acceptable to alternative fuels
reliability Drivability and smooth operation Initial cost Maintenance cost Engine tuning.

6. MCQ- post-test


Air fuel ratio changes according to certain operating condition like

a) Speed only
b) Load only
c) Speed and load only
d) Speed ,load , temperature


The most widely used fuel supply system for car engine is the

a) Gravity system
b) Pressure system
c) Vacuum system
d) Pump system


Which of the following gives the correct flow path of petrol in an engine ?

a) Tank - filter -pump -carburetor - cylinder
b) Tank - pump- filter - -carburetor - cylinder
c) filter -Tank - pump -carburetor - cylinder
d) Pump -filter -tank - carburetor - cylinder


High fuel consumption is due to

a) Scale formation in the engine

b) Dynamo defective
c) External leakage of the fuel
d) High oil level


The function of diesel fuel supply system --------------------------

a) Injecting the fuel in to the engine cylinder
b) Supply the fuel to the carburetor
c) Supply the fuel to pump
d) None
7. Conclusion


Here conclude that, proper functioning of fuelinjector should be ensured for proper
functioningof engine. Though there are some disadvantages, Fuel Injection System are
used extensively thesedays.
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9. Audio/ video - if any
https://www.youtube.com/watch?v=AUlxP8-JLDU
10. Assignments


Differentiate the mono-point and multipoint fuel injection system with clear diagram.



Brief about the CRDI diesel engine fuel system.
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:

Electronic Ignition System

1. Aim and Objectives:
Aim : To study about different types of ignition system
Objective :
 Explain the different types of ignition systems.
 Differentiate between battery and Magneto ignition system.
 Know the drawbacks of conventional ignition system.
 Appreciate the importance of ignition timing and ignition advance.
2. Pre-Test - MCQ type:


Faraday’s law are followed by -----------------

a) Generator
b) Television
c) Heater
d) None


The Len’z law is applicable to ---------------

a) A.C generator
b) D.C generator
c) Both A&B
d) Electro magnetic


The spark is produced by ---------------

a) The battery
b) Electrodes
c) The spark plug
d) None


Engine misfiring is likely to result from -------------------------

a) Spark plug gap too small
b) Spark plug gap too wide
c) Vapour lock in the fuel only
d) Incorrect fuel air mixture


A spark plug will fall in its function due to the ----------------------------------

a) Plug fouled by engine oil entering the combustion chamber
b) Plug fouled by too rich mixture
c) Spark plug gap is incorrect
d) All
3. Prerequisites:


To know the basics about the importance of electronics system in fuel system.

4. Theory Behind:
Fuel Injection system for C I engines;
Fuel system components FUEL INJECTION PUMP - Fuel injection pump sucks fuel
fromthe tank, pressurizes the fuel to approx. 600 - 1000 bar and sends it to the injectors. Inline
FIP – Hasseparate pumping chambers for each cylinder Rotary FIP (Distributor pump) - Has one
pumpingchamber and the pump distributes to each cylinder as per sequence- firing order
INJECTORS -Inject the high-pressure fuel in to each cylinder. FUEL FILTER - Filters the fuel
from dirt &sediments, since the Fuel injection pump requires clean fuel.Injection system In the
C.I. engine the fuel is injected into the combustion chamber, it the hasto mix thoroughly with the
air, ignite and burn all at the same time.
Electronic Diesel Control
Electronic Diesel Control is a diesel engine fuel injection control system for the
precisemetering and delivery of fuel into the combustion chamber of modern diesel engines
usedin trucks and cars.

The mechanical fly-weight governors of inline and distributor diesel fuelinjection pumps
used to control fuel delivery under a variety of engine loads and conditions could nolonger deal
with

the

ever-increasing

demands

for

efficiency,

emission

control,

power

and

fuelconsumption.These demands are now primarily fulfilled by the Electronic Control, the
system whichprovides greater ability for precise measuring, data processing, operating
environment flexibility andanalysis to ensure efficient diesel engine operation. The EDC replaces
the mechanical controlgovernor with an electro-magnetic control device.
Components in Electronically controlled Diesel Supply;
The EDC is divided into these main groups of components.


Electronic sensors for registering operating conditions and changes. A wide arrayof
physical inputs is converted into electrical signal outputs.



Actuators or solenoids which convert the control unit's electrical output signal
intomechanical control movement.



ECM (Electronic Control Module ) or Engine ECU (Electronic Control Unit)
withmicroprocessors which process information from various sensors in accordance
withprogrammed software and outputs required electrical signals into actuators and
solenoids.

Electronic sensors;
 Injection pump speed sensor - monitors pump rotational speed
 Fuel rack position sensor - monitors pump fuel rack position
 Charge air pressure sensor - measures pressure side of the turbocharger
 Fuel pressure sensor

 Air cleaner vacuum pressure sensor
 Engine position sensor
 Temperature sensors - measure various operating temperatures
 Intake temperature
 Charge air temperature
 Coolant temperature
 Fuel temperature
 Exhaust temperature (Pyrometer)
 Ambient temperature
 Vehicle speed sensor - monitors vehicle speed
 Brake pedal sensor - operates with cruise control, exhaust brake, idle control
 Clutch pedal sensor - operates with cruise control, exhaust brake, idle control
 Accelerator pedal sensor.
Electronic Control Unit

The ECU collects and processes signals from various on-board sensors. AnECU
electronicmodule contains microprocessors, memory units, analog to digital converters and
output interfaceunits. Depending upon the parameters, a number of different maps can be stored
in the onboardmemory.This allows the ECU to be tailored to the specific engine and vehicle
requirements,depending on the application. The operating software of the ECU can be adapted
for a wide varietyof engines and vehicles without the necessity of hardware modification.The
ECU is usually located in the cab or in certain cases, in a suitable position inthe engine bay

where additional environmental conditions might require cooling of the ECU as wellas a
requirement for better dust, heatand vibrations insulation.
Actuators and Solenoids
Electro-magnetic actuators are usually located on the fuel pump to transfer
electricalsignalsinto mechanical action in this case fuel rack actuator and or fuel stop solenoid
which meansthatdepending on requests from control unit full fuel or no fuel quantity.

Working Principle;
The injection of fuel or the quantity of injected fuel has a decisive influence on
enginestarting, idling, power and emissions. The engine ECU is programmed ("mapped") with
relevantdata to where the fuel rack position has an equivalent signal for the amount of fuel being
injected.The driver requests the torque or engine speed requirements via accelerator
pedalpotentiometer thereby sending a signal to the engine ECU which then, depending on its
mapping anddata collected from various sensors, calculates in real time the quantity of injected
fuel required, thusaltering the fuel rack to the required position. The driver can also input
additional commands suchasidle speed increase to compensate e.g. for PTO operation which can
be either variably set or has apreset speed which can be recalled.The road speed function can be
used to evaluate vehicle speed and possibly activate a speedlimiter (Heavy Vehicles), or maintain
or restore a set speed (cruise control).
Further functions caninclude exhaust brake operation which, when activated, will result
in the fuel pump rack positionbeing set to zero delivery or idle. The engine ECU can also
interface with various other vehiclesystems e.g. traction control and carries out self monitoring
duties and self diagnostic functions tokeep the system working at an optimal level. To ensure the
safe operation in case of failure, the limphome mode functions are also integrated into the

system, for e.g. should the pump speed sensor failthe ECU can use an alternator speed signal
function for engine RPMs counter as a backup signal.

PETROL FUEL INJECTION SYSTEMS
Fuel injection has been utilised in compression ignition engines since beginning but
hasbeen introduced in spark ignition engine lately. These are developed for more efficient useof
fuel. To make them more dependable electronic control systems were introduced in
theeighties.Fuel injection system supplies the engine with a combustible air-fuel mixture.
Therichness of the mixture varies depending upon various operating conditions. When
coldstarted, the engine needs very rich mixture with higher fuel contents. Afterwards, as
enginewarms up lean mixture with less fuel is sufficient. During acceleration and at high
speedsagain the increased quantity of fuel is needed.An electric fuel pump supplies the fuel to
injectors under pressure. As soon as injectoropens, the fuel sprays out. There can be single spray
injector or dual spray injector as shownin Figure

An electric solenoid in the injector opens and closes the valve. The solenoid has a coilof
wire which gets magnetised when electric current is supplied. The magnetic force leftsthe
armature which raises the needle valve or pintle off its seat and the fuel sprays. When the
supplyof electric current is stopped, the magnetic force does not exist and needle valveor pintle
occupies back its seat. This stops the fuel spray. Figure 3.3 represents the detailsof fuel injector.

Electronic Fuel Injection
In

modern

automobiles,

fuel-injection

systems

are

electronically

controlled.

Electroniccontrol module (ECM) or Electronic control unit (ECU) is provided for control. These
are soadvanced that they are also called ‘on-board computers’. These can be programmed
andacted according to instructions in the programme.As shown in Figure, the ECM receives
inputs such as engine speed, coolant temperature,air intake temperature, different parameters in
intake manifold and exhaustthrough sensors. ECM processes these input signals and sends
information in the form
of output signals to various components of engine.

FUEL-INJECTION SYSTEM FOR SPARK IGNITION ENGINE
Can be classified as:
(a) Post fuel injection system (b) Throttle body fuel injection
Post Fuel Injection System
In this system fuel injector is provided for each intake port. It is also termedas Multi Port
Fuel Injection or Multi Point Fuel Injection system.

In Multi Point Fuel Injection system, the injectors and paired or grouped together
andoperate together. If there are two groups, these operate alternately in eachrevolution.

As two injectors operate together close to the time when intake valve is about to open,the
fuel charge in the other injectors is stored in the intake manifold. The time for whichthe fuel is
stored varies with the speed of the engine. At idle speed the time can be around150 millisecond
which is quite short and has no disadvantage. At higher speeds this waitingtime is further
reduced.
COMMON RAIL DIRECT INJECTION (CRDI) SYSTEM
As we have discussed fuel injection in spark ignition engine, the fuel injection
incompression ignition engines have also been improved. It is in the form of Common RailDirect
Injection System (CRDI). This is a reliable system and can be adopted formost existing diesel
engines after suitable changes.

The common rail is a large manifold and is continuously fed by fuel under pressure
withthe help of a pump driven by engine. The injectors are fed by pipes connected to rail.The
injector is opened electronically. The injection timing is independent of engine cycle.

Diesel is the lower quality fuel and has particles larger and heavier than petrol. It
isdifficult to pulverise them. If pulverisation is not proper the combustion of fuel leaves
behindunburnt particles, and more pollutants. This means lower fuel efficiency and less
power.Common rail technology improves the pulverisation of fuel. Here, a separate pump is
usedand fuel at high pressure is fed to individual fuel injector through a common pipe
(Common\rail). Fuel always remains at high pressure and therefore whenever the injector opens,
highpressure fuel can be injected into combustion chamber quickly. As a result,
alongwithimprovement in pulverisation timing of fuel injection can be precisely controlled.
Working Principle
Combustion of fuel in an engine affects its overall performance. Combustion can
notoccur in the absence of oxygen and that too is needed in a particular quantity. The sourceof
oxygen being air, the fuel and air, form very important inputs for an engine. The combustibilityof
diesel is poorer than petrol therefore optimising its mixing with air, injectioninto cylinder and
burning is a complex process. Also the requirement of quantity of fuel tobe mixed with air varies
according to operating conditions.In CRDI engines generating pressure and maintaining a real
time check on amount offuel injected have been separated. In this system, the common rail,
which is a pipe, acts asshared reservoir for electronically controlled injectors.
The pressure of about 1500 bar ismaintained in the common rail. With such high pressure
built up in common rail the needfor building up pressure in each injector is
eliminated.Connectors from common rail deliver diesel at high pressure to each injector. At
theend of the injector, a solenoid valve regulates the injection timing and amount of fuel to
beinjected on the basis of inputs from an electronic control module.As the fuel is available at

high pressure independent of operating conditions of engineit makes the engines better fuel
efficient. The fuel is sprayed at high pressure, it ignites inthe form of a controlled, yet violent
explosion. The combustion is complete and thatenhances the power output and clean
emission.The violent explosion, accompanying the combustion process, produces noise and
vibration.To avoid this, most CRDI engines employ ‘Pilot Injection’ or ‘Pilot Burn’.
A smallamount of diesel is injected just before the main fuel injection. This starts the
process ofcombustion before the injection of main fuel. This helps to make the explosion less
violent.The rise in temperature and pressure is staggered and makes the operation of engine
lessnoisy.In modern diesel engines, ECM plays a very important role. Each injector has a
solenoidvalve that adjusts the injection timing as well as the amount of fuel to be injected.
Theelectronic control module is speedy, reliable and can be programmed to take into accounta
large number of operating conditions. A mechanical device does not have all these qualities.
5. Applications / Simulation / Related Laboratory example


The electronic fuel ignition system is used for current updated vehicles to improve the
fuel supply system in effective manner.

6. MCQ- post-test


The function of the distributor in a coil ignition system of I.C engine

a) To distribute spark
b) To distribute power
c) To distribute current
d) To time the spark


The criteria of an ignition timing is ---------------------

a) To get more torque and power
b) To get low torque and power
c) To get no torque and power
d) None


The component of secondary ignition circuit include the secondary winding of ignition coil ,
distributor rotor , distributor cap and

a) Condenser
b) Spark plug
c) Ignition switch

d) Distributor drive gear


Two factor which would increase the voltage to produce spark at the sparking plugs are

a) Wider electrode gap and higher cylindrical pressure
b) Wider electrode gap and lower cylindrical pressure
c) Narrower electrode gap and higher cylindrical pressure
d) Narrower electrode gap and lower cylindrical pressure


A semiconductor is a material with

a) Exactly four electrons in its outer most orbit
b) More than four electrons in its outer most orbit
c) Less than four electrons in its outer most orbit
d) None
7. Conclusion


Today’s fuel injection unit not only improves engine performance, but also helps in
giving a cleaner exhaust that too with a increased fuel economy.



With emission norms getting stricter and changing trends in engine technology – highspeed engines, Variable displacement engines, Hybrid engines, etc – it became more and
more of a necessity than a luxury to improve the fuel supply system.
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9. Audio/ video - if any


https://www.youtube.com/watch?v=CdaCNWsoqgw

10. Assignments.


To illustrate the electronic fuel ignition system and compare the system with existing fuel
ignition system.
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Turbo chargers

1. Aim and Objectives:
Aim : To study about the functions of turbochargers
Objective :


Is to improve an engine's volumetric efficiency by increasing density of the intake gas
(usually air) allowing more power per engine cycle.



To be familiar with how turbochargers work.

2. Pre-Test - MCQ type:


The turbocharger relies solely on extracting up to a third of the wasted energy passing out
from the engine’s cylinders to impart power to the turbine wheel and compressor wheel
assembly.
a)True
b) False



Turbocharged engines produce lower cylinder volumetric efficiencies compared with the
normallyaspirated induction systems.
a)True
b) False



Turbochargers are centrifugal compressors driven by the exhaust gas turbines.
a) True
b) False



__________ of fuel energy is wasted as heat energy to friction, pumping and dynamic
movement.
a) 7%
b) 9%

c) 16%
d) 38%


___________ of fuel energy is wasted as heat energy to outgoing exhaust gases.
a) 7%
b) 9%
c) 16%
d) 38%

3. Prerequisites:


To know the necessity of turbocharger in the existing engine system.

4. Theory Behind:
Turbocharger:
The turbo charger utilizes the wasted heat energy in the exhaust system, to run a
compressorwhich compresses the intake air. Compressed intake air has more density and hence
more fuel canbe injected increasing the power of the engine. Turbo charging is an ideal way to
increase theenginepower without increasing the engine size.
A turbocharger, or turbo (colloquialism), from Greek "τύρβη" ("wake"), (also from
Latin"turbo" ("spinning top"), is a turbine-driven forced induction device that increases an
engine'sefficiency and power by forcing extra air into the combustion chamber. This
improvement overa naturally aspirated engine's output results because the turbine can force more
air, andproportionately more fuel, into the combustion chamber than atmospheric pressure alone.
Turbochargers were originally known as turbosuperchargers when allforced induction
deviceswere classified as superchargers. Nowadays the term "supercharger" is usually applied to
only mechanically driven forced induction devices. The key difference between a turbocharger
and aconventional supercharger is that the latter is mechanically driven by the engine, often
through a beltconnected to the crankshaft, whereas a turbocharger is powered by a turbine driven
by theengine'sexhaust gas.
Compared to a mechanically driven supercharger, turbochargers tend to bemore efficient,
but less responsive. Twincharger refers to an engine with both a supercharger and
aturbocharger.Turbochargers are commonly used on truck, car, train, aircraft, and construction
equipmentengines. They are most often used with Otto cycle and Diesel cycle internal
combustion engines.They have also been found useful in automotive fuel cells.

5. Applications / Simulation / Related Laboratory example


Turbocharger is a compact assembly of engine, turbine and air compressor.

6. MCQ- post-test


A typical petrol engine may harness up to ____________ of the energy contained in the
fuel supplied.
a) 20%
b) 30%
c) 40%
d) none of the mentioned



____________ of fuel energy is wasted as heat energy to surrounding air.
a) 7%
b) 9%
c) 16%
d) 38%



Turbocharged engines produce lower cylinder volumetric efficiencies compared with the
normally aspirated induction systems.
a) True
b) False



For volatile petroleum fuels of high octane number, the knocking is reduced at
_____________ mixture.
a) very rich
b) very lean
c) equal
d) none of the mentioned



A slight ___________ in lean mixture makes the engine operation irregular and
intermittent.
a) increase
b) reduction
c) heat
d) none of the mentioned



The pressure of supercharger used is
a) 1.0 to 1.3 bar
b) 1.2 to 1.4 bar
c) 1.3 to 1.5 bar
d) none of the mentioned

7. Conclusion


A turbocharger is a very useful device used to increase volumetric efficiency and fuel
burning efficiency of an engine.



It utilizes energy of exhaust gases coming out from the engine (which is a win win
situation) and uses it in supplying compressed air to the engine.
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9. Audio/ video - if any


https://www.youtube.com/watch?v=ji3MpElXr4s

10. Assignments


Define turbo charged and super charged system in an engine.



What is the main importance of turbocharged system in engine?
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Engine Emission Control

1. Aim and Objectives:
Aim : To briefly study about engine emission control.
Objective :
 Is to achieve a target level of emissions from the entire system.
2. Pre-Test - MCQ type:


Which of the following is one of the major exhaust emissions from CI engines compared
to SI engines?
a) Oxides of nitrogen
b) Particulates
c) CO and CO2
d) Unburnt hydrocarbon



Which of the following causes the photochemical smog?
a) Excess O2
b) CO and CO2
c) Soot and particulate matter
d) NOx and HC



What does the blue smoke in diesel engine indicate?
a) Unburnt oil
b) HC
c) NOx
d) CO



During which condition of the vehicle does NOx emission in SI engine will be lowest?
a) Cruising
b) Idling

c) Accelerating
d) Decelerating


Why is the fumigation technique used?
a) To control HC
b) To control NOx
c) To control CO
d) To control smoke

3. Prerequisites:


The effect of emission and its issues in the environmental conditions.

4. Theory Behind:
As the number of automobiles is increasing day by day the problem of controlling
theemission from them is becoming more and more prominent. In metropolitan cities theproblem
was realized few years back and may be the situation has improved since then butpresently it is
influencing the environment of small cities and unfortunately nobody seemsto be much
concerned.The pollutants emitted by vehicles mix with air and water. Both the things are
essentialfor human beings and as these are consumed, they show adverse effect on the health
ofhuman beings.The main pollutants coming out with emission from vehicles are hydrocarbons
(HC),carbon monoxide (CO) and oxides of nitrogen (NOX). In addition to these three the
emissionalso contains particulate material.
Hydrocarbons (HC)
Incomplete combustion of fuel causes emission of hydrocarbons (HC). As the
flamepropagates through the combustion chamber, its front comes in contact with
combustionchamber walls that are ‘cooler’ that is at a relatively low temperature. This cause
someunburnt hydrocarbons. This situation may arise with too lean or too rich fuel air
mixture.Hydrocarbon emission is minimum when stoichiometrically correct air fuel mixture is
used.Other cause of hydrocarbon emission is evaporative emission in fuel tank.
Carbon Monoxide (CO)
Carbon monoxide (CO) is due to improper fuel air combination and comes out as
theproduct of combustion. It is produced when enough oxygen is not available during

combustion.Enough oxygen means formation of carbon dioxide (CO2). Carbon dioxide (CO2) is
otherwise
a harmless gas but its presence causes what is known as ‘greenhouse effect’. It is one of
thereasons of global warming. Carbon monoxide (CO) is toxic and harmful for human
beings.When air fuel mixture is lean or when it is stoichiometrically correct the carbon
monoxide(CO) emission is low but with rich mixture its emission becomes high.
Oxides of Nitrogen (NOx)
Oxides of nitrogen (NOx) are the product of combination of nitrogen and oxygen at
hightemperatures. The two gases together form different compounds. The ‘x’ in the
formularepresents the proportion of oxygen mixed with nitrogen. If x is 1 i.e., compound is NO,
itnitrogen monoxide, when it is 2 the compound is NO2 i.e., nitrogen dioxide and so on.Mainly,
nitrogen monoxide (NO) is formed among all the oxides of nitrogen (NOx). It ishighly toxic gas
causing the formation of ozone and acid rain in addition to smog.As the number of vehicles is
increasing the emission from these vehicles is a matterof concern for the scientists and engineers.
In this direction in late fifties of twentiethcentury, standards of emission were established in
California.
The technical improvementsin the engine design came into existence in early sixties of
previous century, when crankcasewas provided with ventilation. Evaporation control system was
incorporated in 1970. Almostduring the same time, attempts were made to reduce oxides of
nitrogen. Another modificationwas done in fuel by removing lead from petrol. In mid seventies
of the twentieth centurycatalytic converter was used in exhaust system that oxidized the
monoxides present inemission. All these modifications occurred in developed countries like
United States ofAmerica.
Euro standards for vehicle emission were introduced in 1992. These were known asEuro
1 standards. These standards specified the amount of CO, HC+NOx and particulatematters in
vehicular emission. These standards were set for all kinds of vehicles whetherwith petrol engine
or diesel engine whether cars or light commercial or heavy commercialvehicles. Euro 2 were
launched between 1996 and 1999. Euro 3 came into existence in 2000and Euro 4 came into
existence in 2005. As the standards were improved these permittedless and less amount of CO.
HC, NOX and particulate materials in vehicle emission. The ideawas to prevent ambient air
getting affected from these harmful constituents present invehicular emission.

EMISSION CONTROL SYSTEMS
As soon as the problem of pollutants in emission of the vehicle was realized, scientistand
engineers started working on means to control them. Initially emission of fuel vapoursin air was
realized. To control it, several measures were adopted. The design of fuel tankwas modified. It
limited the amount of fuel that could be filled. The vented cap of the tankwas replaced by
pressure relief cap. A vapour separator was provided in some tanks thatcollected the vapours and
sent these back to fuel tank.
Charcoal Canister
Apart from these measures the vapours from fuel were controlled by charcoal canister.It
is located in fuel tank’s vapour line. When vehicle is stationary, the vapours are absorbedby the
charcoal granules. When the vehicle starts the vapours are sent to carburetor wherethese are sent
to engine cylinder. There are different means to purge the canister.

Thesevary from Electronic Control Module (ECM) to purge valve to thermal delay
valves.Thefunction of all the devices is to allow the vapours to go to carburetor when vehicle
startsmoving. The canister is provided with liquid fuel trap that collects the liquid fuel.
Thevapours condensed and converted into liquid are returned from canister to tank whenvacuum

occurs in the tank. The air pollution due to vehicle emission can be at two stages. Stage one is
insidecylinder where combustion occurs. This is pre combustion stage. Improper combustion
offuel

also

produces

pollutants.

Proper

combustion

helps

in

two

ways.

Firstly,

completecombustion givesmore thermal energy and secondly the pollutants are reduced. When
combustion gives morethermal energy, it also enhances the efficiency of the engine. Toattain
complete combustion the engine design has been modified. Stage two is post combustionstage
where pollution is caused due to the products of combustion.
Pollution occurring in pre combustion stage
Blowby gases.Some unburnt fuel and products of combustion leak through the
pistonrings and go to crankcase. These are termed as blowby gases. These gases from
crankcasego to atmosphere and cause pollution. Initially, these are reduced by having piston
rings thatcan provide better sealing. For this the cylinder walls have also been improved to
providebetter and friction less contact between them and piston rings. The gases which still go
tocrankcase are dealt through positive crankcase ventilation system. This system prevents
theemission of blowby gases from crankcase to atmosphere. The fresh air mixes with
blowbygases and the mixture is sent back to cylinder where it burns. This way blowby gases
areutilized.
Combustion chamber design
The modification in combustion chamber design has been done to reduce the
‘quencharea’ which is ‘relatively cooler’ and causes formation of unburnt hydrocarbons. The
locationof spark plug is important as that determines the propagation of flame. Another
importantparameter is mixing of fuel and air that is achieved by creating turbulence.
Intake manifold design
To control the formation of NOX, it is essential to keep combustion temperature low.This
is achieved by lower compression ratio. There are some other parameters also such asintake
manifold design, and improved cooling system. The improvement in intake manifolddesign has
made possible better heat control. The cooling system are so designed that theseallow an
optimum temperature that reduces the hydrocarbon (HC) and carbon monoxide(CO) emission
and at the same time keeps control on NOX formation.
Spark timing

Incorrect timing of spark affects the process of combustion adversely and is the causeof
pollution in the form of excessive carbon monoxide (CO) emission. Advanced timing ofspark
may cause excessive production of nitric oxides (NOX). To avoid this spark controlsystems are
introduced. Electronic Control Module (ECM) handles these systems and arecapable of varying
the timings of spark to cause minimum pollution.
Exhaust gas recirculation
By recirculating the exhaust gases to cylinder the production of NOX can be
controlled.This dilutes the fresh charge of air and fuel in the cylinder but it is done in
controlledmanner. The exhaust gases do not burn themselves but reduce the peak
combustiontemperature.

This controls the production of NOX. To control the amount of exhaust gasesgetting
recirculated valve is used that allows the entry of exhaust gases in proportion tothrottle opening.
It also does not allow the entry of exhaust gases when engine starts upcold or when it is running
idle or when full throttle is open. Figure represents anexhaust gas recirculating valve.
Intake heat control system
When the engine is started in cold condition, the hydrocarbon (HC) and carbon
monoxide(CO) contents are maximum in emission. To reduce it warm air is provided for the
combustion.To achieve this intake manifolds are provided with heating devices. These devices
alsorelevant the condensation of fuel particles in the intake manifold. Alternatively, the
exhaustgases are routed through intake manifold and these cause warming up of air.Some
modern cars have computer controlled mixture heater. These are controlledthrough Electronic

Control Module (ECM) provided in the car. Basically, fuel evaporationheater is a resistance grid
that is located in theventuri of the carburetor.
Pollution occurring in post combustion stage
Considering the harmful affects of pollutants, devices are employed in the automobilesat
the exhaust outlet to tackle the pollutants going along with the emission. Catalyticconverter is the
most effective device used in post combustion stage. It helps in reducinghydrocarbons (HC) and
oxides of nitrogen and carbon in the emission.
Catalytic converter
Though prior to use of catalytic converter other means—such as auxiliary air
injectionsystem, exhaust gas recirculation system—were used but these affected the
engineperformance adversely.

Catalytic converter consists of ceramic element coated with catalyst. The catalyst
canenhance the chemical reaction but is not a part of reaction. The catalyst mainly
convertsmonoxides into dioxides that are not harmful. The catalysts used are platinum,
palladiumand rhodium. Platinum and Palladium are oxidizing agents. These oxidize
hydrocarbons(HC) and carbon monoxide (CO) in the emission into water (H2O) and carbon
dioxide (CO2).Rhodium acts as reducing agent. It reduces oxides of nitrogen (NOx) into
Nitrogen (N) byremoving oxygen. The catalytic converters are of two types. These could be of
three waycatalyst type that can tackle hydrocarbons (HC), carbon monoxide (CO) and oxides of
nitrogen(NOx).

These have platinum, palladium and rhodium. Second types of catalytic convertersare
those having platinum and palladium only. These are only oxidizing the hydrocarbons (HC) and
carbon monoxide (CO) anddo not reduce oxides of nitrogen (NOx). Figure (a) and (b) represent
both types of catalyticconverters. Prior to catalytic converters air injection systems were used.
These provided fresh air.The oxygen in the air provided the oxidation of hydrocarbons (HC) and
carbon monoxide(CO). These were pump type or pulse type. In pump type air injectors, air pump
providedpressurized air that was sent to exhaust manifold. The air pump was driven by
enginethrough crank shaft. In pulse type injectors, utilized the natural exhaust pressure pulses
tosuck the air from air cleaner and force it into the exhaust manifold.
5. Applications / Simulation / Related Laboratory example


To study the lab experiment on the emission control system using petrol and diesel
engine.

6. MCQ- post-test


Why are lead compounds added in petrol?
a) Reduce knocking
b) Reduce HC emission
c) Reduce exhaust temperature
d) Increase power output



Which of the following cannot be reduced by thermal converters?
a) CO
b) HC
c) Soot
d) NOx



What can be reduced by using exhaust gas recirculation (EGR) effectively?
a) CO
b) NOx
c) HC
d) CO and HC



The operation of an engine depends on the level of gasoline in the ____________ inside
the carburettor.
a) tank

b) float chamber
c) ignition chamber
d) none of the mentioned


The evaporation of gasoline causes the loss of ____________ from the carburettor.
a) gasoline
b) water
c) vapour
d) none of the mentioned

7. Conclusion


The emission control systems are used in the engine to control the exhaust emission and
to maintain the BS standards.
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9. Audio/ video - if any


https://www.youtube.com/watch?v=W6dIsC_eGBI

10. Assignments


How to control the engine exhaust emission. Explain the types with suitable diagrams.
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:

Clutch

1. Aim and Objectives:
Aim : To study briefly about types of clutches and clutch plates
Objective :
 To give the types and to illustrate both clutch and brake.
 To give the function or uses of clutch and brake.
 To provide specification of both clutch and brake.
 To give background in the industry of both clutch and brake.
2. Pre-Test - MCQ type:


The following provides a smooth means of disengagement and engagement between the
engine and the remainder of transmission system.
A. Clutch,
B. Gearbox,
C.Propeller shaft,
D. Differential



A machine member used to connect engine shaft to gear box is called
(A) Differential,
(B) clutch,
(C) flywheel,
(D) propeller shaft



Free pedal play in car clutches is about
(A) 3 mm
(B) 30 mm
(C) 60 mm

(D) 100 mm


The clutch is located between the transmission and the
(A) Engine
(B) rear axle
(C) propeller shaft
(D) different



Where is the clutch located?
A- Between transmission and engine,
B-Betweentransmission and rear axle,
C-Between transmission and propeller shaft,
D- Between transmission and differential

3. Prerequisites:
4. Theory Behind:
The clutch enables the rotary motion of crankshaft to be transmitted to driven shaftwhen desired
and gradually. These can be classified as:
1. Positive Clutch
2. Gradual Engagement Clutch
Positive Clutch:
In this type of clutch there are two positions. Either it is ‘in’when the two shafts are
rigidly connected and revolve at the same speed or it is‘out’ when the shafts are entirely
disconnected and there is no transfer of motionand the driven shaft is not moving. This type of
clutch is not suitable for usebetween the engine and the gear box as the motion will be suddenly
transferred.Also the transfer of motion will suddenly stop. This means sudden movement
ofvehicle from rest and sudden stoppage of the movement. Both the situations arenot desirable as
sudden change of state from rest to motion or vice versa will behighly uncomfortable or even
injurious to the user of the vehicle.
Gradual Engagement Clutch:
In this type of clutch it is possible that drivingshaft is rotating and the other shaft, driven
shaft, is stationary. As the engagementof clutch proceeds the speed of the two shafts gradually
becomes almost equal.When the clutch is fully engaged both the shafts rotate almost at the same

speed.This type of clutch is used between the engine and the gear box. In this type ofclutch the
transfer of motion between the two shafts depends upon the frictionbetween the surfaces of the
two shafts when these come in contact with each other.Therefore, these are also known as
friction clutch.
PRINCIPLE OF FRICTION CLUTCH
Consider two shafts A and B duly supported in bearing C and D, as shown in figure,and
free to rotate about their common axes XY. Shaft A is driving shaft and shaft B is thedriven
shaft. Two discs E and F are attached at the ends of the shafts with the help of keys.Driving shaft
A and E rotates along with it. Shaft B and disc F are at rest. If the two shaftsare pressed together
the surfaces of discs E and F come in contact with each other. The twosurfaces are rough. Due to
the movement of disc E some frictional force comes into existence.When the pressure is
increased frictional force between two surfaces also increases.
This causes transfer of motion and the disc F also starts rotating. This means the
drivenshaft also starts rotating. Initially the speed of driven shaft is low. As the pressure
betweenthe surfaces of disc E and F increases the frictional force between the two also increases
and so increases the rotary speed of the driven shaft. The speed ofthe driving and drivenshaft can
be equal only when the coefficient of friction between the surfaces of discs E andF is one which
is not possible practically. Therefore, the speed of driven shaft is always lessthan the speed of the
driving shaft. To make the contact possible between the two surfacesof the discs E and F, force
should act along the axes of the shaft.

The axial force is provided by the springs. Suppose the springs, used to press the
discstogether, exert a total force of P Newton normal to the surface of the disc. Upon the
magnitudeof this force depends the magnitude of frictional force which tends to prevent the
transfer ofmotion to the driven shaft. The magnitude of this force is μP, μ being the coefficient of
friction.This force is the sum of the large number of component forces acting all over the disc
surface.These forces may be considered acting on the narrow rings which divide the circular
surfaceof the disc into a number of parts. The resultant frictional force, μP can be considered
actingtangentially at a radius of R which is the mean radius of disc.
This force will cause a momentabout the shaft axis equal to μP × R Newton-meter. This
moment tends to stop the drivingshaft A and to drive the driven shaft B. This is the torque
transmitted.The magnitude of torque depends upon the radius at which the friction force acts.
Themagnitude of the torque can be increased by increasing the radius of disc. The magnitudeof
torque also depends upon the co-efficient of friction, μ. The co-efficient of friction dependsupon
the nature of material of the surfaces in contact. The availability of spacelimits theradius of discs.
The force P depends upon the springs. The torque required may be large inmagnitude and it can
be acquired only if certain modifications are made in the design of theclutch. The modification in
the design has resulted in three principal types of clutches whichare used in an automobile. These
are cone clutch, single plate clutch and multi-plate clutch.
Cone Clutch:
The friction surface of this type of clutch is in the form of a cone. Theadvantage of the
cone clutch is that the normal force acting on the friction surface is greaterthan the axial force
which is not so in case of single plate or multi-plate clutches.Figure represents the geometry of a
cone clutch, α is the semi cone angle and P ishe force acting along the axis of the shaft. As a
reaction to force P, there is an equal forceH acting along the axis but in the opposite direction.
Q is the force normal to conical surfaceand uniformly distributed over it. The force P is
exerted by the springs. The force which keeps the clutch engaged is Q. From the Figure, it can be
found thatQ = H/sinα. The value of Q depends upon H (or P)and angle α. Smaller the angle α
greater would be the value of Q. Though the force exertedto engage the clutch is higher than
exerted by thesprings but there is a limit to which thecone angle can be kept.

Figure represents a cone clutch. The male cone is mounted on the splined clutchshaft.
Clutch shaft is the driven shaft and the motion is transferred to this shaft. The frictionsurfaces are
mounted on conical portion. The male cone can slide on the splines provided onthe clutch shaft.
The splines allow sliding motion only along the shaft axis. There is norelative rotary motion
between the shaft and male cone. The female cone is a part of thecrankshaft of the engine. It
rotates with the engine shaft. The spring exerts force along theaxis of the shaft and keeps contact
between friction surfaces of male and female cone.
Dueto the frictional contact the motion from engine shaft is transferred to clutch shaft.
This isthe ‘engaged’ position for the clutch. When the driver applies the force on clutch pedal it
actsagainst the force of spring. It causes the movement of male cone away from female cone and
the contact between the two is lost. In this position, the motion is not transferred from
engineshaft to clutch shaft. This is the ‘disengaged’ position for the clutch. In practice, the
clutchpedal is released gradually. This causes a gradual contact between the two conical surfaces
andalso gradual transfer of motion from engine shaft to clutch shaft.The cone clutch is
practically obsolete. There are some disadvantages associated withthem. The disengagement of
clutch becomes difficult with cone angle less than 20 degrees.If there is even small wear on
conical surfaces, the axial movement of male cone becomesconsiderable which is not desirable.

SINGLE PLATE CLUTCH
This type of clutch has one clutch plate and works on the principle of friction. Theseare
of two types: Helical spring type and Diaphragm spring type. In helical spring typeclutches, the
helical springs are used uniformly over the cross-sectional area of pressureplate to exert axial
force. In diaphragm spring type clutch, diaphragm spring is used to exertaxial force.
Helical Spring Type Single Plate Clutch
Figure represents a single plate clutch of helical spring type. For simplicity sake,the
clutch pedal and other links causing movement of pressure plate are not shown. Theclutch plate
is mounted on the splined shaft and can move along the axis of the shaft. Thereis no relative
movement between plate and shaft as far as rotational movement is concerned.Both have same
rotational movement due to splines provided on the shaft.The flywheel is mounted on the engine
crankshaft and rotates with it. The pressureplate is bolted to the flywheel through clutch springs.
It can slide freely along the axis ofthe clutch shaft.
The clutch is engaged due to force exerted by the clutch springs. This forcecauses contact
between the pressure plate, clutch plate and the flywheel. The clutch plateis located in between
the fly wheel and pressure plate. The clutch plate is provided withfriction material on both the
sides. The rotary movement from flywheel is transferred to theclutch plate and to the clutch shaft
due to friction. The clutch shaft also acts as output shaft.When the clutch pedal is pressed the
clutch is ‘disengaged’. The pressure plate movesback against the force of springs and the clutch
plate becomes free between the flywheel andthepressure plate. Thus the flywheel continues to

rotate as long as the engine runs but thespeed of the clutch plate declines and becomes zero. In
this situation, motion is not transferredto the clutch shaft.

Diaphragm Spring Type Single Plate Clutch
In this type of clutch, the helical springs are replaced by a single diaphragm springwhich
is a saucer shaped disc. The disc is provided with profile as shown in Figure The disc adopts flat
shape, as shown, when the clutch is engaged. In disengaged position, the discadopts a buckled
shape as shown.

Figure represents simplified view of the clutch assembly.The view shows the clutch in
‘engaged’ position. The force is exerted by the diaphragmspring on the pressure plate which
causes the contact between pressure plate, clutch plate and flywheel. When force is applied
through clutch pedal, the diaphragm spring is buckledand contact between pressure plate, clutch
plate and fly wheel is lost. The clutch is ‘disengaged’and motion from flywheel is not transferred
to clutch shaft.

MULTI PLATE CLUTCH
A number of times, single clutch plate can not transfer the required motion. This maybe
due to less friction force.

The friction force can be increased by increasing the area of contact. This increases the
sizeof the clutch and due to limited space available; it may bedifficult to increase the size.
Therefore to increase the area of contact, the number of clutchplates is increased. The
constructional details of multi plate clutch are as represented in theFigure.
CENTRIFUGAL CLUTCH
Many times attempts have been made to produce automobiles which are simple
tooperate. Pressing clutch and changing gears repeatedly is quite inconvenient for the userof
automobile. Centrifugal clutch is a device which is not operated by the user. The axialforce
required to disengage the clutch is provided through centrifugal force. The centrifugalforce
depends upon the speed of the shaft.

If the shaft speed is low the force is also low andclutch is disengaged. When the shaft
speed increases, the centrifugal force increases andclutch becomes ‘engaged’. As the shaft speed
increases gradually, the centrifugal force alsoincreases and the motion from driving shaft to
driven shaft is transferred.
5. Applications / Simulation / Related Laboratory example


The different types of clutch assembly and disassembly can be experimented in the
laboratory.

6. MCQ- post-test


The following type of arrangement is used in synchromesh type gear box

(A) Single plate clutch,

(B) Fluid clutch,
(C) Dog clutch,
(D) Semi-centrifugal clutch


The torque which a clutch can transmit, depends upon the

(A) coefficient of friction,
(B) spring force,
(C) contact surfaces,
(D) all of the above


What is the type of clutch?

A .Cone clutch,
B. single plate clutch with coil spring,
C. Diaphragm clutch,
D. Multi plate dry weight clutch


What is the type of clutch?

A .Cone clutch,
B. single plate clutch with coil spring,
C. Diaphragm clutch,
D. Multi plate dry weight clutch


The maximum value of axial force at the clutch which a driver can apply while driving,
without getting fatigued is approximately

(A) 10 N
(B) 100 N
(C) 500 N
(D) 5000 N
7. Conclusion


New environmental and fuel efficiency legislation have triggered new automated
transmission technologies.



The most likely winner that will replace traditional system will be the dual clutch
transmission (DCT) as it offers the best of fuel efficiency as well as comfort and
performance.

8. References
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9. Audio/ video - if any


https://www.youtube.com/watch?v=devo3kdSPQY

10. Assignments


Briefly explain about the single plate and multi plate clutch with suitable real-time
example.
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:

Gear boxes

1. Aim and Objectives:
Aim : To design and fabricate an automobile gearbox
Objective :
 To design a helical gearbox
 Fabrication of gearbox
 Study of various gear manufacturing process.
2. Pre-Test - MCQ type:


The purpose of transmission is an automobile is

A) To vary the speed of automobile,
B) to vary the torque at road wheel of vehicle,
C) to vary the power of automobile,
D) none of these


Mechanical transmission can be of following class

(A) Clutch, gearbox and live axle transmission,
(B) Clutch, gearbox and dead axle transmission,
(C) Clutch, gearbox and axle less transmission,
(D) All of the above


The purpose of gear box in motor vehicle is/are

(A) To get the various speed
(B) to get the various torque
(C) both of these
(D) none of these


Increase of torque in a vehicle is obtained by

(A) decreasing speed
(B) decreasing power
(C) decreasing petrol consumption
(D) all the above


Noisy operation of the gearbox is caused by

A) Binding clutch linkage,
B) jammed synchromesh unit,
C) misalignment of clutch housing
D) gear loose on main shaft
3. Prerequisites:


To know the basics about the usage of automotive system.

4. Theory Behind:
SLIDING MESH GEAR BOX
The motion from the engine shaft, through clutch is transferred to the shaft, E which
haspinion P at its end. The shaft is supported in bearings. The pinion P meshes withspur wheel
A. Wheel A is mounted on lay shaft L having its axis parallel to that of shaft E.This shaft is also
supported in bearings at ends. Four spur wheels A, B, C and D are mountedon lay shaft L. Fifth
wheel E continuously meshes with pinion F. The pinion F is free torevolve on a pin fixed in the
casting. Third shaft K, known as main shaft, is arranged in line with shaft E.
This shaft is also supported at one end in the casing and on other end in thespigot. The
casing and the spigot are not shown in the figure for the sake of simplicity.Splines are provided
throughout the length of shaft K. Spur wheel G and a double wheelH1 and H2 are mounted on
shaft K. These wheels can have axial movement but the shaftrotates along with these wheels.
The selector forks make possible the axial movement ofwheels so that these can mesh with
wheels on lay shaft L. Again the selector forks havenot been shown for the sake of simplicity.
These forks are fixed on the rods that slide inthe holes provided in the casing. The holes in the
casing are provided with bushes forsmooth movement.
Claw teeth are provided on spur wheel G and the pinion P. When these claw teeth comein
contact with each other the motion from driving shaft is directly transferred to drivenshaft. The
contact is positive and therefore the speeds of driving shaft and driven shaft areequal.The main

shaft K is connected to the propeller shaft which in turn is connected toroad wheels through
differential and the axle. The lay shaft is supported in the casingwith the help of thrust buttons.
The left end of the main shaft K through thrust buttonis placed against the engine shaft. The right
end of the shaft is supported in the wall ofthe casing. The engine shaft E is fixed at the right end
with thrust button against theend of main shaft K. The gear box under consideration provides
four forward and onereverse gear.

CONSTANT MESH GEAR BOX
In this type of gear box, all the pairs of wheels are always in mesh with each
other.Figurerepresents a constant mesh gear box. The engine shaft, S has a pinion P,meshing
with wheel A on the lay shaft. Wheels B, C and D are also fixed on lay shaft andconstantly mesh
with wheels E, F and G. Wheels B, C and E, F are twin wheels. Thearrangement is similar to that
in sliding mesh gear box. E, F and G are constantly drivenat different speeds.

This is because B, C and D have different diameters. Wheels G and Dhave an idler in
between which changes the direction of motion of G. The wheel G andpinion P rotate in opposite
direction. This makes possible the motion of vehicle in reversedirection. Bushes or bearings are
provided to support the shafts in the gear box casing forsmooth rotary movement. If bushes are
used lubrication becomes difficult. This causes wearand noise. Roller bearings, when used, can
ease the lubrication but make the gear boxbulky. Needle-roller bearings are most beneficial as
these allow the easy lubrication and donot make the gear box bulky. These have not been shown
in the figure for the sake ofsimplicity. Between wheels E, F and pinion P a dog clutch, D1 is
provided. Similarly,between E, F and wheel G another dog clutch, D2 is provided. These dog
clutches arerequired to have free movement axially but there should be no relative rotary motion
between the shaft and the clutches. To achieve this, the shaft is splined as shown.
Alternatively, the shaft can be provided with square cross-section. The dog clutches
areprovided with the teeth and similar teeth are provided on the pinion, P and wheels E, F andG.
If dog clutch D2 slide towards left it’s teeth mesh with teeth on wheel F. The motionwould be
transferred from pinion, P to wheel A to wheel C to wheel F and to the main shaftM. The dog
clutch D1 remains in neutral position. Next dog clutch D1 move towards rightand its teeth mesh
with teeth on wheel E. Other dog clutch attains neutral position. Themotion, in this case, is
transferred from pinion, P to wheel A, to wheel B, to wheel E andto the main shaft M.

When dog clutch D1 moves towards left its teeth directly mesh withthe teeth on pinion P
and motion from engine shaft, E is transferred directly to the mainshaft M. The right ward
movement of dog clutch D2 causes the meshing of teeth of wheelF and G. In this case, the
motion is transferred through idler and therefore wheel G movesin opposite direction causing
motion of the vehicle in reverse direction.In constant mesh gear box, helical or double helical
gear wheels can be used. Theseoperate quietly and therefore the working of the gear box is less
noisy. The teeth on thedog clutch are easier to engage. These are less liable to damage. In this
type of gear box,synchromesh device can be readily fixed which is an additional advantage.
SYNCHROMESH DEVICE
Shifting of gears can be inconvenient and if not done properly it can cause jerks and evendamage
the gear wheels. For the convenience of the driver, the shifting of gears should be assmooth as
possible. Synchromesh device is fixed in the gear box and makes possible the smoothshifting of
gears. The wheels to be engaged are initially brought into frictional contact and whenfriction has
almost equalized their speeds, positive contact is made. The device can be readilyemployed in
constant mesh gear box and with some modifications in sliding mesh gear box.

Figure represents the synchromesh device applied to the direct and the lower gear ofa
constant mesh gear box. S is the engine shaft and the integral pinion P meshes with wheelfixed
on the lay shaft that has not been shown. The wheel E is free to rotate on the mainshaft and
permanently meshes with another wheel fixed on the lay shaft. Wheels P and E havedog tooth
portions T1 and T2 and conical portion with slanting surfaces. D1 is free to slide onsplines on the

main shaft. D1 has conical portion corresponding to conical portion on P andE. As D1 slides
towards left contact between conical surfaces occurs. Due to friction betweenconical surfaces
motion is transferred. D1 has teeth exactly similar to those on T1 and T2.
Another member C can slide. Its sliding towards left causes positive contact between P
andD1 and transfer of motion from pinion to splined shaft. Before positive contact is made it
hasto overcome the resistance due to six spring loaded balls (only B1 shown in the figure).
Thespeeds of the P and D1 being almost equal a little effort is required to overcome this
resistance.These balls do not allow the accidental removal of the contact. The movement of C
iscaused by selector fork K operated by the driver through gear lever. In between shifting ofgears
the lever is brought to neutral position. Because constant load is applied during shiftingof gears
this type of synchromesh device is classified as constant load synchromesh.
5. Applications / Simulation / Related Laboratory example


To assemble and disassemble the gear assembly in the laboratory

6. MCQ- post-test


Which of the following is true?

A. high torque is required at the start of the vehicle,
B. low torque is required at high speeds,
C. gearbox helps in smooth running of vehicle,
D. all of these


Which of the following is not a type of gearbox?

A. Linear mesh gearbox,
B. Sliding mesh gearbox,
C. Constant mesh gearbox,
D. Synchromesh gearbox.


Choose correct drive transmission from engine to gear box

A. Fly wheel - cover - drive plate - driven plate
B. Fly wheel - cover - driven plate - drive plate
C. Fly wheel - driven plate - drive plate - cover
D. Fly wheel - drive plate - driven plate – cover



In a simple epicyclic gear set, the output member to increase torque in reverse is always the

(A) ring gear,
(B)planet carrier,
(C) sun gear,
(D) none of the above


The central gear of an epicyclic gear set is called a

(A) Ring gear,
(B)sun gear,
(C) planet gear,
(D) internal gear
7. Conclusion


By using the gear box mechanism in an automobiles sector, the automatic transmission
reduces the human effort.



The speed can be increase or reduced based on the comfort and road conditions. Especially
while climbing the hills the gear mechanisms are very essential.
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9. Audio/ video - if any


https://www.youtube.com/watch?v=F7g3uCRmWE0

10. Assignments


Elaborate the purpose gear mechanism in automobile sector.



Brief about any two types gear box system with suitable diagram.

SRI CHANDRASEKHARENDRA SARASWATHI VISWA MAHA VIDYALAYA
(University Established under section 3 of UGC Act, 1956)
DEPARTMENT OF MECHANICAL ENGINEERING
Name of the Course

:

Automobile Engineering

Name of the unit

:

TRANSMISSION SYSTEMS

Topic – Title

:

flywheel, shaft, joints and axle

1. Aim and Objectives:
Aim:


Investigate the dynamics of rotating systems.



Determine the energy storage capabilities of flywheel.



To say about briefly about the shaft

Objectives :
 Ability to understand and effectively use angular motion theory and concepts.
 Determine by calculation the energy capabilities of flywheel.
 Explain descriptive terms the technical aspects and engineering applications of flywheel.
 Is to increase the operating lifespan of rotating machinery.
2. Pre-Test - MCQ type:


What is the use of shaft system in an automobile?



Why the differential used in anvehicle?



What happens if the vehicle is runs with damaged axle?

3. Prerequisites:


To be known about the importance of axle and differential in the automobile vehicles.

4. Theory Behind:
PROPELLER SHAFT
The motion from gear box is transferred to differential which is the next component ofthe
transmission system. The differential is located in the middle of the rear axle and thevehicle is
rear wheel drive. Alternatively, the vehicle may be front wheel drive or in somecases, motion
from the engine may be transferred to both-front and rear axles. In case of rearwheel drive

vehiclethe distance between the gear box and differential may be considerableand the propeller
shaft connecting the two has considerable length.
In case of front wheeldrive the distance between the two may be small and so small
propeller shaft would berequired. To study the propeller shaft, it is proper to consider vehicle
with rear wheel drive.The wheels are mounted on the axle at its two ends. In between the wheels
and the axleis suspension system.

The suspension system has leaf springs providing up and down movementto the axle.
Thus differential also has swinging up and down movement. The gear boxes located in the front
portion of the vehicle is fixed. Therefore motion is being transferredthrough propeller shaft from
one fixed end to other end which is swinging. Due to this theangle between the gear box end and
the differential does not remain same and varies asdepicted in figure. Also the distance between
the two ends does not remain same andvaries which has also been depicted in the figure. It can
also be noticed from the figure thatthe gear box and the differential are located at different
heights. To cope up with theseconditions the propeller shaft is provided with universal joints at
the two ends and a slip joint.The universal joint takes up the variation in the angle and slip joint
takes up the variationin the distance between two connected points.
UNIVERSAL JOINT
When motion is to be transferred from one shaft to another shaft and the axis of thetwo
shafts are not aligned and are making some angle universal joint is used. This is alsoknown as
constant velocity joint. Universal joint consists of two yokes and a cross shapedmember known
as spider. These parts are joined together as shown in Figure.One yoke is connected to the
driving shaft and the other is connected to driven shaft.The four arms of the spider are assembled

in the needle bearings in the two yokes. Thedriving shaft provides motion to the spider that
rotates. This motion to yoke connected withdriven shaft through the spider. The needle bearings
provide the swinging movement to yokearound trunnions. This joint has some limitations such as
the speed of the driving shaft andthe driven shaft may not be same. The transfer of motion may
be accompanied by somevibrations. The Figure represents a simple universal joint.

DIFFERENTIAL
The differential is yet another component of transmission system. The differential
performsthe following two functions:
(a) The live axle is at 90° to the propeller shaft. Axle where motion is transferred
isknown as live axle. The motion which is available at the propeller shaft end is tobe rotated
through 90°. This is performed with the help of a pinion and wheelarrangement. The axes of the
pinion and the wheel are at 90° to each other.
(b) When the automobile is moving on a curved path its inner wheels are traversinga
circle of smaller radius and outer wheels are traversing a circle of bigger radius.

Thus the wheels on the outer side traverse a longerdistance than the wheels on the inner
side. As all the four wheels are part of theautomobile they have to move together. They are
required to cover different distancesin the same time period. Therefore it is required that speed of
the outerwheels should increase and speed of inner wheels should decrease. This variationin the
speeds of the wheels on inner and outer side is done by the differential.

Figure represents a differential. The view has been sectioned to provide theinner details.
The motion from the constant velocity joint of the propeller shaft is transferredto the pinion P1.
The crown wheel, CW is meshing with pinion P1 and motion frompropeller shaft through pinion,
P1 is transferred to crown wheel. As the axes crown wheeland pinion are at right angle to each
other the first requirement of the differential isfulfilled i.e., motion is rotated through 90°. The

crown wheel, CW is fixed on a cage C. Thecage consists of a set of bevel pinions B1 and B2 and
pair of pinions P2 and P3.
The two havetheir axes at right angle to each other. The size of bevel pinions and the
pinions is same.Bevel pinions, B1 and B2 are fixed on the splined portion of half shafts H1 and
H2. The halfshafts support the cage and crown wheel. The half shafts are supported in bearings
on both the sides to provide smooth rotary motion and support. The two half shafts have road
wheels attheir ends. These half shafts are the ‘live’ axle which is generally located on the rear
side ofthe vehicle.When the vehicle is moving on straight path the motion gets transferred to
crown wheelCW and to two half shafts H1 and H2. The cage, in this situation, moves as a single
unit.There is no relative movement between the bevel pinions and the pinion. Therefore the
twohalf shafts rotate at the same speed.
LIVE AXLE
It is the axle where the motion from the propeller shaft is transferred. In case of
fourwheel drive, the motion is transferred to both the axles and therefore both the axles are
‘live’axles. When motion is transferred to one axle the other axle is termed as ‘dead’ axle.
Thedead axle only carries the weight of the vehicle. The live axle performs the following
twofunctions:
(a) It acts as a beam and through the suspension springs carries the load due to theweight
of the carriage unit. It transmits these loads under dynamic conditionsthrough the road wheels to
the ground. Dynamic loading is mainly due to (i) themotion of wheel and axle assembly on the
ground, (ii) flexibility of tyres and suspensionsprings and (iii) the mass of the carriage unit.
(b) It also supports and accommodates the final drive, differential and shafts.The live axle
is essentially in the form of two half shafts each shaft connected to roadwheel at the end. These
half shafts along with final drive and differential are accommodatedin the hollow shaft. This
hollow shaft is of suitable diameter to accommodate half shafts. Itsmiddle portion has spherical
shape to accommodate the final drive and the differential. It isstrong enough to take up the load
of carriage unit and suspension springs.
The final drive
Sometimes while transferring the motion from propeller shaft to the differential it
isessential to reduce its speed. By reducing the speed the torque can be increased. This is
donewith the help of gears and the gear drive is known as final drive. If the speed is to be

reducedup to about 7:1 a single pair of gears is sufficient. This is also known as single stage
gearing.If the reduction of speed is needed in the higher ratio than this the reduction may not
bepossible in single stage. Then this is carried in two or even three stages. Worm wheels areused
for the gear drive as these are silent. Bevel and hypoid bevel drives are also quite commonly
used being less costly. The disadvantage being that sliding action of the wormteeth produces
heat. This could be tackled by providing sufficient amount of lubricant.A single reduction axle
has been shown in the Figure.

It has a hollow casing C. Theends of the casing have road wheels. There are suspension
springs and through thesesprings the weight of the carriage unit is supported by the casing. The
suspension springsare located in between the casing and the wheels. In turn the casing is
supported by theroad wheels. The casing acts as a beam, supported at the ends and loaded in the
middleportion. The casing has to be stiff enough to take up the load of the carriage unit and
othercomponents. The motion from the propeller shaft is transferred through the shaft S which is
integral
with pinion P1.
The shaft is duly supported in the bearing provided in the casing. Inside theaxle the
pinion P1 meshes with crown wheel. The crown has differential cage as explainedin differential.

The half shafts are supported in bearings B1 B2 in the casing. At the end thehalf shafts are bolted
to the hub of the road wheels. Road wheels are kept in place with thehelp of shoulders that are
provided in the casing and the nut, N.
Semi-floating Axle
Semi-floating axle support the weight of the vehicle. It is supported at the ends
bybearings (Fig. 11.18). These bearings are located in the axle casing and reduce the rotational
friction. The axle transmits only driving torque. That’s why it is termed as floating axle.

The driving wheels are bolted on the outer end of the axles. The bearings support the
axle.Theaxle is held in place with the help of bearing retainer or by a C shape washer. The
bearingretainer is belted to the flange. The axle shaft pushes on the bearings as they rotate.
Theaxle casing, suspension springs and chassis experience force. The axle experiences a
bendingstress as the vehicle moves on a curved path. The disadvantage of C shape washer as
retaineris that the driving wheel comes out in case the axle breaks.
5. Applications / Simulation / Related Laboratory example


Assemble and disassemble of differential and axle in the laboratory.

6. MCQ- post-test


What is the exact usage of axle and differential?



How the shaft and coupling mechanism used in the vehicle especially in turning.

7. Conclusion


The importance of axle and differential in a vehicle especially while the turning of
vehicles.



The importance of universal joint and its coupling in the transmission system.
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9. Audio/ video - if any


https://www.youtube.com/watch?v=LCMZz6YhbOQ



https://www.youtube.com/watch?v=SOgoejxzF8c

10. Assignments


Draw and explain the types of axles with suitable diagram.



Draw and explain about the use of differential in an vehicle.
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STEERING, BRAKES AND SUSPENSION SYSTEMS

Topic – Title

:

Steering

1. Aim and Objectives:
Aim : To ensure that the wheels are pointing in the desired directions.
Objective :
 Inspect the condition of the steering system
 Explain different types of reports that can be made to the steering system
 Describe the principles of operation of steering systems
2. Pre-Test - MCQ type:


In a vehicle the problem cause for hard steering could be

A. Low tyre pressure
B. Bent wheel spindle
C. Tie rod end tight
D. Any of the above


As applied to steering, the abbreviation P.A.S. Stands for

A. Pump assisted system
B. Pump aided steering
C. Power activated system
D. Power assisted steering


A collapsible steering column is one which collapses to

A. Damp out road vibration
B. Improve safety for the driver
C. Simplify its removal for repair
D. Provide adjustment for the steering wheel


Which one is not steering gear?

A. Recirculating ball steering gear
B. Reciprocating ball steering gear
C. Cam and roller steering gear
D. Worm and sector steering gear
3. Prerequisites:


The basics and need of steering in the automobile system need to be known prior.

4. Theory Behind:
Introduction of Steering system
Steering is the collection of components, linkages, etc. which allow a vessel (ship,boat)or
vehicle (car, motorcycle, bicycle) to follow the desired course. An exception is the case of
railtransport by which rail tracks combined together with railroad switches (and also known as
'points'in British English) provide the steering function.The most conventional steering
arrangement is to turn the front wheels using a hand–operated steering wheel which is positioned
in front of the driver, via the steering column, whichmay contain universal joints (which may
also be part of the collapsible steering column design), toallow it to deviate somewhat from a
straight line.
Other arrangements are sometimes found ondifferent types of vehicles, for example, a
tiller or rear–wheel steering. Tracked vehicles suchas bulldozers andtanks usually employ
differential steering— that is, the tracks are made to move atdifferent speeds or even in opposite
directions, using clutches and brakes, to bring about a change ofcourse or direction.

Ackermann steering geometry

Caster angle θ indicates kingpinpivot line and gray area indicates vehicle's tire with
thewheel moving from right to left. A positive caster angle aids in directional stability, as the
wheeltends to trail, but a large angle makes steering more difficult.Curves described by the rear
wheels of a conventional automobile. While the vehicle moveswith a constant speed its inner and

outer rear wheels do not.The basic aim of steering is to ensure that the wheels are pointing in the
desired directions.
This is typically achieved by a series of linkages, rods, pivots and gears. One of the
fundamentalconcepts is that of caster angle – each wheel is steered with a pivot point ahead of
the wheel; thismakes the steering tend to be selfcantering towards the direction of travel.The
steering linkages connecting the steering box and the wheels usually conforms to avariation of
Ackermann steering geometry, to account for the fact that in a turn, the inner wheel isactually
travelling a path of smaller radius than the outer wheel, so that the degree of toe suitable
fordriving in a straight path is not suitable for turns. The angle the wheels make with the vertical
planealso influences steering dynamics (see camber angle) as do the tires.

Rack and pinion steering mechanism:
1. Steering wheel.
2. Steering column.
3. Rack and pinion.
4. Tie rod.
5. Kingpin.
Rack and pinion unit mounted in the cockpit of an Ariel Atom sports car chassis. For
mosthighvolume production, this is usually mounted on the other side of this panelSteering box
of a motor vehicle, the traditional (non-assisted), you may notice that thesystem allows you to
adjust the braking and steering systems, you can also see the attachmentsystem to the
frame.Many modern cars use rack and pinion steering mechanisms, where the steering wheel

turnsthe pinion gear; the pinion moves the rack, which is a linear gear that meshes with the
pinion,converting circular motion into linear motion along the transverse axis of the car (side to
sidemotion).
This motion applies steering torque to the swivel pin ball joints that replaced
previouslyused kingpins of the stub axle of the steered wheels via tie rods and a short lever arm
called thesteering arm.The rack and pinion design has the advantages of a large degree of
feedback and directsteering "feel". A disadvantage is that it is not adjustable, so that when it does
wear anddevelop lash, the only cure is replacement.Older designs often use the recalculating ball
mechanism, which is still found on trucks andutility vehicles.
This is a variation on the older sector design; the steering column turns a large screw(the
"worm gear") which meshes with a sector of a gear, causing it to rotate about its axis as theworm
gear is turned; an arm attached to the axis of the sector moves the Pitman arm, which isconnected
to the steering linkage and thus steers the wheels. The recalculating ballversion of thisapparatus
reduces the considerable friction by placing large ball bearings between the teeth of theworm and
those of the screw; at either end of the apparatus the balls exit from between the twopieces into a
channel internal to the box which connects them with the other end of the apparatus,thus they are
"recalculated".
The recirculating ball mechanism has the advantage of a much greater mechanical
advantage,so that it was found on larger, heavier vehicles while the rack and pinion was
originally limited tosmaller and lighter ones; due to the almost universal adoption of power
steering, however, this is nolonger an important advantage, leading to the increasing use of rack
and pinion on newer cars.The recirculating ball design also has a perceptible lash, or "dead spot"
on centre, where aminute turn of the steering wheel in either direction does not move the steering
apparatus; this iseasily adjustable via a screw on the end of the steering box to account for wear,
but it cannot beentirely eliminated because it will create excessive internal forces at other
positions and themechanism will wear very rapidly.
This design is still in use in trucks and other large vehicles,where rapidity of steering and
direct feel are less important than robustness, maintainability, andmechanical advantage.The
worm and sector was an older design, used for example in Willys and Chrysler vehicles,and the
Ford Falcon (1960s).Other systems for steering exist, but are uncommon on road vehicles.
Children's toys and gokartsoften use a very direct linkage in the form of abellcrank (also

commonly known as a Pitmanarm) attached directly between the steering column and the
steering arms, and the use of cableoperatedsteering linkages (e.g. the Capstan and Bowstring
mechanism) is also found on somehome-built vehicles such as soapbox cars and recumbent
tricycles.
Steering Gear Boxes;
The steering gears converts the rotary motion of the steering wheel into the to-andfromotion of the link rod of the steering linkages. Moreover it also provides necessary leverage
sothatthe driver is able to steer the vehicle without fatigue.
There are various types of steering gear boxes are available in automobile.
 Worm and Wheel steering gear box,
 Cam and double roller steering gear box,
 Worm and nut steering gear box,
 Recalculating ball type steering gear box,
 Rack and pinion steering gear box,
Power steering
In automobiles, power steering (also known as power assisted steering (PAS) or
steeringassist system) helps drivers steer by augmenting steering effort of the steering
wheel.Hydraulic or electric actuators add controlled energy to the steering mechanism, so the
driverneeds to provide only modest effort regardless of conditions. Power steering helps
considerablywhen a vehicle is stopped or moving slowly. Also, power steering provides some
feedback of forcesacting on the front wheels to give an ongoing sense of how the wheels are
interacting with the road;this is typically called "rοad feel".
Representative power steering systems for cars augment steering effort via an actuator,
ahydraulic cylinder, which is part of a servo system. These systems have a direct
mechanicalconnection between the steering wheel and the linkage that steers the wheels.This
means that power-steering system failure (to augment effort) still permits the vehicle tobe steered
using manual effort alone.Other power steering systems (such as those in the largest off-road
construction vehicles)have no direct mechanical connection to the steering linkage; they require
power. Systems of thiskind, with no mechanical connection, are sometimes called "drive by
wire" or "steer by wire", byanalogy with aviation's "fly-by-wire". In this context, "wire" refers to
electrical cables that carrypower and data, not thin-wire-rope mechanical control cables.

In other power steering systems, electric motors provide the assistance instead of
hydraulic
systems. As with hydraulic types, power to the actuator (motor, in this case) is controlled by
therestof the power-steering system.Some construction vehicles have a two-part frame with a
rugged hinge in the middle; thishinge allows the front and rear axles to become non-parallel to
steer the vehicle. Opposing hydrauliccylinders move the halves of the frame relative to each
other to steer.Power steering helps the driver of a vehicle to steer by directing some of the power
to assistin swiveling the steered road wheels about their steering axes.
As vehicles have become heavier andswitched to front wheel drive, particularly using
negative offset geometry, along with increases intire width and diameter, the effort needed to
turn the wheels about their steering axis has increased,often to the point where major physical
exertion would be needed were it not for power assistance.To alleviate this auto makers have
developedpower steering systems: or more correctlypower-assisted steering—on road going
vehicles therehas to be a mechanical linkage as a failsafe.
There are two types of power steering systems; hydraulic and electric/electronic. A
hydraulicelectrichybrid system is also possible.A hydraulic power steering (HPS) uses hydraulic
pressuresupplied by an engine-driven pump to assist themotion of turning the steering wheel.
Electric powersteering (EPS) is more efficient than the hydraulic power steering, since the
electric power steeringmotor only needs to provide assistance when the steering wheel is turned,
whereas the hydraulicpump must run constantly.In EPS, the amount of assistance is easily
tunable to the vehicle type, road speed, and evendriver preference. An added benefit is the
elimination of environmental hazard posed by leakage anddisposal of hydraulic power steering
fluid. In addition, electrical assistance is not lost when theengine fails or stalls, whereas
hydraulic assistance stops working if the engine stops, making thesteering doubly heavy as the
driver must now turn not only the very heavy steering—without anyhelp—but also the powerassistance system itself.
5. Applications / Simulation / Related Laboratory example


The simple laboratory experiments can be experimented in the lab for the clear
understanding of the steering mechanism.

6. MCQ- post-test



The distance between centre of front wheel is called

A. Track
B. Wheel base
C. Axle width
D. Turning circle


What is the name of component used in the integral power steering?

A. Flow control valve
B. Rotary valve
C. Unloading valve
D. Pressure relief valve


What is the name of part marked as ‘X’ in the integral power steering in neutral condition?

A. Lower cylinder

B. Upper cylinder
C. Valve sleeve
D. Input shaft


What is the cause of “low pressure” in the hydraulic power steering system?

A.Low oil level
B. Wrong flow control valve setting
C. Air in the system
D. Worn-out sealing ring


Which device in electronic power steering converts the steering torque input and its
direction in to voltage signals?

A. Rotation sensor
B. Torque sensor
C. Hall effect sensor
D. Temperature sensor
7. Conclusion


steering system is one of the most important features in automobile.



This system will control all of the direction and movement of the wheel of our vehicle.



Other than that, by controlling all the tires this car or automobile is easier to handle and
can provide more safety characteristic to the driver.

8. References
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9. Audio/ video - if any


https://www.youtube.com/watch?v=em1O8mz7sF0

10. Assignments


How the steering mechanism working on the principles of Ackermann steering geometry.



How the power steering differs with normal steering system. Explain with real-time
application.
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Topic – Title

:

Wheel alignment

1. Aim and Objectives:
Aim : To Reconditioning of wheel alignment
Objective :
 Can be able to explain the term wheel alignment.
 Check and adjust caster , camber and toe.
 Inspect tyres , steering and suspension systems before alignment.
2. Pre-Test - MCQ type:


What is the aspect ratio in the tyre structure?

A : Percentage ratio of tyre height to Rim width
B : Ratio between tyre height to tyre dia
C : Percentage ratio of tyre height to tyre width
D : Ratio between tyre width to Rim width


How the tyre height is calculated?

A : Rim dia - tyre outer dia
B : Tyre outer dia - Rim dia
C : Thread width + Tyre width
D: Tyre width + Bead circle dia


What is the name of distance between most protruding portions on both sides of tyre?

A : Tyre outer diameter
B: Tyre height
C : Tyre width
D : Thread radius


What is the advantage of using nitrogen in the tyres?

A : Provide positive road grip

B : Increase the tyre life
C: Provide cushioning effect on the vehicle
D : Observe shocks and vibration


What is the use of compact spare tyres? |

A : Used for breakdown
B:Used for high altitude
C: Withstand heavy load
D:Withstand high temperature
3. Prerequisites:


The difference between tube tyre and tubeless tyre as well as the importance of normal air
and nitrogen air in the tyre.

4. Theory Behind:
INTRODUCTION
Wheels, together with tyres and tubes, form a single unit to provide motion to
anautomobile. These support the automobile on road and take up its load. Generally there arefour
wheels but often to enhance the load carrying capacity the number of wheels may bemore than
four. Tyres and tubes are made of soft rubber. The tubes are inflated and provideflexible support
to the automobile. The wheels should be:
(a) capable of providing flexible support and cushioning effect. The tyres should
beflexible but at the same time should be able to maintain their shape and providesupport.
(b) strong enough to take up the load.
(c) balanced statically as well as dynamically for the stability of automobile. It is
essential
that the wheels are balanced so that while moving on the road the automobile
is stable.
(d) as light as possible and
(e) easy to remove from axle and easy to mount on the axle. This is an
importantrequirement. The tube may lose the air inside it if it is pricked by some sharp objectsay,
a nail. In that case the tyre becomes flat and the wheel loses its circular shapeand it is impossible
for the automobile to move. The wheel has to be replaced byanother wheel. Hence, it is essential
that flat wheel can be removed and otherwheel can be mounted easily.

TYPES OF WHEEL
The wheels may be classified, on the basis of their construction, as steel disc wheel, wire
wheel.
Disc wheel
These wheels are made of steel and are simple and robust in construction as shown
inFigure. These are mounted on the axle with the help of tapered mounting nuts. These areknown
as lug nuts. Generally there are four nuts but in case of large wheel their numbermay be more.
Holes are provided in the disc for better heat dissipation. As the holes tendto weaken the disc,
these are swaged. Through swaging, the disc plate is turned inwardssmoothly around each hole.
This compensates the loss of strength due to holes. The outerpart of the wheel is a steel rim
which is well based so that tubes and tyres can be properlyaccommodated. The rim and disc may
be a single unit, as in case of small wheels or in twoparts as in case of big wheels.

The wheels may be inset, zero set or out set as shown in Figure. This depends uponthe
position of rim in relation to attachment face of the disc. In some wheels, the rim canbe mounted
on either side of the disc to provide inset or outset. These increases or decreasesthe wheel track
as per requirement of the automobiles. These are known as reversiblewheels. For heavy vehicles,
instead of well type rims flat based rims are used which providebetter support.

The rims may be made of aluminium or magnesium that may be die-cast or forged.These
are light in weight as compared to steel disc wheels. The wheels in an automobile areunsprung
parts. This means that their weight is not supported by suspension springs. Hencereduction in
weight is important.
Wire wheels
As shown in Figure, these wheels have wire spokes (similar to bicycle wheel). Thewheel
hub is in the centre connected to rim with the help of wire spokes. These are lightin weight and
have better heat dissipation.

TYRE
The tyres are required to carry the load of the automobile. The tyres may be with tubeor
tubeless. In the former, the tube is inside the tyre and contains air at high pressure. Intubeless
tyre there is no tube and tyre itself contains air at high pressure. They also transferthe braking

and driving torque to the road. The motion of the automobile becomes possibleonly when the
friction acts between the tyre surface and the road surface. This friction isrequired for the
stability of the moving automobile. The friction must not go beyond aparticular limit as it will
cause wastage of power output from the engine and loss of moneyin the form of wastage of fuel.
The tyres also absorb the vibrations due to the uneven road surface. The road may bedry
or wet, it may be a concrete road, or may be paved with gravel or asphalt. Sometimesautomobile
may be required to move on a ‘kachcha’ road. The tyres must be capable ofproviding stability to
the automobile in all these varying conditions.Figure presents a sectioned view of tyre with tube
showing inner details.

Inner most part is the tube. The tyre is griped in the rim as shown. The tyre is
providedwith a steel wire (visible as bead). It is circular and provides shape to the tyre. If the
wirebreaks the shape of the tyre may not remain circular. The side wall of the tyre is neededto be
flexible. The tread is the part which is in contact with the road surface. It is providedwith
grooves and this groove design provides stability to the automobile when it is movingon the wet
surface. Carcass is the inner part of the tyre. It consists of a number of layers.The number of
layers depends upon the load to be carried by the tyre. Each layer comprisesof threads set in
pattern and rubber impregnated upon them. The threads may be made ofcotton, synthetic
material or even metal in the form of metallic wires. On the basis of carcassthe tyres are
classified as bias ply, belted bias ply type or radial ply type.
Tyre with Bias Ply

This is the oldest design in tyres. Cotton thread is placed in such a manner that it formsa
crisscross design. The angle of thread is kept approximately 35° with the centre line of
thetyre.This angle may vary according to design. Lower angle gives stability at high speed butthe
ride becomes harsh. The number of plies depends upon the load to be carried by the
tyre.Generally, these are between 2 and 4.

Tyre with Belted Bias Ply
The pattern of ply is similar to that in tyre with bias ply. Additionally, two or even
morebelts run around the tyre under the tread. This provides better stability to the tread
andenhanced strength to the side walls. Synthetic thread like nylon, rayon, and even steel wiresor
their combinations are used to make plies or belts. They are costlier as compared to biasply tyres
but their life is longer.

Tyre with Radial Ply
Here the cords extend between the two steel wire beads at an angle of 90° to thecenterline
of the tyre. The tyre is provided with two or more layers of inflexible belts underthe tread. The
material for thread varies from synthetic material like rayon or nylon to fibreglass and even steel
wires. This gives better strength to the tread area and flexibility to theside wall. Radial tyres offer
better anti skid property and provide stable ride to the occupantsof the automobile. Also while
cornering, the radial tyres provide better stability as comparedto bias ply tyres. As shown in the
Figure, there is no loss of contact between the tyre treadand road surface in case of radial tyre
whereas the contact between the tread and roadsurface is lost in case of bias ply type tyre.

Tubeless Tyre
These tyres do not have tube inside. The air at high pressure is filled in the tyre itself.It
has got a soft inner lining that prevents the air from leaking. The lining in a puncture freetyre
forms a seal around the object (such as nail) that has entered in the tyre and preventsthe
puncturing of tyre. The sealing material can fill the hole formed when the object (nail)has been
removed. This way no immediate attention is needed to repair the tyre. The tyreis provided with
one way valve that allows the inward entry of the air. A rubber cap abovethe valve also prevents
the leakage of air. The rim is specially designed so that leakage ofair does not occur.
Figure presents the cut section of a tubeless tyre. The carcass consists of layers orplies of
rubber impregnated cords. The number of plies may be 2, 4 or even high dependingupon the load
on the tyre. The tread is the uppermost portion of the tyre. It remains incontact with road surface.
The grooves provided on the tread provide stability to the automobileparticularly when the road
surface becomes wet or slippery. Some small cuts areprovided into the ribs of the tread. These
open as the tyre flexes on the road and providestability to the automobile during motion. The
sidewalls have thinner cross-sectional areaand provide flexibility to tyre.
The steel wire bead provides grip between rim and the tyreand also gives circular shape
to the tyre. Cords used in the plies are made of rayon, nylon,fiber glass and even steel wires.
Rayon cords have low cost and give comfortable ride but arenot very strong. Nylon cords are
tough. Fiber glass cords are much tougher and give asmooth ride. Steel wire used as cords is
tough but gives slightly rough ride.

Another variant of tyre is ‘run flat’ tyre. It’s side wall has been reinforced. This allowsthe
tyre to maintain its shape even when it has been punctured. The tyre can move througha limited
distance before it becomes flat. But that is enough to avoid an emergency stoppage.
Tread pattern
The tyre is required to grip the road to provide stability to the automobile. It
shouldprovide cushioning from the vibrations due to uneven road surface. Tread pattern plays
avital road in fulfilling these requirements. The tread patterns can be directional, nondirectional,symmetrically designed and asymmetrically designed.
Directional tyre:
It is designed to rotate in a particular direction. It offers good performanceonly when it
rotates in the direction for which it has been designed. If made torotate in other direction its
performance may not be up to the mark. Rear wheels of tractorhave directional tyres.
Non-directional tyre:
It can be made to rotate in any direction. Its performance is notaffected with direction of
rotation.
Tyre with symmetrically designed pattern:
It has symmetric pattern of tread aboutthe centre line of the tyre.
Tyre with asymmetrically designed pattern:

The pattern of the tread in not symmetricalabout the centre line. It is a directional tyre
and provides better grip when theautomobile is moving. The inside half of the pattern help to
achieve better grip during motionon straight path and outside half of the pattern help to achieve
the same during motion onthe curved path.On a wet road surface, the water is required to be
moved away from the tyres. Channelsin treads of the tyre perform this function. Though due to
these channels, the area of contactbetween the tyre and the road surface decreases but they
provide stability to the automobileduring rainy weather conditions.

Inflation pressure
Inflation pressure in the tyre must be at appropriate level. This helps to achieve longer
tyrelife. It provides stability to the automobile. It provides riding comfort and also better fuel
economy.The inflation pressure is specified by the manufacturer of the automobile. If
inflationpressure is less than specified, it causes instability, abnormal tyre wear and enhanced
fuelconsumption. It also causes uneven wearing of the tyre (Figure). If inflation pressureis more
than specified. The central part of the tyre is in contact with the road surface. Thiswill cause
wearing of middle portion of the tyre. More than specified inflation pressure alsocauses tyre
bruising and uncomfortable ride.

Due to the properties of the tube material, the tubes are able to retain the air for a
longtime. That is why; now-a-days it is not essential to check the inflation pressure
frequently.Some automobiles are provided with sensors strapped in centre of the wheel that
senses thetyre pressure. When tyre pressure is reduced the sensor causes illumination of warning
lightin the control panel of the automobile.
Tyre rotation
The front and rear tyres perform differently. This is mainly due to different amount
ofload being taken up by them. Generally, the rear tyres take up more loads as compared tofront
tyres. Due to this, the tyres wear out differently on front and rear side. This unequalwearing of
the tyres causes instability to the automobile. The tyres are required to be rotatedso that these
wears equally. Tyre rotation means that wheel and tyre assemblies are shiftedfrom one end of the
axle to other or from one axle to other. Tyre rotation can be done fora rear wheel drive without
spare tyre as shown in Figures. Tyre rotation forfront wheel drive without spare tyre has been
shown in Figure. Figure shows tyrerotation with spare tyre. It is recommended that spare tyre is
not used as regular tyre.

Tyre re-treading
The tread part of the tyre is in contact with the road surface and wears out with theuse of
tyre. This wearing smoothens the tyre surface which means loss of friction betweentyre and road
surface and instability to the automobile when it moves. This makes the tyreunusable. If wearing
of the tyre is uniform and otherwise the tyre is not damaged it ispossible to get the treads back
through ‘re-treading’. It is possible to have tread part mountedaround the worn tyre through
thermal process where heat is used for this purpose. Recently,with the development of good
quality adhesive it has become possible to just paste the treadportion on the worn tyre. In both
processes, if the tread portion sticks to the worn tyreproperly, the tyre can be used again till the
new tread portion wears out.

5. Applications / Simulation / Related Laboratory example


Remove/refit tyres



Repair punctures



Examine and report on wheels and tyres

6. MCQ- post-test


What is the name of part marked as ‘X’ in the tub tyre?

A : Tube
B: Steel beeds
C: Tread
D: Tyre


What is the name of part marked as ‘X’ in the wheel rim?

A : Valve stem

B : Wheel hub
C : Pressure sensor
D : Beading edge


What is the purpose of spokes provided in the wheel?

A : Provide accurate rounds of rim
B: Distribute pre load evenly
C: Provide directional stability of vehicle
D:Support the chassis frame of vehicle


What is the impact of larger scrub radius?

A : Wear on the outer edge of tyre
B:Unequal braking on the front wheel
C:Wear on the centre part of tyre
D: Bending of steering linkage point


What is the type of defect?

A : Cracked treads
B : Wear on the centre
C : Feather edge
D : Bold spots wear
7. Conclusion


The clear understanding importance of tube and tubeless tyre in the vehicle.



The clear requirement of normal air and nitrogen air in the tyre.
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9. Audio/ video - if any


https://www.youtube.com/watch?v=GfAaQKhgoLw

10. Assignments


What is the use of tyre in automobile industry?



What is the difference and applications of tube and tubeless tyre?
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Suspension systems

1. Aim and Objectives:
Aim : To study about different kinds of suspension systems
Objective :


Identify and describe the types of suspension.



Describe fibre composite spring.



identify air spring suspension system components and explain how they function.



Perform full chassis suspension system alignment.

2. Pre-Test - MCQ type:


Which type of suspension spring can not transfer wheel guidance forces?

A : Helical springs
B : Coil springs
C : Leaf springs
D : Compression springs


What is the advantage of coil spring? |

A : Good load carrying capacity
B : High steering and stability
C : Low space requirement
D : Provide greater pay load


Which type of suspension spring made of fiber glass, laminated and bonded together by
tough polyester resins?

A : Coil springs
B : Multiple leaf springs
C :Monoleaf springs
D :Fiber composite spring



Which type of independent suspension system simple in construction and allow more
deflection of the front wheel without effect on the steering?

A : Torsion bar suspension
B : Strut type suspension
C : Coil spring suspension
D : Conventional suspension


Which type of shock absorber is easy for replacement and handling?

A : Vane type
B : Piston type
C : Mechanical type
D : Telescopic type
3. Prerequisites:


The importance of suspension system needs to be known before the study.

4. Theory Behind:
PRINCIPLES OF SUSPENSION SYSTEMS
Irregularities in the road surface cause shocks and vibrations. If these were
transmitteddirectly to the chassis, the structure would be subjected to excessive vibrations. This
wouldcause discomfort to the occupants of the vehicle, if it is a passenger vehicle and damage
thegoods, if it is a goods carrying vehicle. The suspension system isolates the structure, as faras
possible, from shocks and vibrations due to irregularities in the road surface. Also, itmust be
achieved without affecting the stability, steering control and general handlingqualities of the
vehicle. The first requirement is met by using the flexible elements anddampers, while the
second is achieved by controlling the relative motions between theunsprung mass and the sprung
mass.
The unsprung mass is wheel-and-axle assemblieswhich does not get the benefit of spring
action. The rest of the vehicle, above the wheel andaxle, is the sprung mass as it gets the benefit
of spring action.Figure represents the block diagram of an automobile. The tyres are
representedin the form of spring ST. The blocks above these represent the unsprung mass MUS
whichconsists of axle and wheel assembly. The block above suspension springs, SS represent
thesprung mass MSP which mainly consists of the body of the automobile.

The shock experienced by wheel when it strikes a bump is entirely different from theone
which it experiences while passing through the pot hole. In first case the shock isinfluenced to a
large extent by the geometry of the bump and the vehicle speed while insecond case it is
influenced by the unsprung masses and spring rates apart from the geometryof the pot-hole and
also the vehicle speed. The relative motion between the sprung andunsprung masses is controlled
by using mechanical linkages. These may be a semi-ellipticalspring and shackle or a double
transverse link and anti-roll bar or some other such combinationof mechanisms.
SUSPENSION SYSTEM
Figure, represents a suspension system. It is a modification of figure. Tyresare the part of
an automobile in contact with road surface. These have cushioning effect forsmooth movement
of the vehicle. This cushioning can be represented by springing effect inthe form of spring
ST.The unsprung mass, MUS includes wheel and axle assembly represented by the blockabove
spring ST. Next, there are suspension springs. These are the flexible elements whichisolate the
structure from shock and vibrations. Generally, these are multi-leaf semi-ellipticalsprings.
Stiction and friction are static and dynamic friction forces between leaves.When new, there is a
small difference between these. After sometimes with use, the springbecomes old and rusty, the
difference between the two forces becomes significant.

Due tothis, the small amplitude disturbances cause small deflection. In extreme
conditions, thespring may become so stiff that for small amplitude disturbances it may not
deflect at all.This makes the ride uncomfortable.Dampers are provided alongwith suspension
springs. These reduce the tendency forarriage unit to keep bouncing even after the disturbance
has ceased and also prevent theexcessive bouncing. This occurs due to periodic excitation at a
frequency equal to the naturalfrequency of vibration of the spring-mass system. This natural
frequency is a function of theweight of the sprung mass and the spring rate. The sprung mass,
MSP constitutes mainlythe body of the vehicle and is represented by block in the figure.
The sprung mass and unsprung mass have different frequencies. The sprung mass
willexperience a relatively low frequency of 1 Hz to 1.5 Hz. The unsprung mass experiences
thefrequency of 10-15 Hz which is due to wheel hop. Marginally, the frequency is affected
bysuspension rate but is independent of motion of carriage unit. To minimise the wheel hopthe
unsprung mass should be minimum possible.

An automobile has to be provided with suspension system on both the front and rearsides.
There must be an interaction between the motions of front and rear suspensions. Themagnitude
of interaction depends upon the frequency of disturbances and the naturalfrequencies of the front
and rear suspensions.If the rear suspension has a lower natural frequency than the front, the
pitching motiontends to persist longer. Higher natural frequency of the rear suspension causes
less severethe initial pitching motion. Thus, the natural frequency of the rear suspension is
normallyhigher than that of the front.Before going into the details of rear and front suspension

systems it would be properto know about the details of suspension springs and dampers which
isolate the body of theautomobile from shock and vibrations.
SPRINGS
The necessity and importance of the springs in suspension system could well be
imagined.Considering the movement of the wheel over a bump, it would have risen very rapidly.
Now,without a spring, shock experienced by wheel would have been transmitted completely
tothe carriage unit. This would have been undesirable as it could cause harm to the user.
Withspring in between wheel and carriage unit, and wheel moving over a bump, the spring
wouldget compressed. The force which is required to compress the spring and would be
experiencedby carriage unit, has a very small magnitude.Similarly, considering the situation
when wheel passes through the pot hole.
Thiswould be, as if the wheel is passing through a depression. The relatively light
unsprungmass (consisting of wheel and axle) has quick downward movement. Had there been
nospring the carriage unit too would have moved downwards quickly in the same manner
asunsprung mass causing discomfort. The spring in between the unsprung mass and thecarriage
unit, deflects with small variation in spring force. Thus, the downward movementof carriage unit
is moderate. Sometimes, in case of small pot hole or depression, due toinertia, the downward
movement of carriage unit may not even occur.In case of movement on even surface, the
carriage unit vibrates freely on the springswith small acceleration. Dampers help in rapid
reduction of these vibrations and providecomfortable ride.
In automobiles, different types of springs are used such as laminated or leaf, taperleaf,rubber springs, coil, torsion bar, gas springs and air springs. The choice is based on
cost,capacity to store energy, weight of the suspension system, fatigue life and
requirementregarding location or guidance linkages.Different types of springs have different
capacity to store energy for a particular stresslevel. Each type of spring has particular ratio of
energy storage capacity to its mass. Thegas springs, without ancillary equipment, have very high
energy storage capacity perunitmass. But if weight of the ancillary equipment required is also
considered this becomes low.The ancillary equipment includes compressor, reservoir, pipes,
valves dampers and filtersapart from gas drier and de-icer (needed in specific weather
conditions). In case the automobileis equipped with air brake system some components may be
common between brakesystem and the ancillary equipment.

Leaf Springs
Leaf springs, as the name indicates is in the form of a beam (leaf) simply supported
ateach end having point load at centre. The leaves may be arranged in different ways.
Loadingpattern also varies for different types of leaf springs. In practice, more than one leaf
constitutea spring.
Semi-elliptical Spring
A sheet in the shape of lozenge is taken (Figure) and is cut along the dotted lines.The
innermost strip is numbered as 1. The two leaves adjacent to it above and below arenumbered 2.
These have width equal to half of width of 1. When combined the width of 2becomes equal to
width of 1. The length of 2 is less than that of 1. Next to 2, on both sides,is 3. Again when put
together its width becomes equal to that of 1. The length of 3 is lessthan 2. Similarly there are 4,
5, 6, 7 and 8. When combined, 8 forms the leaf of the shortestlength.All the leaves are put one
above another, generally the longest leaf, 1 at the top andshortest leaf 8, at the bottom. These are
clamped so that they act as a single unit.The leaf spring made, as explained above, will have
uniform bending stress along itslength.
This also provides the optimum use of material. Under deflection, when the stressesin the
outer layer of all the leaves rise to elastic limit, the energy stored in the spring ismuch more as
compared to other springs of same shape. As the stiffness of beam is proportionalto the cube of
its depth multiplied by its width, the leaf springs are more flexible. Thedepth, in the above case,
is that of one leaf only and not of the total depth of assembledSimilarly, considering the situation
when wheel passes through the pot hole. Thiswould be, as if the wheel is passing through a
depression. The relatively light unsprungmass (consisting of wheel and axle) has quick
downward movement. Had there been nospring the carriage unit too would have moved
downwards quickly in the same manner asunsprung mass causing discomfort.
The spring in between the unsprung mass and thecarriage unit, deflects with small
variation in spring force. Thus, the downward movementof carriage unit is moderate. Sometimes,
in case of small pot hole or depression, due toinertia, the downward movement of carriage unit
may not even occur.In case of movement on even surface, the carriage unit vibrates freely on the
springswith small acceleration. Dampers help in rapid reduction of these vibrations and
providecomfortable ride.In automobiles, different types of springs are used such as laminated or

leaf, taper-leaf,rubber springs, coil, torsion bar, gas springs and air springs. The choice is based
on cost,
capacity to store energy, weight of the suspension system, fatigue life and requirementregarding
location or guidance linkages.
Different types of springs have different capacity to store energy for a particular
stresslevel. Each type of spring has particular ratio of energy storage capacity to its mass. Thegas
springs, without ancillary equipment, have very high energy storage capacity per unitmass. But if
weight of the ancillary equipment required is also considered this becomes low.The ancillary
equipment includes compressor, reservoir, pipes, valves dampers and filtersapart from gas drier
and de-icer (needed in specific weather conditions). In case the automobileis equipped with air
brake system some components may be common between brakesystem and the ancillary
equipment.

The variation in length of spring, when deflected upwards is accommodated by
shackle.The shackle can be replaced by a slider block or by shackles made of rubber. The slider
block(Figure) has the ends of two top leaves of spring projected into a slot in the cylinder,
C.Where they are free to slide. Inside the cylinder C, a block in the form of circular shaft
isprovided. It has diameter equal to inner diameter of cylinder and length equal to that

ofcylinder. This block has a slot to accommodate the leaves. Also, it is free to rotate insidethe
cylinder. The leaves can have sliding movement, as shown in the top view of Figureand angular
movement along with block as shown in the front view of the Figure. Thisangular movement is
limited to few degrees which is sufficient. Proper lubrication isprovided for free movement of
block and the spring leaves.

A semi-elliptical spring arrangement is as shown in Figure. As the axle is fixed withthe
help of U-bolts beneath the centre of this spring, the shorter leaves are placed on thelower side.
In case of suspension arrangements, where sprung mass is secured to the centreof springs and the
axles to its outer ends, the shorter leaves are on upper side.

The quarter-elliptical spring is shown in (Figure). It is cantilever multi-leaf springwhich
has its thick end bolted rigidly to the frame. The other end being either pivoted orshackled to the
axle.

Another variant of semi-elliptical spring is full-cantilever spring. It is pivoted at itscentre.
One end of the spring is again pivoted on frame and the other end is either pivotedor shackled to
the axle, depending upon whether or not the spring is to take thrust loadsand guide the axle.
Taper-Leaf Spring
Considering the stress distribution in a semi-elliptical spring, it has been found
thatmaximum stress occurs in the middle portion, near the U-bolt. The U-bolt is provided
nearmiddle portion of the spring and axle is clamped to them. The material of the spring
adjacentto the middle portion experiences the maximum stress. Material in the remaining
portionof the spring is relatively lightly stressed. This brings forth the fact the excessive
materialis being used in the semi-elliptical spring where all the leaves are of the same width.To
avoid this, in early sixties, a modified design of semi-elliptical springs was introduced.
This spring had tapered leaves and therefore it is named as Taper-leaf spring. Also,it is
called parabolic leaf or minimum leaf spring.Considering the design part of leaf spring, for a
maximum permissible stress level andwidth, the stiffness of a semi-elliptical spring is
proportional to nt3, where n is the numberof leaves and t is the thickness of each leaf in mm. If
the number of leaves are reduced byhalf, the corresponding increase in the thickness would be 3
2 i.e., about 1.26. Assume aspring with four leaves of 8 mm thickness each. If the number of
leaves is to be reducedto two, for the same stiffness, from the above expression, the thickness of
each leaf comesout to be 10 mm, when rounded off. This means an increase of 2 mm thickness in
each leaf.But the total thickness of spring is reduced from 32 mm to 20 mm. For efficient
utilisationof material, width could be kept maximum at the centre and tapering could be provided
toeach end. In this manner, the springs weight could be reduced by 30%.
For lighter vehicles, such as car, single leaf spring may be adequate but for heavyvehicles
the spring may have two or three or even bigger number of leaves. If needed, anadditional spring
or helper spring may also be provided (Figure). The main or master leafhas eyes or slider pad at
the ends. Second and third leaves are so shaped that they bear,at ends only, on each other or on

the main leaf. To reduce the inter-leaf friction the spacersmay be provided between these in the
middle portion of spring.

In case, the vehicle rolls, the master leaf may be subjected to shear as well as
torsionalloads. To take up these loads the leaf should have sufficient cross-sectional area. In
otherwords, it should have sufficient thickness. Considering the bending loads, the stress is
afunction of square of the thickness of leaf. Therefore, inverse square law is followed
whileproviding the taper. This type of spring is known as parabolic leaf springs. The leaves of
thespring are provided with tapered width to have sufficient space for tyre (Figure). But ifthe
width is insufficient, the leaves may twist under combined vertical and lateral or torsionloads. It
may also cause instability. All these considerations are essential to decide about thewidth of the
spring, while designing the leaf.

For multi-leaf spring, silico-manganese steel are suitable. These have carbon
contentsvarying from 0.53% to 0.62%, silicon from 1.7% to 2.1% and manganese content

varying from0.7% to 1%. Because, the thickness is very less, the needed 80% martensite
structure at thecentre can be obtained. For higher leaf thickness, up to 28.5 mm, chromium steel,
withcarbon contents varying from 0.6% to 0.9%, is used. For thickness beyond this,
chromiummolybdenumsteel is used. High quality steels are essential for taper-leaf springs. Due
totheir higher yield point (620 N/mm2), weight of the spring can be reduced further.
Surfacestrength of spring remains unaffected as no carburisation occurs in good quality
steel.Corrosion or inter-leaf fretting causes the loss of fatigue strength. To avoid this, scraggingis
done where spring is loaded beyond yield point. This leaves residual compressive stressesin the
surfaces. These surfaces are in tension during deflection. To improve the fatigueresistance, shotpeening is done while the surface is under load. This is also known asstrain-peening.
Rubber Spring
Rubber springs are used in different forms in commercial vehicles. As precise controlof
ride cannot be achieved, which is essential for comfort, these are not suitable for use inpassenger
carrying vehicles.The rubber springs can easily be given a rising rate. For this, their fixing
brackets needbe so designed that initially these are loaded in shear and then progressively
changed tocompression. The reason being that rubber is much stiffer in compression than in
shear.Another advantage is that rubber has best fatigue strength in compression and theworst in
tension. In tension the cracks formed may open up and impurities may go insidethe cracks. There
has to be a check strap or a tie to prevent the tensile loads from acting.The rubber springs do not
require any maintenance which is an advantage.
Coil Springs
Both these types are mainly used in independent suspension systems. Coil springs
arewidely used in live and dead axles both. These occupy lesser space. The coil springs (asshown
in Figure) experience, both, the bending stress and torsion.

TORSION BAR

Torsion bar is located between vehicle frame and lower control arm. It is made of
alloyspring steel which is heat treated. As the wheel moves up the lower end of the control
armmoves up and causes twisting of torsion bar and absorption of shock. The natural resistanceto
twisting restores the bar to original state returning the wheel to road. The torsion barsare prestressed to give them desired fatigue strength. The pre-stressing is directional andtherefore these
areidentified as ‘left’ or ‘right’ so that these can be used on left or right sideof suspension
system. A damper is placed between the lower control arm and frame todampen the twisting
motion of the torsion bar.

The automobiles are provided with suspension systems on both front and rear
side.According to requirements, the design of front suspension system differs from design of
rearsuspension system.
INDEPENDENT FRONT SYSTEM
The design of the front suspension systems is quite complicated. They keep the
wheelsfirmly positioned while allowing them to steer left or right. The front suspension system
alsoabsorbs almost the whole of the braking torque. Therefore it is required to be stable.The
components of independent front suspension systems include coil springs, leafsprings, air
springs, torsion bars and dampers that have already been described. These areassembled in a
particular manner for independent systems.
One of the types of independent system had parallelogram design. The upper and
lowercontrol arms were hinged at the frame and at the top and bottom of spindle support.
Thehinging was done through pins or bushings. These had two control arms of the same
length.This kept the wheel camber constant when vehicle bounced on rough road. In this
design,the limitation was that contact of the tyre surface with road surface was not uniform
andthis caused instability and uneven wearing of the tyre.

Later this design was modified and control arms of different length were provided
onupper and lower side. The upper arm was made short and lower arm was long (Figure).Due to
shorter arm done by upper arm the top of wheel moved in and out slightly butprovided a uniform
tyre surface contact with road surface. The steering control was alsoimproved in this design.
INDEPENDENT REAR SUSPENSION SYSTEM
The independent suspension systems provide better traction and comfortable ride. Thisis
because the wheels move separately on the road. In these systems, A-shaped control armsare
used. These control arms can be placed differently. One of the arrangement has the apexof Ashaped control arm pointing towards the rear of the car (Figure). These are knownas trailing
arms. In another arrangement, the A-shaped control arm is mounted at an angleand are known as
semi-trailing control arms (Figure). Coil springs are used above thecontrol arms and support the
vehicle body. The damper is connected to spindle or sometimescontrol arms. The semi-trailing
arms with lateral links also control the wheel angles.

Some modified designs of independent rear suspensions, use lower control arm. It
hasopen driving axle. There is cross member provided that supports the control arms. Theupper
ends of dampers are mounted to the body of the vehicle. There are coil springsprovided between
the top and the bottom cross members.In some other designs, upper end control arms are
replaced by a wishbone shaped subframe.There are no control arms at the top. There are two
torque arms that transfer therear end torque to wishbone shaped sub-frame. In some cases, the
dampers have been
replaced by struts (Figure). Here, the rear wheel, rear ends of the tie rods, outer endsof two
control arms and strut are secured through a spindle. The control arms have smallbushings at the
end which is connected to the body centre line and the end with largerbushings is connected to
the spindle. This is known as MacPherson strut system.

In a further modification, another system was designed that was readily adapted by
thevehicles with front wheel drive. Here, the coil spring is mounted between the lower

controlarm and side rail. The spindle supports the rear wheels and also acts as a location
whereouter ends of the control arm and rear ends of the tie-rod are attached. Chapman strut
findsplace in some designs instead MacPherson strut. This strut is not directly involved
invehicle’s steering system. It can be used with conventional leaf springs. Chapman strut doesnot
carry any load and acts as damper also.
SEMI-INDEPENDENT REAR SUSPENSION SYSTEMS
In this system, there is a cross member running between two trailing arms. As thewheels
move up or down the cross member twists. This twisting action causes semiindependentsuspension movements. The cross member also acts as stabilizer. In this system,
both therear wheels are suspended independently by coil springs. There is a coil spring and
damperstrut assembly. The bottom of the strut is mounted to the rear end of the trailing arm
whilethe top end is mounted to the fender panel. The arms and struts keep the fore and aft
andlateral position of wheels. The arms and strut take up braking torque. To reduce the
sidewaysmovement of axle a tracking bar is used. The system is represented in Figure.

5. Applications / Simulation / Related Laboratory example


The assembly of leaf spring and shock absorber to be done in the laboratory.

6. MCQ- post-test


What is the type of leaf spring?

A : Quarter elliptical spring
B : Transverse spring
C : Semi elliptical spring
D : Full elliptical spring


What is the type of leaf spring?

A : Semi elliptical spring
B : Quarter elliptical spring
C : Three elliptical spring
D : Transverse spring


What is the name of part marked as ‘X’ in the coil spring suspension?

A : Torsion bar
B :Stabiliser bar
C : Control arm
D : Coil spring


What is the type of shock absorber?

A :Vane type
B: Piston type
C :Telescopic type
D :Mechanical type


In which type of suspension system kingpin is attached directly to the cross member of the
frame?

A : Wishbone type
B: Macpherson sturt type
C : Vertical guide type
D : Swing half axle
7. Conclusion


The suspension system provides the energy to a vehicle to protect itself from damaging,
increasing life of the vehicle, handing and comfort of passengers and many more
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9. Audio/ video - if any



https://www.youtube.com/watch?v=AVsBgoU88MU

10. Assignments


How the electronic suspension system works, explain with suitable example.



What is meant by damper, explain the types with suitable example.
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Braking system

1. Aim and Objectives:
Aim : To recognize the need for break within a vehicle braking system.
Objective :
 Identify the location of a brake basis valve.
 Describe brake design requirements.
 Explain how a braking system is operated
 Evaluate its performance on the vehicles braking system
2. Pre-Test - MCQ type:


The rate at which the braking system wild bring the vehicle to the stationary position from a
given speed is known as ------------------------

a) Torque
b) brake efficiency
C ) none of these
d) all of these


The maximum brake efficiency is ----------------

a) 50%
b) 80%
c) 70%
d) none of these


The mechanical brakes are used in --------------

a) Cars
b) Mopeds
c) Buses

d) None of these


Hand brakes are also called as -------

a) Rear breaks
b) parking brakes
c) None of these
d) All of these


Hydraulic brake works based on the principle of

a) Ohm’s Law
b) Pascal Law
c) Newton Law
d) All of them
3. Prerequisites:


The importance of braking system in the automobile sector.

4. Theory Behind:
Introduction
A brake is a mechanical device which inhibits motion, slowing or stopping a moving
objector preventing its motion. The rest of this article is dedicated to various types of vehicular
brakes.Most commonly brakes use friction between two surfaces pressed together to convertthe
kinetic energy of the moving object into heat, though other methods of energy conversion maybe
employed. For example regenerative braking converts much of the energy to electrical
energy,which may be stored for later use. Other methods convert kinetic energy into potential
energy insuch stored forms as pressurized air or pressurized oil. Eddy current brakes use
magnetic fields to
convert kinetic energy into electric current in the brake disc, fin, or rail, which is converted into
heat.
Still other braking methods even transform kinetic energy into different forms, for
examplebytransferring the energy to a rotating flywheel.Brakes are generally applied to rotating
axles or wheels, but may also take other forms suchas the surface of a moving fluid (flaps
deployed into water or air). Some vehicles use a combinationof braking mechanisms, such as
drag racing cars with both wheel brakes and a parachute, orairplanes with both wheel brakes and

drag flaps raised into the air during landing.Since kinetic energy increases quadratically with
velocity, an objectmoving at 10 m/s has 100 times as much energy as one of the same mass
moving at 1 m/s, andconsequently the theoretical braking distance, when braking at the traction
limit, is 100 times aslong.
In practice, fast vehicles usually have significant air drag, and energy lost to air drag
risesquickly with speed. Almost all wheeled vehicles have a brake of some sort. Even
baggagecarts and shopping carts may have them for use on a moving ramp. Most fixed-wing
aircraft arefitted with wheel brakes on the undercarriage. Some aircraft also feature air brakes
designed toreduce their speed in flight.Notable examples include gliders and some World War IIera aircraft, primarily some fighteraircraft and many dive bombers of the era. These allow the
aircraft to maintain a safe speed in asteep descent. The Saab B 17 dive bomber and Vought F4U
Corsair fighter used the deployedundercarriage as an air brake. Friction brakes on automobiles
store braking heat in the drumbrake or disc brake while braking then conduct it to the air
gradually. When traveling downhill somevehicles can use their engines to brake.
When the brake pedal of a modern vehicle with hydraulic brakes is pushed, ultimatelya
piston pushes the brake pad against the brake disc which slows the wheel down. On the
brakedrum it is similar as the cylinder pushes the brake shoes against the drum which also slows
thewheel down. Brakes may be broadly described as using friction, pumping, or electromagnetic.
Onebrake may use several principles: for example, a pump may pass fluid through an orifice to
createfriction: Frictional brakes are most common and can be divided broadly into "shoe" or
"pad" brakes,using an explicit wear surface, and hydrodynamic brakes, such as parachutes,
which use friction in aworking fluid and do not explicitly wear. Typically the term "friction
brake" is used to meanpad/shoe brakes and excludes hydrodynamic brakes, even though
hydrodynamic brakes usefriction.
Friction (pad/shoe) brakes are often rotating devices with a stationary pad and a
rotatingwear surface. Common configurations include shoes that contract to rub on the outside of
a rotatingdrum, such as a band brake; a rotating drum with shoes that expand to rub the inside of
a drum,commonly called a "drum brake", although other drum configurations are possible; and
pads that
pinch a rotating disc, commonly called a "disc brake".Other brake configurations are used, but
less often. For example, PCC trolley brakes includea flat shoe which is clamped to the rail with

an electromagnet; the Murphy brake pinches a rotatingdrum, and the Ausco Lambert disc brake
uses a hollow disc (two parallel discs with a structuralbridge) with shoes that sit between the disc
surfaces and expand laterally. Pumping brakes are oftenused where a pump is already part of the
machinery. For example, an internal-combustion pistonmotor can have the fuel supply stopped,
and then internal pumping losses of the engine create somebraking. Some engines use a valve
override called a Jake brake to greatly increase pumping losses.
Pumping brakes can dump energy as heat, or can be regenerative brakes that recharge
apressurereservoir called a hydraulic accumulator.Electromagnetic brakes are likewise often used
where an electric motor is already part of themachinery. For example, many hybrid
gasoline/electric vehicles use the electric motor as a generatorto charge electric batteries and also
as a regenerative brake. Some diesel/electric railroadlocomotives use the electric motors to
generate electricity which is then sent to a resistor bank anddumped as heat.
Types of Braking system in Automobile;


By applications –
1. Foot Brake,
2. Hand brake.



By Method of power –
1. Mechanical brake,
2. Hydraulic brake.
3. Vacuum brake,
4. Electrical brake and
5. Air brake.



By method of operations –
1. Manual brake,
2. Servo brake.
3. Power operation.



By construction –
1. Drum type brake,
2. Disc type brake.

Anti-lock braking system (ABS)

Anti-lock braking system (ABS) is an automobile safety system that allows the wheels
ona motor vehicle to maintain tractive contact with the road surface according to driver
inputswhile braking, preventing the wheels from locking up (ceasing rotation) and avoiding
uncontrolledskidding. It is an automated system that uses the principles of threshold braking and
cadencebraking which were practiced by skillful drivers with previous generation braking
systems. It doesthis at a much faster rate and with better control than a driver could manage.ABS
generally offers improved vehicle control and decreases stopping distances on dry andslippery
surfaces for many drivers; however, on loose surfaces like gravel or snow-coveredpavement,
ABS can significantly increase braking distance, although still improving vehicle control.Since
initial widespread use in production cars, anti-lock braking systems have evolvedconsiderably.
Recent versions not only prevent wheel lock under braking, but also electronicallycontrol the
front-to-rear brake bias. This function, depending on its specific capabilities andimplementation,
is known as electronic brake force distribution(EBD), traction control system,emergency brake
assist, or electronic stability control(ESC).
Operation
The anti-lock brake controller is also known as the CAB (Controller Anti-lock
Brake).Typically ABS includes a central electronic control unit (ECU), four wheel speed
sensors,and at least two hydraulic valves within the brake hydraulics. The ECU constantly
monitorsthe rotational speed of each wheel; if it detects a wheel rotating significantly slower than
the others,a condition indicative of impending wheel lock, it actuates the valves to reduce
hydraulic pressure tothe brake at the affected wheel, thus reducing the braking force on that
wheel; the wheel then turnsfaster.Conversely, if the ECU detects a wheel turning significantly
faster than the others, brakehydraulic pressure to the wheel is increased so the braking force is
reapplied, slowing down thewheel.
This process is repeated continuously and can be detected by the driver via brake
pedalpulsation. Some anti-lock systems can apply or release braking pressure 15 times
persecond. Because of this, the wheels of cars equipped with ABS are practically impossible to
lockeven during panic braking in extreme conditions.The ECU is programmed to disregard
differences in wheel rotative speed below a criticalthreshold, because when the car is turning, the
two wheels towards the center of the curve turnslower than the outer two. For this same reason, a
differential is used in virtually all roadgoingvehicles. If a fault develops in any part of the ABS, a

warning light will usually be illuminated onthe vehicle instrument panel, and the ABS will be
disabled until the fault is rectified.
Modern ABS applies individual brake pressure to all four wheels through a control
system ofhub-mounted sensors and a dedicated micro-controller. ABS is offered or comes
standard on mostroad vehicles produced today and is the foundation for electronic stability
control systems, which arerapidly increasing in popularity due to the vast reduction in price of
vehicle electronics over theyears.Modern electronic stability control systems are an evolution of
the ABS concept. Here, aminimum of two additional sensors are added to help the system work:
these are a steering
wheel angle sensor, and a gyroscopic sensor. The theory of operation is simple: when the
gyroscopicsensor detects that the direction taken by the car does not coincide with what the
steering wheelsensor reports, the ESC software will brake the necessary individual wheel(s) (up
to three with themost sophisticated systems), so that the vehicle goes the way the driver intends.
The steering wheelsensor also helps in the operation of Cornering Brake Control (CBC),
since this will tell the ABSthat wheels on the inside of the curve should brake more than wheels
on the outside, and by howmuch.ABS equipment may also be used to implement a traction
control system (TCS) onacceleration of the vehicle. If, when accelerating, the tire loses traction,
the ABS controller candetect the situation and take suitable action so that traction is regained.
More sophisticated versionsof this can also control throttle levels and brakes simultaneously.
Components of ABS
There are four main components of ABS:


Speed sensors,



Valves,



Pump, and



Controller.

There are many different variations and control algorithms for use in ABS. One of
thesimpler systems works as follows,The controller monitors the speed sensors at all times. It is
looking for decelerations in thewheel that are out of the ordinary. Right before wheel locks up, it
will experience a rapiddeceleration.If left unchecked, the wheel would stop much more quickly
than any car could. It might takea car five seconds to stop from 60 mph (96.6 km/h) under ideal
conditions, but a wheel that locks upcould stop spinning in less than a second.The ABS

controller knows that such a rapid deceleration is impossible, so it reduces thepressure to that
brake until it sees an acceleration, then it increases the pressure until it sees thedeceleration
again. It can do this very quickly, before the tire can actually significantly changespeed. The
result is that the tire slows down at the same rate as the car, with the brakes keeping thetires very
near the point at which they will start to lock up. This gives the system maximum brakingpower.
This replaces the need to manually pump the brakes while driving on a slippery or a
lowtraction surface, allowing steering even in the most emergency braking conditions.When the
ABS is in operation the driver will feel a pulsing in the brake pedal; this comesfrom the rapid
opening and closing of the valves. This pulsing also tells the driver that the ABS hasbeen
triggered. Some ABS systems can cycle up to 16 times per second.
Hydraulic braking system
The disc brake or disk brake is a device for slowing or stopping the rotation of a
wheelwhileit is in motion. A brake disc (or rotor in U.S. English) is usually made of cast iron,
but may in somecases be made of composites such as reinforced carbon-carbon or ceramicmatrix composites.This is connected to the wheel and/or the axle. To stop the wheel, friction
material in theform of brake pads (mounted on a device called a brake caliper) is forced
mechanically,hydraulically, pneumatically or electromagnetically against both sides of the disc.
Friction causes
the disc and attached wheel to slow or stop. Brakes (both disc and drum) convert motion to heat,
butif the brakes get too hot, they will become less effective because they cannot dissipate enough
heat.This condition of failure is known as brake fade.
Construction of Braking system;
The most common arrangement of hydraulic brakes for passenger vehicles, motorcycles,
scooters, and mopeds, consists of the following:
 Brake pedal or lever
 A pushrod (also called an actuating rod)
 A master cylinder assembly containing a piston assembly
 Reinforced hydraulic lines
Brake caliper assembly usually consisting of one or two hollow aluminum or chromelated

steel pistons (called caliper pistons), a set of thermally conductive brake pads and a rotor
(alsocalleda brake disc) or drum attached to an axle.The system is usually filled with a glycolether based brakefluid (other fluids may also be used).At one time, passenger vehicles commonly
employed drum brakes on all four wheels. Later,disc brakes were used for the front and drum
brakes for the rear. However disc brakes have shownbetter heat dissipation and greater resistance
to 'fading' and are therefore generally safer than drumbrakes. So four-wheel disc brakes have
become increasingly popular, replacing drums on all but themost basic vehicles.
Many two-wheel vehicle designs, however, continue to employ a drum brakefor the rear
wheel.The following description uses the terminology for and configuration of a simple. In a
hydraulic brake system, when the brake pedal is pressed, a pushrod exerts force on thepiston(s)
in the master cylinder, causing fluid from the brake fluid reservoir to flow into a
pressurechamber through a compensating port. This results in an increase in the pressure of the
entirehydraulic system, forcing fluid through the hydraulic lines toward one or more calipers
where it actsupon one or two caliper pistons sealed by one or more seated O-rings (which
prevent leakage of thefluid).
The brake caliper pistons then apply force to the brake pads, pushing them against
thespinning rotor, and the friction between the pads and the rotor causes a brakingtorque to
begenerated, slowing the vehicle. Heat generated by this friction is either dissipated through
vents andchannels in the rotor or is conducted through the pads, which are made of specialized
heat-tolerantmaterials such as kevlarorsintered glass.Subsequent release of the brake pedal/lever
allows the spring(s) in my master cylinderassembly to return the master piston(s) back into
position. This action first relieves the hydraulicpressure on the caliper, then applies suction to the
brake piston in the caliper assembly, moving itback into its housing and allowing the brake pads
to release the rotor.The hydraulic braking system is designed as a closed system: unless there is a
leak in thesystem, none of the brake fluid enters or leaves it, nor does the fluid get consumed
through use.

Pneumatic braking system
An air brake or, more formally, a compressed air brake system, is a type of friction
brakeforvehicles in which compressed air pressing on a piston is used to apply the pressure to the
brake
pad needed to stop the vehicle.Air brakes are used in large heavy vehicles, particularly those
having multiple trailers whichmust be linked into the brake system, such as trucks, buses,
trailers, and semi-trailers in addition totheir use in railroad trains.George Westinghouse first
developed air brakes for use in railway service. He patented asafer air brake on March 5, 1872.
Westinghouse made numerous alterations to improve his airpressured brake invention, which led
to various forms of the automatic brake. In the early 20thcentury, after its advantages were
proven in railway use, it was adopted by manufacturers of trucksand heavy road vehicles.
Construction of Braking system;
Air brake systems are typically used on heavy trucks and buses. The system consists
ofservice brakes, parking brakes, a control pedal, and an air storage tank. For the parking brake,
there
is a disc or drum brake arrangement which is designed to be held in the 'applied' position by
spring
pressure.Air pressure must be produced to release these "spring brake" parking brakes. For the
servicebrakes (the ones used while driving for slowing or stopping) to be applied, the brake pedal

is pushed,routing the air under pressure (approx 100–120 psi or 690–830 kPa) to the brake
chamber, causingthe brake to be engaged. Most types of truck air brakes are drum brakes, though
there is anincreasing trend towards the use of disc brakes in this application. The air compressor
draws filteredair from the atmosphere and forces it into high-pressure reservoirs at around 120
psi (830 kPa).
Most heavy vehicles have a gauge within the driver's view, indicating the availability of
airpressure for safe vehicle operation, often including warning tones or lights. Setting of
theparking/emergency brake releases the pressurized air in the lines between the compressed air
storagetank and the brakes, thus allowing the spring actuated parking brake to engage. A sudden
loss of airpressure would result in full spring brake pressure immediately.A compressed air brake
system is divided into a supply system and a control system. The supplysystem compresses,
stores and supplies high-pressure air to the control system as well as toadditional air operated
auxiliary truck systems (gearbox shift control, clutch pedal airassistance servo, etc.).

Highly simplified air brake diagram on a commercial road vehicle (does not show all
airreservoirs and all applicable air valves). The air compressor is driven by the engine eitherby
crankshaft pulley via a beltor directly from the engine timing gears. It is lubricated and cooled by
the engine lubrication and cooling systems.Compressed air is first routed through a cooling coil
and into an air dryer which removesmoisture and oil impurities and also may include a pressure
regulator, safety valve and smaller purgereservoir. As an alternative to the air dryer, the supply
system can be equipped with an anti-freezedevice and oil separator. The compressed air is then
stored in a reservoir (also called a wet tank)from which it is then distributed via a four way

protection valve into the front and rear brake circuitair reservoir, a parking brake reservoir and an
auxiliary air supply distribution point. The system alsoincludes various check, pressure limiting,
drain and safety valves.Air brake systems may includea wig wag device which deploys to warn
the driver if the system air pressure drops too low.
Control system
The control system is further divided into two service brake circuits: the parking
brakecircuit and the trailer brake circuit. This dual brake circuit is further split into front and rear
wheel
circuits which receive compressed air from their individual reservoirs for added safety in case of
anair leak. The service brakes are applied by means of a brake pedal air valve which regulates
bothcircuits.The parking brake is the air operated spring brake type where its applied by spring
force inthe spring brake cylinder and released by compressed air via hand control valve. The
trailer brakeconsists of a direct two line system: the supply line (marked red) and the separate
control or serviceline (marked blue). The supply line receives air from the prime mover park
brake air tank via a parkbrake relay valve and the control line is regulated via the trailer brake
relay valve. The operatingsignals for the relay are provided by the prime mover brake pedal air
valve, trailer service brakehand control (subject to a country's relevant heavy vehicle legislation)
and the prime mover parkbrake hand control.
POWER BRAKES
Power brakes or power assisted brakes were first utilized in heavy vehicles to helpdriver
to have better control on the motion of the vehicle. The force required on the brakepedal to slow
down or stop the vehicle is reduced. Later, these have been used in automobilesalso. Brake
boosters are incorporated in the system for this purpose.

Drum Brakes
Drum brakes are classified as Leading-trailing drum brakes and Duo-servo drum brakes.
Leading-trailing drum brakes
The two return springs hold the brake shoes that are pivoted at one end. When brakepedal
is pressed, the piston in the wheel cylinder moves outward and causes the movementof brake
shoes towards the rim against the force of return springs. After the force is releasedfrom the
brake pedal the brake shoes move back to original position where there is nofrictional contact
between these and the rim. It is very essential because if there is even aslight contact between the
two frictional resistance would exist. The engine would have toexert unnecessarily to overcome
this frictional resistance. The friction between leading shoeand drum tends to rotate the shoe with
drum. This forces the bottom of the shoe against theanchor pin. The leading shoe does most of
the braking and therefore wears out fast. Fortrailing shoe, the drum rotation tends to force shoe
away from the drum. The trailing shoetherefore wears less. When the vehicle is moving in the
reverse direction and brakes areapplied, the leading shoe becomes trailing shoe and vice versa.

5. Applications / Simulation / Related Laboratory example


To simulate the braking system used in the vehicles.

6. MCQ- post-test


Now a days drum brake used only in ---------------------

a) Front wheel
b) Rear Wheel
c) Both A&B
d) All of them


When the brake is applied , the all under pressure from the -------------------

a) Master Cylinder
b) Wheel Cylinder

c) None of these
d) All of them


What is the name of power assisted servo brake?

A : Vacuum suspended power brakes
B : Air suspended power brakes
C : Vacuum assisted power brakes
D : Electro hydraulic brake system


Power braking require much --------------------effort to apply .

a) Medium Pedal
b) Less Pedal
c) More Pedal
d) None of these


ABS stops the wheels from locking which happens-------------------------------------

a) When the vehicle is over braked
b) when the vehicle is over steered
c) When the vehicle is stopped
d) All of them
7. Conclusion



A brake is a mechanical device that inhibits motion by absorbing energy from a moving
system. It is used for slowing or stopping a moving vehicle, wheel, axle, or to prevent its
motion, most often accomplished by means of friction.
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9. Audio/ video - if any


https://www.youtube.com/watch?v=82qBBJ8iwcc

10. Assignments


Describe briefly about the drum brake and disc brake system?



What is meant by ABS and explain with an suitable real time example.

SRI CHANDRASEKHARENDRA SARASWATHI VISWA MAHA VIDYALAYA
(University Established under section 3 of UGC Act, 1956)
DEPARTMENT OF MECHANICAL ENGINEERING
Name of the Course

:

Automobile Engineering

Name of the unit

:

ALTERNATIVE ENERGY SOURCES

Topic – Title

:

Natural gas and LPG

1. Aim and Objectives:
Aim: To improve the quality of natural gas LPG in terms of corrosive activity.
Objective:
 Outlines the hazards of liquefied petroleum gas.
 Understand the proper method of charging and liquefied petroleum tank and safety
precautions to follow.
2. Pre-Test - MCQ type:


Which of the following is the major constituent of natural gas?

a) Methane
b) Ethane
c) Butane
d) Propane


What is octane number of natural gas?

a) 60-80
b) 80-100
c) >100
d) <60


Natural gas emits higher levels of harmful byproducts into the air than other fossil fuels.

a. True
b. False


Natural gas is made up almost entirely of what chemical compound?

a. Ethane
b. Methane
c. Chlorine
d. Benzene


Propane is typically used for fuel as an injection vapor or in liquid form:

True
False
3. Prerequisites:


The basics about the LPG gas in the various applications.

4. Theory Behind:
Natural Gas as a Fuel in Automobile;
A natural gas vehicle (NGV) is an alternative fuel vehicle that uses compressed natural
gas(CNG) or liquefied natural gas (LNG) as a cleaner alternative to other fossil fuels. Natural
gasvehicles should not be confused with vehicles powered by propane(LPG), which is a fuel
with afundamentally different composition. Worldwide, there were 14.8 million natural gas
vehicles by
2011, led by Iran with 2.86 million, Pakistan (2.85 million), Argentina (2.07 million), Brazil
(1.70
million), and India (1.10 million).TheAsia-Pacific region leads the world with 6.8 million NGVs,
followed by LatinAmerica with 4.2 million vehicles. In the Latin American region almost 90%
of NGVs have bi-fuelengines, allowing these vehicles to run on either gasoline or CNG. In
Pakistan, almost every vehicleconverted to (or manufactured for) alternative fuel use typically
retains the capability to run onordinary gasoline.
As of 2009, the U.S. had a fleet of 114,270 compressed natural gas (CNG) vehicles,
mostlybuses; 147,030 vehicles running on liquefied petroleum gas (LPG); and 3,176 vehicles
liquefiednatural gas (LNG). Other countries where natural gas-powered buses are popular
includeIndia, Australia, Argentina, and Germany. In OECD countries there are around 500,000
CNGvehicles. Pakistan's market share of NGVs was 61.1% in 2010, follow by Armenia with
32%,and Bolivia with 20%.The number of NGV refueling stations has also increased, to
18,202worldwide as of 2010, up 10.2% from the previous year.

Existing gasoline-powered vehicles may be converted to run on CNG or LNG, and can be
dedicated (running only on natural gas) or bi-fuel (running on either gasoline or natural gas.

Dieselengines for heavy trucks and busses can also be converted and can be dedicated
with the addition ofnew heads containing spark ignition systems, or can be run on a blend of
diesel and natural gas, withthe primary fuel being natural gas and a small amount of diesel fuel
being used as an ignition source.An increasing number of vehicles worldwide are being
manufactured to run on CNG. Untilrecently, theHonda Civic GX was the only NGV
commercially available in the US market., howevernow Ford, GM and Ram have bi-fuel
offerings in their vehicle lineup. Fords approach is to offer abi-fuel prep kit as a factory option,
and then have the customer choose an authorized partner toinstall the natural gas equipment.
In 2006 the Brazilian subsidiary of FIAT introduced the Fiat Siena Tetra fuel, a four-fuel
cardeveloped under Magneti Marelli of Fiat Brazil. This automobile can run on natural gas
(CNG);100% ethanol (E100); E20 to E25 gasoline blend, Brazil's mandatory gasoline; and pure
gasoline,though no longer available in Brazil it is used in neighboring countries.NGV filling
stations can be located anywhere that natural gas lines exist. Compressors(CNG) or liquifaction
plants (LNG) are usually built on large scale but with CNG small homerefueling stations are
possible. A company called FuelMaker pioneered such a system called PhillHome Refueling
Appliance (known as "Phill"), which they developed in partnership with Honda forthe American
GX model. Phill is now manufactured and sold by BRC FuelMaker, a division of FuelSystems

Solutions, Inc.CNG may also be mixed with biogas, produced from landfills or wastewater,
which doesn'tincrease the concentration of carbon in the atmosphere.
Despite its advantages, the use of natural gasvehicles faces several limitations, including
fuel storage and infrastructure available for delivery anddistribution at fueling stations. CNG
must be stored in high pressure cylinders (3000psi to 3600psioperation pressure), and LNG must
be stored in cryogenic cylinders (-260F to -200F).These cylinders take up more space than
gasoline or diesel tanks that can be molded inintricate shapes to store more fuel and use less onvehicle space. CNG tanks are usually located inthe vehicle's trunk or pickup bed, reducing the
space available for other cargo. This problem can besolved by installing the tanks under the body
of the vehicle, or on the roof (typical for busses),leaving cargo areas free.
As with other alternative fuels, other barriers for widespread use of NGVs are natural gas
distribution to and at fueling stations as well as the low number of CNG and LNG stations.
CNGpoweredvehicles are considered to be safer than gasoline-powered vehicles
Liquefied petroleum gas as a Fuel in Automobile;
Liquefied petroleum gas or liquid petroleum gas (LPG or LP gas), also referred to
assimply propane or butane, is a flammable mixture of hydrocarbon gases used as a fuel in
heatingappliances, cooking equipment, and vehicles. It is increasingly used as an aerosol
propellant anda refrigerant, replacing chlorofluorocarbons in an effort to reduce damage to the
ozone layer. WhenPropylene, butylenes and various other hydrocarbons are usually also present
in smallconcentrations. HD-5 limits the amount of propylene that can be placed in LPG to 5%,
and isutilized as an autogas specification. A powerful odorant, ethanethiol, is added so that leaks
can be
detected easily. The international standard is EN 589. In the UnitedStates, tetrahydrothiophene
(thiophane) or amyl mercaptan are also approved odorants, althoughneither is currently being
utilized.

LPG is prepared by refining petroleum or "wet" natural gas, and is almost entirely
derivedfrom fossil fuel sources, being manufactured during the refining of petroleum (crude oil),
orextracted from petroleum or natural gas streams as they emerge from the ground. It was
firstproduced in 1910 by Dr. Walter Snelling, and the first commercial products appeared in
1912. Itcurrently provides about 3% of all energy consumed, and burns relatively cleanly with no
soot andvery few sulfur emissions.As it is a gas, it does not pose ground or water pollution
hazards, but it can cause airpollution. LPG has a typical specific calorific value of 46.1 MJ/kg
compared with 42.5 MJ/kgfor fuel oil and 43.5 MJ/kg for premium grade petrol (gasoline).
However, its energy density pervolume unit of 26 MJ/L is lower than either that of petrol
or fuel oil, as its relative density is lower(about 0.5–0.58, compared to 0.71–0.77 for
gasoline).As its boiling point is below room temperature, LPG will evaporate quickly atnormal
temperatures and pressures and is usually supplied in pressurised steel vessels. They aretypically
filled to 80–85% of their capacity to allow for thermal expansion of the contained liquid.The
ratio between the volumes of the vaporized gas and the liquefied gas varies depending
oncomposition, pressure, and temperature, but is typically around 250:1.
The pressure at which LPG becomes liquid, called its vapour pressure, likewise
variesdepending on composition and temperature; for example, it is approximately 220
kilopascals(32 psi) for pure butane at 20 °C (68 °F), and approximately 2,200 kilopascals (320
psi) forpure propane at 55 °C (131 °F). LPG is heavier than air, unlike natural gas, and thus will
flow alongfloors and tend to settle in low spots, such as basements. There are two main dangers
from this.Thefirst is a possible explosion if the mixture of LPG and air is within the explosive
limits and there isan ignition source. The second is suffocation due to LPG displacing air,

causing a decrease inoxygen concentration.Large amounts of LPG can be stored in bulk
cylinders and can be buried underground. Specifically used as a vehicle fuel it is often referred to
as auto gas.
Varieties of LPG bought and sold include mixes that are primarily propane
(C3H8),primarily butane (C4H10) and, most commonly, mixes including both propane
andbutane. Inwinter, the mixes contain more propane, while in summer, they contain more
butane. In the United
States, primarily two grades of LPG are sold: commercial propane and HD-5. These
specifications
are published by the Gas Processors Association (GPA) and the American Society of Testing and
Materials (ASTM). Propane/butane blends are also listed in these specifications.
Difference Between LPG vs Natural Gas Properties (Propane vs Methane)
The difference between LPG vs natural gas is easiest to see in their physical properties.
Energy content of LPG vs natural gas (93.2MJ/m3 vs 38.7MJ/m3) has LPG with a higher energy
content. LPG is more dense than natural gas, at a specific gravity of 1.5219:1 vs 0.5537:1,
amongst other differences shown below.
LPG vs Natural Gas
Gas Properties

LPG(Propane)

Natural Gas(Methane)

Chemical Formula

C3H8

CH4

Energy Content: MJ/m3

93.2

38.7

Energy Content: Btu/ft3

2572

1011

Energy Content: MJ/kg

49.58

52.5

Boiling Temp: Cº

-42

-161.5

Flame Temp: Cº

1967

1950

Flame Temp: Fº

3573

3542

Gas Volume: m3/kg

0.540

1.499

Specific Gravity

1.5219

0.5537

Density @15ºC: kg/m3

1.899

0.668

5. Applications / Simulation / Related Laboratory example


Natural gas is an ingredient used to make fertilizer, antifreeze, plastics, pharmaceuticals
and fabrics. It is also used to manufacture a wide range of chemicals such as ammonia,
methanol, butane, ethane, propane, and acetic acid.

6. MCQ- post-test


Natural gas is used as a vehicle fuel in what two forms?
A. Cold natural gas (CNG) and hot natural gas (HNG)
B. Solid natural gas (SNG) and liquefied natural gas (LNG)
C. Compressed natural gas (CNG) and liquefied natural gas (LNG)
D. Compressed natural gas (CNG) and expanded natural gas (ENG)



Natural gas under extreme pressure yields compressed natural gas (CNG)
A. True
B. False



Natural gas under very low temperatures results in liquefied natural gas (LNG)
A. True
B. False



Propane is a byproduct of which two activities:
A. Natural gas extraction
B. Earth’s rotation
C. Crude oil refining
D. Soybean processing



Propane must be handled with care because its boiling point is:
A. 212°F
B. 100°F
C. 32°F
D. –44°F



Propane vehicles are classified in two ways:
A. Dedicated and bifuel
B. Committed and bifuel
C. Dedicated and mix use
D. Committed and mix use



What is the major disadvantage of LPG as a fuel in the automobile?
a) Reduction in the life of the engine
b) Less power compared to gasoline
c) Reduction in the life of the engine and less power compared to gasoline
d) Knocking tendency

7. Conclusion


The LPG is used for the automobile vehicle, house hold and other industrial purpose.
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9. Audio/ video - if any


https://www.youtube.com/watch?v=-njmj0diWu8

10. Assignments


How the natural gas and LPG is processed. Explain with suitable flow chart.

SRI CHANDRASEKHARENDRA SARASWATHI VISWA MAHA VIDYALAYA
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DEPARTMENT OF MECHANICAL ENGINEERING
Name of the Course

:
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Name of the unit

:

ALTERNATIVE ENERGY SOURCES

Topic – Title

:

Bio-diesel and Bio-ethanol

1. Aim and Objectives:
Aim :
 To search for cheap and available raw material for the generation of biodiesel that could
substitute the present petroleum based fuels.
 to reduce the usage of petroleum based fuels.
Objective :
 Biodiesel as an alternative fuel without much alternations in existing vehicle
technologies.
 Comparative study with petrol diesel.
 Biodiesel as a fuel and industry for emerging India.
 To determine the optimum parameters for the the fermentation of anhydrous glucose with
yeast.
 To convert carbohydrates, celluloss and glucose from leucaenaleucocephala seeds to
bioethanol ageing optimised conditions.
 To calculate the percentage of bio ethanol.
2. Pre-Test - MCQ type:


Biodiesel can be used in most diesel engines model year 1994 and newer.
A. True
B. False



Biodiesel is carbon-neutral, in that it does not add carbon to the environment; instead, it
takes carbon that is already part of plant and animal matter and neutralizes it.
A. True
B. False



Which of the following statements is not correct with respect to alcohols as alternate fuel?
a. Anti-knock characteristics of alcohol are poor
b. Alcohol contains about half the heat energy of gasoline/liter
c. Alcohol does not vaporize as easily as gasoline
d. Alcohols are corrosive in nature



Why alcohols cannot be used in CI engines?
a. Alcohols have a high self-ignition temperature
b. The latent heat of vaporization is low
c. Alcohols have high self-ignition temperature and low latent heat of
vaporization
d. High efficiency



Why methanol is not used in CI engine?
a) Its octane number is high
b) Its cetane number is low
c) Its octane number is high and the cetane number is low
d) Its octane number is low and the cetane number is high



Ethanol has a positive energy balance; meaning that it produces less energy during
combustion than isused to produce the fuel.
A. True
B. False

3. Prerequisites:


The importance and necessity of biodiesel in the precent scenario need to be known.

4. Theory Behind:
PRESENT SCENARIO


About 20% of the world’s energy consumption is taken by the automobiles. This acts as a
predominant source of emissions.



To meet this demand we should shift to a fuel that is renewable and less polluting one.

Bio diesel as a Fuel in Automobile
Biodiesel and conventional diesel vehicles are one in the same. Although light-, medium,and heavy-duty diesel vehicles are not technically "alternative fuel" vehicles, many are capable
of
running on biodiesel. Biodiesel, which is most often used as a blend with regular diesel fuel, can
beused in many diesel vehicles without any engine modification. The most common biodiesel
blend isB20, which is 20% biodiesel and 80% conventional diesel. B5 (5% biodiesel, 95%
diesel) is alsocommonly used in fleets.
Before using biodiesel, be sure to check your engine warranty to ensure that higherlevelblends (all OEMs accept the use of B5 and many accept the use of B20) of this alternative
fuel don'tvoid or affect it. High-level biodiesel blends (blends over B20) can have a solvency
effect in enginesand fuel systems that previously used petroleum diesel which may result in
degraded seals andclogged fuel filters.Biodiesel improves fuel lubricity and raises the cetane
number of the fuel. Diesel enginesdepend on the lubricity of the fuel to keep moving parts from
wearing prematurely. Federalregulations have gradually reduced allowable fuel sulfur to only 15
parts per million, which hasoften resulted in lowered aromatics content in diesel fuel. One
advantage of biodiesel is that it canimpart adequate lubricity to diesel fuels at blend levels as low
as 1%.Biodiesel is monoalkyl ester of long chain fatty acids produced from the Trans-

esterification reaction of vegetable oil with alcohol in the presence of catalyst & can be used as
fuel.
SOURCE OF BIODIESEL

WHY VEGETABLE OIL?
 Decreasing reserves, unstable supplies from Petroleum Industries
 Vegetable oils are renewable from inexhaustible sources of energy
 Easily produced in rural areas
 Country like India has strong agricultural base and possible to produce massively at
cheaper cost
 To clean environment
 Vegetable oil properties are comparable to diesel
PROPERTIES OF VEGETABLE OILS
 Density slightly higher
 Calorific value slightly lower
 Viscosity at room temperature is much higher
 CN slightly higher
 Flash point is very high
 Volatility is quite low
 Carbon residue is very high
METHODS USED FOR VEGETABLE OILS IN DIESEL ENGINE
 Heating
 Thermal cracking (breakdown the heavy molecules of oils into lighter one)

 Pyrolysis
 Transesterification
TRANSESTERIFICATION
 Transesterification is to make glycerol esters into alcohol esters in presence of catalyst.
 Finally, alcohol ester (bio-diesel) and pure glycerin (by-product used in soaps and other
products) are obtained.
NEED FOR ALCOHOL
 Availability of Ethanol
 Reduction of NOx and smoke emissions
 Foreign exchange savings
 Renewable made from plants
ALCOHOL FUELS
 Both Ethanol & Methanol can be used as an alternate automotive fuel.
 Ethanol is better than Methanol, since it can be obtained from sugar/starch in crops.
 It can also be produced from sugarcane and sugar beets.
 Even Butanol can be used.
 Obtained from fermentation of plants.
PROPERTIES OF ALCOHOL
 High latent heat
 High volumetric efficiency
 Better oxidation
 Lower cetane number (< 10)
 High octane number (>100)
 Low flash and fire point
 Lower heating value (CH3OH ≈19 MJ/kg, C2H5OH ≈ 27 MJ/kg)
ALCOHOL IN GASOLINE ENGINE

(a) Alcohols: These include methanol (methyl alcohol), ethanol (ethyl alcohol), propanol (propyl
alcohol), butanol (butyl alcohol) as compounds


The OH group which replaces one of the H atoms in an alkane, gives these compounds
their characteristic properties



Specific heating value is lower than gasoline (42 – 43 MJ/kg)



methanol (19.7 MJ/kg) and ethanol (26.8 MJ/kg)



For air-fuel mixture SHV is comperable with gasoline (MJ/kg-mixture at stoichiometric
mixtures)



Other alcohol groups such as dihydric and trihydric alcohols are not used as a fuel in IC
engines

(i) Methanol


Can be obtained from natural gas – has near and long-term potential



Has high octane quality (130 RON, 95 MON)



Can be used in low-concentration (5-15 %) in gasoline to increase octane number of the
mixture Problems;



Poor solubility in gasoline, toxicity, low energy content (about half of gasoline), high
latent heat of vaporization and oxygen content



Contribute to poor driveability, incompatibility with some metals

(ii) Ethanol


Produced from biomass



It is made from the sugars found in grains, such as: Corn, Sorghum, and Barley



Other sources of sugars to produce ethanol include: Potato skins, Rice, Sugar cane, Sugar
beets, Yard clippings, Bark, Switch grass etc.



Has high octane number – can be used in low–concentrations in gasoline



Most of the ethanol used in the United States today is distilled from corn



Scientists are working on cheaper ways to make ethanol by using all parts of plants and
trees rather than just the grain.



About 99% of the ethanol produced in the United States is used to make "E10" or
"gasohol," a mixture of 10% ethanol and 90% gasoline.



Any gasoline powered engine can use E10, but only specially made vehicles can run on
E85, a fuel that is 85% ethanol and 15% gasoline

5. Applications / Simulation / Related Laboratory example


Transportation.



Energy Generation.



Provide Heat.



Charging Electronics.



Clean Oil Spills and Grease.



Cooking.



Lubricate.



Remove paint and adhesive.
 The biodiesel production process should be done at laboratory.

6. MCQ- post-test


The “bio” in biodiesel refers to the fact that this fuel:
A. Has a fascinating life story

B. Was developed by biologists
C. Is manufactured from organic materials
D. Was named after actor Scott Baio


Biodiesel can be made from which of the following:
A. New and vegetable oil
B. Soybean oil
C. Animal fat
D. All of above



Biodiesel is used as a blend with conventional diesel. What is the most common blend in the
U.S.?
A. B10 (10% biodiesel, 90% conventional diesel)
B. B20 (20% biodiesel, 80% conventional diesel)
C. B50 (50% biodiesel, 50% conventional diesel)
D. B80 (80% biodiesel, 20% conventional diesel)



What are common ethanol blends in the U.S.?
A. E10 and E100
B. E10 and E85
C. E0 and E85
D. E25 and E75



Which of the following statements is true:
A. Ethanol is produced from renewable resources but is low octane
B. Ethanol is high octane but comes from nonrenewable sources
C. Ethanol comes from nonrenewable sources and is low octane
D. Ethanol comes from renewable sources and is high octane



What percentage of gasoline sold in the U.S. has up to 10% ethanol in it?
A. 97%
B. 85%
C. 50%
D. 12%

7. Conclusion



Biofuels can be used for heating, lighting, power and transport. Wood and grasses are
good biofuels because they grow relatively quickly.



Biodiesel is produced from oil crops, bioethanol is produced from crops with a high sugar
content and biogas is produced from the breakdown of organic matter.
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9. Audio/ video - if any


https://www.youtube.com/watch?v=zj6fDDQrl3w

10. Assignments


How the biodiesel is formed from the vegetable oils or any waste oils. Explain with
suitable flow chart.
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Gasohol and hydrogen in automobiles

1. Aim and Objectives:
Aim


Alternative Fuels Hydrogen Hydrogen is been readily looked at as an alternative for
petrol/diesel. Environmentally friendly fuel, however, there are challenges that stop this
fuel being currently widely used. Hybrid Vehicles.



Alternative Fuels Hydrogen Plus points Produced from several sources No air pollutants
produced Produces only NOX Hydrogen Negative points Expensive Fuel cells can be
expensive Lower energy density then fuel Hybrid Vehicles

Objective


Increase the energy efficiency of production of hydrogen mainly from water
electrolysis and renewable sources while reducing operating and capital costs, so
that the combined system of the hydrogen production and the conversion using the
fuel cell system is competitive with the alternatives available in the marketplace;



Demonstrate on a large scale the feasibility of using hydrogen to support
integration of renewable energy sources into the energy systems, including through
its use as a competitive energy storage medium for electricity produced from
renewable energy sources.

2. Pre-Test - MCQ type:


Why a small amount of gasoline is added to alcohol?
a) To reduce the emission
b) To increase the power output
c) To increase the power efficiency
d) To improve cold-weather starting



What is gasohol?
a) 90% ethanol + 10% gasoline
b) 10% ethanol + 90% gasoline
c) 40% ethanol + 60% gasoline
d) 50% ethanol + 50% gasoline



Which of the following is a disadvantage of hydrogen as a fuel in IC engine?
a) Storage is easy
b) Low NOx emissions
c) Detonating tendency
d) Easy handling



Which of the following is the advantage of the hydrogen as a fuel?
a) High volumetric efficiency
b) Low fuel cost
c) No HC and CO emissions
d) Relatively safe

3. Prerequisites:


The basics about the necessity of hydrogen gas in the automotive sector.

4. Theory Behind:
gasohol
A mixture of petrol (gasoline) and alcohol (i.e. typically ethanol at 10%, or methanol at
3%), used as an alternative fuel for cars and other vehicles in many countries. The ethanol is
obtained as a biofuel by fermentation of agricultural crops or crop residues, for example sugar
cane waste.
gasohol better than gasoline
On the other hand, gasohol can burn in a leaner fuel and air mixture than gasoline, which
offsets the fuel economy problem somewhat. Actual fuel consumption varies from one vehicle to
another, as computerized engine systems burn gasohol more efficiently than those with less
sophisticated engines.

Composition of gasohol
Use as gasoline substituteto the increasing use of gasohol, which is a mixture of 90
percent unleaded gasoline and 10 percent ethanol (ethyl alcohol).
Gasohol energy
E10, once commonly known as gasohol, is a fuel mixture of 10 percent ethanol and 90
percent gasoline that can be used in the internal combustion engine of most modern automobiles
and light-duty vehicles without need for any modification on the engine or fuel system.
Hydrogen:
Clean burning fuel and has the highest energy content per unit mass of any chemical fuels
which can reduce the dependency on hydrocarbon based fuels
Production:
Most common method of producing hydrogen involves splitting water (H2O) into its
component parts of hydrogen (H2) and oxygen (O).
There are different methods to produce hydrogen.
i. Steam reformation or partial oxidation of hydrocarbons such as natural gas, naphtha or
crude oil. It converts methane into hydrogen and carbon monoxide by reaction with steam over a
nickel catalyst.
ii. Coal gasification- Hydrogen made from coal can probably be justified as a fuel for
special applications where the unique characteristics of hydrogen can be put to advantage such as
its weight or its non-polluting characteristics.
iii. Electrolysis- it uses electrical current to split water into hydrogen at the cathode (+)
and oxygen at anode (-) [3].
iv. Thermo chemical method- it utilizes heat to achieve the chemical splitting of water to
its elements without the need for intermediate electricity generation and without the need to use
the extremity high temperature of 2500 °C or more.
v. Photo-electrolysis- it uses sunlight and catalysts to split water. In this method, a current
is generated by exposing on or both electrodes to sunlight. Hydrogen and oxygen gases are
liberated at the 2 electrodes by the decomposition of water. A catalyst may be included to
facilitate the electrode process.

vi. Biological and photo-biological water splitting use sunlight and biological organisms
to split water.
vii. Thermal water splitting uses a very high temperature (approximately 1000 °C) to split
water.
viii. Biomass gasification uses selected microbes to break down a variety of biomass feed
stocks into hydrogen.
Utilization of hydrogen gas:
Hydrogen can be utilized for the following purpose:
i. Residential use- hydrogen can be used in domestic cooking (stoves), radiant space
heaters, electricity for lighting and for operating domestic appliances (e.g. refrigerator) which
could be generated by means of fuel cells, with hydrogen gas at one electrode and air at other.
ii. Industrial use- hydrogen can be used as a fuel or a chemical reducing (i.e. oxygen
removal) agent. It can also be used instead of coal or coal derived gases, to reduce oxide ores
(iron ore) to the material (iron).
iii. Air craft application- The earliest application of liquid hydrogen fuel is expected to be
in a jet air craft. Cold liquid hydrogen can be used directly or indirectly to cool the engine and
the air frame surfaces of a high speed air craft.
iv. Electric power generation- It comprises the production of electricity by using
hydrogen in fuel cell system. Hydrogen could also be used as a means for storing and
distributing electrical energy. The objective of developing fuel cell power stations is to
centralized and local generation of electricity.
v. As an alternative transport fuel- Hydrogen is tried as an alternative fuel in internal
combustion engine. The stoichiometric hydrogen air mixture burns seven times as fast as the
corresponding gasoline air mixture which is a great advantage in internalcombustion engines,
leading to higher engine speeds and greater thermal efficiency. Hydrogen fuel used in IC engines
is in automobiles, buses, trucks and farm machinery.
Methods of using Hydrogen as a fuel in CI engines
i. A mixture of fuel gas and air, with an approximately constant fuel to air ratio is
introduced into the cylinder intake manifold. The engine power is controlled by varying the
quantity of mixture entering the cylinder by means of throttle valve. It is not safe because the
mixture is formed in the manifold.

ii. The hydrogen is injected directly into the engine cylinder through a valve under
pressure and air is inducted through another intake valve. This method is safer one, since
hydrogen and air are supplied separately; an explosive mixture is occurred inside the cylinder
only. The engine power output is controlled by varying the pressure of hydrogen gas from about
14 atm at low power to 70 atm at high power.
iii. During the intake stroke, the hydrogen gas at normal or moderate pressure is drawn
through the throttle valve into the engine cylinder whereas unthrottled air is drawn in through the
intake port. The variation of engine power can be achieved with adjustment of hydrogen inlet
throttle. The changes in fuel proportion as well as power is developed due to supply of un throttle
air and power variation is possible because of the wide composition range over which hydrogenair mixture can be ignited.
Advantages of using Hydrogen fuelled engine
i. It provides high efficiency because it utilizes a higher proportion of the energy in the
fuel.
ii. The amount of carbon monoxide and hydrocarbons in the exhaust is very small since
they are originating only from the cylinder lubricating oil.
iii. It can be easily available because it is produced by electrolysis of water.
iv. Fuel leakage to environment is not pollutant.
Disadvantages of using Hydrogen fuelled engine
i. Due to high heat release the combustion temperature may be high and also a level of
nitrogen oxide is high. It can be reduced by reducing the combustion temperature by injecting
water vapor into the cylinder from the exhaust.
ii. It requires heavy, bulky fuel storage both in vehicle and at the service station.
iii. Difficulty in refuelling and possibility of detonation.
iv. Poor engine volumetric efficiency- gaseous fuel will displace some of inlet air and
poor volumetric efficiency will result.
v. Fuel cost would be high at present day technology.
5. Applications / Simulation / Related Laboratory example


Gasohol A mixture of petrol (gasoline) and alcohol (i.e. typically ethanol at 10%, or
methanol at 3%), used as an alternative fuel for cars and other vehicles in many countries.



The ethanol is obtained as a biofuel by fermentation of agricultural crops or crop
residues, for example sugar cane waste.



Fuel cell vehicles use hydrogen gas to power an electric motor.



Unlike conventional vehicles which run on gasoline or diesel, fuel cell cars and trucks
combine hydrogen and oxygen to produce electricity, which runs a motor.

6. MCQ- post-test


Hydrogen gas has ______________ self-ignition temperature.
a) very low
b) very high
c) no
d) none of the mentioned



The energy content of air hydrogen mixture is _________ than liquid hydrocarbon fuels.
a) lower
b) higher
c) negligible
d) none of the mentioned



Hydrogen has very ______________ density both as gas and as liquid.
a) high
b) low
c) equal
d) none of the mentioned



Hydrogen engine operate on ____________ throttling.
a) very little
b) very high
c) without
d) none of the mentioned



The power output of hydrogen engine is limited by
a) detonation and knocking
b) pre-ignition and back flash

c) pre-ignition and detonation
d) none of the mentioned


Hydrogen gas has less than _______________ the density of air.
a) 1/12th
b) 1/10th
c) 2/3rd
d) 1/3rd

7. Conclusion
i.

Hydrogen production for energy storage and grid balancing from renewable
electricity – including large ‘green’ hydrogen production, storage and reelectrification systems. The initial focus will be on the role hydrogen can play in
the integration of renewable energy sources in the grid.

ii.

Hydrogen production with a low carbon footprint from other resources – whereby
different hydrogen pathways will be developed and if appropriate demonstrated.

iii.

Hydrogen storage, handling and distribution – to allow storage of hydrogen at
central production plant and distribution to the customer base.
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9. Audio/ video - if any


https://www.youtube.com/watch?v=OFByDMRbucs

10. Assignments


How the hydrogen is formulated and describe the necessity of hydrogen fuel cell in the
automobile sector?



What is gasohol and explain its processing method with suitable flow chart?
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Engine modification: Performance, Combustion &
Emission

1. Aim and Objectives:


Generally speaking biodiesel requires much less engine modification than bioethanol.



With some older vehicles rubber seals used in the fuel lines may require replacing with
non-rubber products.



This is due to the way biodiesel reacts with rubber.

2. Pre-Test - MCQ type:


For which of the following engines a prony brake is used to measure brake power?
a) single cylinder engine
b) low speed engine
c) low power engine
d) variable speed engine



___________ is the basic requirement of a good combustion chamber.
a) Low volumetric efficiency
b) High compression ratio
c) Low compression ratio
d) High power output and high thermal efficiency



Maximum torque is generated by an engine when
a) it runs at lowest speed
b) it develops maximum power
c) it consumes maximum fuel
d) it runs at maximum speed



With an increase of the number of cylinders in a multicylinder engine the power to weight
ratio

a) decreases
b) increases
c) remains unaffected
d) none of the mentioned


Radiator tubes are generally made of
a) cast iron
b) steel
c) plastics
d) brass

3. Prerequisites:


To know the basic working principle of engine study.

4. Theory Behind:
Internal Combustion engine is the source of power in an automobile. The performanceof
automobile is dependent upon the performance of its other components to a largeextent. It
depends upon the performance of engine. The performance of engine is measuredon the basis of
input which is given to engine and output that is obtained from theengine. The input to engine is
in the form of fuel which is due to its properties containingchemical energy. The combustion of
fuel, which is a form of chemical reaction, causesthe conversion of chemical energy into thermal
energy. As a product of combustion, hotgases are obtained at high pressure which force the
piston to move downwards. Thus thethermal energy is converted into work. This motion is
transferred to crankshaft and canbe considered output of the engine.
The performance of engine is affected by a number of parameters. The parameters maybe
evaluated inside the cylinder where thermal energy is converted into work. Evaluationof
performance on the basis of these parameters may not be true performance of engine.The losses
occur as the work output is transferred to crankshaft through connecting rod andother
components. The power developed inside the cylinder is termed as indicated powerwhereas that
available at the crankshaft is brake power. The power, earlier known as horsepower, is termed as
power (in SI units). Some Indian manufactures are using German unitPS (Pferdestärke) which is
no longer a legal unit.The other parameters measured are mean effective pressure, specific fuel

consumption,thermal efficiency, mechanical efficiency. Exhaust emission also affects the
performanceof engine.
EVALUATION OF PERFORMANCE
To evaluate these parameters it is essential to know about the following terms used
ininternal combustion engine.
Bore and Stroke
Bore is the diameter of the cylinder measured in millimeters and the stroke is thedistance
of a piston travels between top dead centre and bottom dead. If the bore of theengine is bigger
than its stroke, it is said to be over square viceversait is known as undersquare. Generally, the
engines are over square for automobiles. For vehicles such as tractoror trucks under square
engines are preferred.

Crank Throw
It is the distance from axis of the crankshafts main bearing to the axis of the crank
pin.The stroke of the engine is twice its crank throw.

Displacement

It is the volume of cylinder between top dead centre and bottom dead centre. It is
usuallymeasured in cubic centimeters or litres. The total displacement of the engine i.e., sum
ofdisplacement in all the cylinders indicated the approximate power output from engine.
Compression Ratio
It is the ratio of the volume in the cylinder above the piston when the piston is at
thebottom dead centre to the volume in the cylinder above the piston when it is at the top
deadcentre.Ideally, higher the compression ratio more power will be produced in an engine.
Also,with increase in compression ratio more heat will be produced when charge is
compressed.Fuels with low octane rating burn fast and may explode instead of burning when
compressionratio is high. This causes preignition which is not a desirable.
Torque
It is the twisting force. The force exerted on the piston is transmitted to the crank
pinthrough connecting rod. The eccentricity between crank pin and crankshaft (described ascrank
throw previously) cause the torque transmitted to crankshaft when it rotates. Thistorque is
transmitted to the road wheels of the automobile through the transmission system.
Power
It is the rate at which torque is produced. Power is the output from the engine. It
ismeasured inside the cylinder or at the crankshaft. The power inside the cylinder is more
thanthat at crankshaft as some of it is lost in between. The loss of power is due to friction
mainly.The power developed inside the cylinder is known as indicated power whereas the
poweravailable at crankshaft is known as brake power. Indicated power is more than brake
power.The difference between the indicated power and brake power is known as friction power.
Engine Efficiency
It is the ratio of amount of available energy from the engine to the amount of energyput
into the engine. It is expressed in percentage and is always less than 100 as output isalways less
than input.Efficiency could be mechanical efficiency if output and input is being measured in the
form of mechanical energy. The efficiency is less than 100 as there is some loss due to
friction.Similarly efficiency could be thermal efficiency when output and input are being
measured inthe form of thermal energy. Due to combustion of fuel, chemical energy possessed
by fuel isconverted into thermal energy. This thermal energy is converted into mechanical
energy. Dueto limitations of system whole of this thermal energy is not converted into

mechanical energyrather major part of thermal energy is lost to surroundings or in the exhaust.
Therefore theinternal combustion engines have quite low thermal efficiency.
PERFORMANCE CURVES
With the increase in speed of the engine, the mean effective pressure and
mechanicalefficiency also change. The mean effective pressure at low speed is less than its
maximumvalue due to carburation effects and valve timings. Valve timings, in majority of
engines, isdesigned at a particular speed. Below this speed the mean effective pressure is less.
Atengine speeds, higher than designed speed, the mean effective pressure again decreases dueto
lower volumetric efficiency.The mechanical efficiency of the engine also varies with the speed
of the engine. Athigh speed, due to inertia, high stresses and high bearing loads are set up, which
mayultimately lead to fracture or bearing seizure.When the mean effective pressure falls with
rise in engine speed the power outputremains constant but when the mean effective pressure falls
more rapidly the power outputreduces with increase in engine speed.

If brake mean effective pressure is considered the reduction at high engine speed ismore
significant as shown in the diagram. This is due to reduction in mechanical efficiencybecause of

higher friction losses. The curve representing brake power departs from idealstraight line more
rapidly than does the indicated power curve (Points A, B, C, D in theFigure). The figure
represents a particular engine with 75 mm bore and 120 mm stroke.As it can be observed that
brake mean effective pressure is maximum at engine speed(E). The maximum indicated power
occurs at engine speed (F) which is 2.2 times of OE andmaximum brake power occures at G
which is approximately 2.3 times of OE.
The curve representing the variation of torque with engine speed can also be drawn.
The brake mean effective pressure, bm ep = Tx4π/V
where V is the total stroke volume.
The, factor, π / V is only a numerical constant for an engine which means that torque
curve issimilar to brake mean effective pressure curve as shown in the diagram. While drawing
the
curves full throttle conditions have been assumed.Brake Specific fuel consumption is the fuel
consumed per unit brake power. The quantityof fuel can be represented in volume or in weight.
Generally, the quantity is measured byweight because the calorific value of a fuel varies more
widely when measured per unitvolume. While drawing the curve it has been assumed that the
engine is running at maximumload over the whole range of engine speed.Super charging
enhances the power output. This improvement also depends upon degreeof supercharging. Let us
consider two different cases (Figure).

(a) When super charging is barely sufficient to maintain the volumetric efficiency.
Thebrake mean effective pressure and power enhance in the higher range of enginespeed and this
can be utilised to increase the maximum road speed.
(b) When degree of super charging is high the power and brake mean effective
pressureare enhanced through the whole range of engine speed. Piston loads and crankshaft
torque also increase. These can be reduced by modifying compression ratioand ignition timing.
This also has an adverse effect on specific fuel consumption andcauses excessive heating which
may cause waste heat disposal problem.
Biodiesel Modification
Almost all modern diesel engines will run biodiesel quite happily provided that
thebiodiesel is of high enough quality. Generally speaking biodiesel requires much less
enginemodification than bioethanol.Rubber SealsWith some older vehicles rubber seals used in
the fuel lines may require replacing with non-rubber products such as VITONTM. This is due to
the way biodiesel reacts with rubber. If a low blend is used (5% biodiesel for example) then the
concentration of biodiesel isn't high enough to cause this problem.
Cold Starting
Cold starting can sometimes be a problem when using higher blends. This is due to
biodiesel thickening more during cold weather than fossil diesel. Arrangements would have to be
made for this, either by having a fuel heating system or using biodegradable additives which
reduce the viscosity. This effect is only a problem with higher blends.
Oil Changing
It was noticed that during many field trials that engines running on biodiesel tended to
require more frequent oil changes. This was generally the case with blends above 20%. During
an ALTENER project where two Mercedes Benz buses were run on diesel and biodiesel it was
found that the bus running on biodiesel required an oil change after 12,000 km compaired to
21,000 km for the bus running fossil diesel. It is worth noting however that the engine had not
been significantly effected in any adverse manner.
Engine Timing
For higher blends engine performance will be improved with a slight change to engine
timing, 2 or 3 degrees for a 100% blend. The use of advanced injection timing and increased

injection pressure has been known to reduce NOx emissions. It is worth noting that catalytic
converters are just as effctive on biodiesel emissions as on fossil diesel.
5. Applications / Simulation / Related Laboratory example


To conduct the engine study like performance, emission and combustion analysis using
diesel and biodiesel.

6. MCQ- post-test


Automobile gears are generally made of
a) cast iron
b) stainless steel
c) alloy steel
d) mild steel



_________ is used to check the state of charge of a battery.
a) Battery charger
b) Hygrometer
c) Hydrometer
d) Battery eliminator



The ratio of indicated thermal efficiency to the corresponding air standard cycle efficiency is
called
a) net efficiency
b) efficiency ratio
c) relative efficiency
d) overall efficiency



If the intake air temperature of I.C. engine increases its efficiency will
a) increase
b) decrease
c) remain same
d) none of the mentioned



Fuel oil consumption guarantees for I.C. engine are usually based on
a) low heat value of oil
b) high heat value of oil

c) net calorific value of oil
d) calorific value of fuel
7. Conclusion


The alternate fuel called biodiesel is a best substitute for diesel engines.



There is no engine modification is required till blend 20 of any biodiesel used.



Till B20, the biodiesel will give improved performance and reduced emission.
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9. Audio/ video - if any


https://www.youtube.com/watch?v=fTAUq6G9apg

10. Assignments


What are the modifications need to be incorporated in the engine while using biodiesel
beyond blend 20? Explain with real time example.
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Electric & Hybrid vehicles

1. Aim and Objectives:


Hybrid

electric

vehicles (HEVs)

combine

the

benefits

of

gasoline

enginesand electric motors and can be configured to meet different objectives such as
improved

fuel

economy,

increased

power,

or

additional

auxiliary

power

for electronic devices and power tools.


The purpose of a fuel cell is to produce an electrical current that can be directed outside
the cell to do work, such as powering an electric motor or illuminating a light bulb or a
city.



Because of the way electricity behaves, this current returns to the fuel cell, completing an
electrical circuit.

2. Pre-Test - MCQ type:


What purpose does a generator serve in a hybrid vehicle?
A. It converts nuclear energy into more nuclear energy.
B. It converts mechanical energy into electrical energy.
C. It converts chemical energy into electrical energy.
D. It converts electrical energy into mechanical energy.



What are the two main types of hybrid vehicle?
A. The series hybrid vehicle and the mild hybrid vehicle.
B. The parallel hybrid vehicle and the full hybrid vehicle.
C. The series hybrid vehicle and the parallel hybrid vehicle.
D. The full hybrid vehicle and the empty hybrid vehicle.



Why might some people be concerned about hydrogen fuel cell technology at the present
time?

A. Most hydrogen gas produced in the world today comes from a process that still
results in carbon dioxide.
B. Platinum is very expensive, making production of fuel cells and hence hydrogen
fuel cell vehicles expensive as well.
C. Hydrogen production through electrolysis would require large amounts of water
to be expended.
D. All of the above.


Can you think of a problem in storing liquid hydrogen inside a car?
A. Because liquid hydrogen is so cold, regardless of the container it is stored in, the
vehicle will be cold to the touch.
B. As liquid hydrogen evaporates, it will build up inside the vehicle and on long trips
pose a suffocation hazard.
C. If liquid hydrogen was stored in an closed container, as it evaporates it would
pose an explosion hazard.
D. Liquid hydrogen is as safe as regular gasoline and requires no additional safety
measures.

3. Prerequisites:


The importance of electric and hybrid vehicles need to be known for the present fuel
depletion and ever increasing fuel price.

4. Theory Behind:
Introduction:
A hybrid vehicle combines any two power (energy) sources. Possible combinations
include diesel/electric, gasoline/fly wheel, and fuel cell (FC)/battery. Typically, one energy
source is storage, and the other is conversion of a fuel to energy. The combination of two power
sources may support two separate propulsion systems. Thus, to be a True hybrid, the vehicle
must have at least two modes of propulsion.For example, a truck that uses a diesel to drive a
generator, which in turn drives several electrical motors for all-wheel drive, is not a hybrid. But
if the truck has electrical energy storage to provide a second mode, which is electrical assists,
then it is a hybrid Vehicle.These two power sources may be paired in series, meaning that the gas

engine charges the batteries of an electric motor that powers the car, or in parallel, with both
mechanisms driving the car directly.
Hybrid electric vehicle (HEV)
Consistent with the definition of hybrid above, the hybrid electric vehicle combines a
gasoline engine with an electric motor. An alternate arrangement is a diesel engine and an
electric motor (figure).

As shown in Figure, a HEV is formed by merging components from a pure electrical
vehicle and a pure gasoline vehicle. The Electric Vehicle (EV) has an M/G which allows
regenerative braking for an EV; the M/G installed in the HEV enables regenerative braking. For
the HEV, the M/G is tucked directly behind the engine. In Honda hybrids, the M/G is connected
directly to the engine. The transmission appears next in line. This arrangement has two torque
producers; the M/G in motor mode, M-mode, and the gasoline engine. The battery and M/G are
connected electrically.
HEVs are a combination of electrical and mechanical components. Three main sources of
electricity for hybrids are batteries, FCs, and capacitors. Each device has a low cell voltage, and,
hence, requires many cells in series to obtain the voltage demanded by an HEV. Difference in the
source of Energy can be explained as:

• The FC provides high energy but low power.
• The battery supplies both modest power and energy.
• The capacitor supplies very large power but low energy.
The components of an electrochemical cell include anode, cathode, and electrolyte (shown in
figure). The current flow both internal and external to the cell is used to describe the current
loop.

.
An electrode, a circuit for a cell which is converting chemical energy to electrical energy.
The motion of negative charges is clockwise and forms a closed loop through external wires and
load and the electrolyte in the cell.A critical issue for both battery life and safety is the precision
control of the Charge/Discharge cycle. Overcharging can be traced as a cause of fire and failure.
Applications impose two boundaries or limitations on batteries. The first limit, which is dictated
by battery life, is the minimum allowed State of Charge. As a result, not all the installed battery
energy can be used. The battery feeds energy to other electrical equipment, which is usually the
inverter. This equipment can use a broad range of input voltage, but cannot accept a low voltage.
The second limit is the minimum voltage allowed from the battery.
Modern Period of Hybrid History
The history of hybrid cars is much longer and more involved than many first imagine. It
is, however, in the last ten years or so that we, as consumers, have begun to pay more attention to
the hybrid vehicle as a viable alternative to ICE driven cars. Whether looking for a way to save

money on spiraling gas costs or in an attempt to help reduce the negative effects on the
environment we are buying hybrid cars much more frequently.
1990s
Automakers took a renewed interest in the hybrid, seeking a solution to dwindling energy
supplies and environmental concerns and created modern history of hybrid car
1993
In USA, Bill Clinton's administration recognized the urgency for the mass production of
cars powered by means other than gasoline. Numerous government agencies, as well as Chrysler,
Ford, GM, and USCAR combined forces in the PNGV (Partnership for a New Generation of
Vehicles), to create cars using alternative power sources, including the development and
improvement of hybrid electric vehicles.
1997
The Audi Duo was the first European hybrid car put into mass production and hybrid
production and consumer take up has continued to go from strength to strength over the decades.
2000
Toyota Prius and Honda Insight became the first mass market hybrids to go on sale in the
United States, with dozens of models following in the next decade. The Honda Insight and
Toyota Prius were two of the first mainstream Hybrid Electric Vehicles and both models remain
a popular line.
2005
A hybrid Ford Escape, the SUV, was released in 2005. Toyota and Ford essentially
swapped patents with one another, Ford gaining a number of Toyota patents relating to hybrid
technology and Toyota, in return, gaining access to Diesel engine patents from Ford.
Present of Hybrid Electric vehicle
Toyota is the most prominent of all manufacturers when it comes to hybrid cars. As well
as the specialist hybrid range they have produced hybrid versions of many of their existing
model lines, including several Lexus (now owned and manufactured by Toyota) vehicles. They
have also stated that it is their intention to release a hybrid version of every single model they
release in the coming decade. As well as cars and SUVs, there are a select number of hybrid
motorcycles, pickups, vans, and other road going vehicles available to the consumer and the list
is continually increasing.

Future of Hybrid electrical vehicle
Since petroleum is limited and will someday run out of supply. In the arbitrary year 2037,
an estimated one billion petroleum-fueled vehicles will be on the world's roads. gasoline will
become prohibitively expensive. The world need to have solutions for the “ 400 million
otherwise useless cars” . So year 2037 “gasoline runs out year” means, petroleum will no longer
be used for personal mobility. A market may develop for solar-powered EVs of the size of a
scooter or golf cart. Since hybrid technology applies to heavy vehicles, hybrid buses and hybrid
trains will be more significant.
Fuel Cell
A fuel cell can be defined as an electrochemical cell that generates electrical energy from
fuel via an electrochemical reaction. These cells require a continuous input of fuel and
an oxidizing agent (generally oxygen) in order to sustain the reactions that generate the
electricity. Therefore, these cells can constantly generate electricity until the supply of fuel and
oxygen is cut off.Despite being invented in the year 1838, fuel cells began commercial use only a
century later when they were used by NASA to power space capsules and satellites. Today, these
devices are used as the primary or secondary source of power for many facilities including
industries, commercial buildings, and residential buildings. A

fuel

cell

is

similar

to electrochemical cells, which consists of a cathode, an anode, and an electrolyte. In these cells,
the electrolyte enables the movement of the protons.
Working of Fuel Cell
The reaction between hydrogen and oxygen can be used to generate electricity via a fuel
cell. Such a cell was used in the Apollo space programme and it served two different purposes –
It was used as a fuel source as well as a source of drinking water (the water vapour produced
from the cell, when condensed, was fit for human consumption).The working of this fuel cell
involved the passing of hydrogen and oxygen into a concentrated solution of sodium hydroxide
via carbon electrodes. The cell reaction can be written as follows:
Cathode Reaction: O2 + 2H2O + 4e– → 4OH–
Anode Reaction: 2H2 + 4OH– → 4H2O + 4e–
Net Cell Reaction: 2H2 + O2 → 2H2O
However, the reaction rate of this electrochemical reaction is quite low. This issue is
overcome with the help of a catalyst such as platinum or palladium. In order to increase the

effective surface area, the catalyst is finely divided before being incorporated
incorpo
into the
electrodes.A block diagram of this fuel cell is provided below.

The efficiency of the fuel cell described above in the generation of electricity generally
approximates to 70% whereas thermal power plants have an efficiency of 40%. This substantial
sub
difference in efficiency is because the generation of electric current in a thermal power plant
involves the conversion of water into steam, and the usage of this steam to rotate a turbine. Fuel
cells, however, offer a platform for the direct conv
conversion
ersion of chemical energy into electrical
energy.
Types of Fuel Cells
Despite working similarly, there exist many varieties of fuel cells. Some of these types of
fuel cells are discussed in this subsection.
The Polymer Electrolyte Membrane (PEM) Fuel Cell


These cells are also known as proton exchange membrane fuel cells (or PEMFCs).



The temperature range that these cells operate in is between 50 oC to 100o



The electrolyte used in PEMFCs is a polymer which has the ability to conduct protons.



A typical PEM fuel cell consists of bipolar plates, a catalyst, electrodes, and the polymer
membrane.



Despite having eco-friendly applications in transportation, PEMFCs can also be used for
the stationary and portable generation of power.

Phosphoric Acid Fuel Cell


These fuel cells involve the use of phosphoric acid as an electrolyte in order to channel
the H+



The working temperatures of these cells lie in the range of 150 oC – 200o



Electrons are forced to travel to the cathode via an external circuit because of the nonconductive nature of phosphoric acid.



Due to the acidic nature of the electrolyte, the components of these cells tend to corrode
or oxidize over time.

Solid Acid Fuel Cell


A solid acid material is used as the electrolyte in these fuel cells.



The molecular structures of these solid acids are ordered at low temperatures.



At higher temperatures, a phase transition can occur which leads to a huge increase in
conductivity.



Examples of solid acids include CsHSO4 and CsH2PO4 (cesium hydrogen sulfate and
cesium dihydrogen phosphate respectively)

Alkaline Fuel Cell


This was the fuel cell which was used as the primary source of electricity in the Apollo
space program.



In these cells, an aqueous alkaline solution is used to saturate a porous matrix, which is in
turn used to separate the electrodes.



The operating temperatures of these cells are quite low (approximately 90 oC).



These cells are highly efficient. They also produce heat and water along with electricity.

Solid Oxide Fuel Cell


These cells involve the use of a solid oxide or a ceramic electrolyte (such as yttriastabilized zirconia).



These fuel cells are highly efficient and have a relatively low cost (theoretical efficiency
can even approach 85%).



The operating temperatures of these cells are very high (lower limit of 600oC, standard
operating temperatures lie between 800 and 1000 oC).



Solid oxide fuel cells are limited to stationary applications due to their high operating
temperatures.

Molten Carbonate Fuel Cell


The electrolyte used in these cells is lithium potassium carbonate salt. This salt becomes
liquid at high temperatures, enabling the movement of carbonate ions.



Similar to SOFCs, these fuel cells also have a relatively high operating temperature of
650o



The anode and the cathode of this cell are vulnerable to corrosion due to the high
operating temperature and the presence of the carbonate electrolyte.



These cells can be powered by carbon-based fuels such as natural gas and biogas.

5. Applications / Simulation / Related Laboratory example


Fuel cell electric vehicles, or FCEVs, use clean fuels and are therefore more eco-friendly
than internal combustion engine-based vehicles.



They have been used to power many space expeditions including the Appolo space
program.



Generally, the by products produced from these cells are heat and water.



The portability of some fuel cells is extremely useful in some military applications.



These electrochemical cells can also be used to power several electronic devices.



Fuel cells are also used as primary or backup sources of electricity in many remote areas.

6. MCQ- post-test



Hydrogen fuel cell technology appears to eliminate the need for fossil fuels
altogether. How might fossil fuels still be needed even if scientists are successful in
creating a vehicle that may run on hydrogen produced from the electrolysis of water?
A. If Hydrogen vehicles become a reality it would eliminate the need for fossil fuels
entirely.
B. Transportation of hydrogen gas from one location.
C. Electricity generation that will be used in the production of hydrogen gas
and other components of the vehicle.
D. Platinum must be soaked in gasoline during fuel cell production to protect it from
external contaminants.



A fuel cell produces more energy per molecule of hydrogen then a gasoline molecule
during combustion. Why is it then, that it requires more liquid hydrogen fuel than
gasoline to travel a set distance?
A. The energy is hydrogen is stored in bonds that may not be converted to usable
energy.
B. Liquid hydrogen has a lower density than gasoline.
C. Fuel cells add significantly to the total mass of a vehicle.
D. Current methods of harnessing the energy from the reaction that creates water are
so inefficient, much of the usable energy is lost.



Which sentence best describes a parallel hybrid vehicle?
A. The engine is directly connected to the transmission.
B. The electric motor is directly connected to the transmission.
C. Both of the above.
D. None of the above.



Which of these is a purpose of the power-split device?
A. To split electrical energy into mechanical energy.
B. To allow both the engine and electric motor to propel the vehicle.
C. To recharge the battery while braking.
D. To recharge the brakes while driving.

7. Conclusion



Conclusion. Hybrid cars are definitely more environmentally friendly than internalcombustion vehicles.



Batteries are being engineered to have a long life.



When the hybrid cars become more widespread, battery recycling will become
economically possible.



Fuel cells are a promising technology, with the potential to play an important role as the
economy weans itself away from fossil fuels.



Their technical challenges can be addressed with more research and development.
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9. Audio/ video - if any


https://www.youtube.com/watch?v=3SAxXUIre28

10. Assignments


What are the modifications to be incorporated while using fuel cell in place of liquid fuel
engine?



How to repair and maintain the electric batteries and fuel cell for automobile vehicles?

