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Introduction to the Transmission Systems in Automobile:
The most common transmission systems that have been used for the automotive industry are:
¢ Manual transmission,
* Automatic transmission,
* Semi-automatic transmission,
* Continuously-variable transmission (C.V.T.).

Manual Transmission:

The first transmission invented was the manual transmission system. The driver needs to
disengage the clutch to disconnect the power from the engine first, select the target gear, and engage
the clutch again to perform the gear change. This will challenge a new driver. It always takes time
for a new driver to get used to this skill.

Automatic Transmission:

An automatic transmission uses a fluid-coupling torque converter to replace the clutch to
avoid engaging/disengaging clutch during gear change. A completed gear set, called planetary gears,
is used to perform gear ratio change instead of selecting gear manually. A driver no longer needs to
worry about gear selection during driving. It makes driving a car much easier, especially for a
disabled or new driver. However, the indirect gear contact of the torque converter causes power loss
during power transmission, and the complicated planetary gear structure makes the transmission
heavy and easily broken.

Semi-Automatic Transmission:

A semi-automatic transmission tries to combine the advantages of the manual and automatic
transmission systems, but avoid their disadvantages. However, the complicated design of the semi-
automatic transmission is still under development, and the price is not cheap. It is only used for
some luxury or sports cars currently.

Continuously Variable Transmission (C.V.T.):-

The Continuously Variable Transmission (C.V.T.) is a transmission in which the ratio of the
rotational speeds of two shafts, as the input shaft and output shaft of a vehicle or other machine, can
be varied continuously within a given range, providing an infinite number of possible ratios. The
other mechanical transmissions described above only allow a few different gear ratios to be selected,
but this type of transmission essentially has an infinite number of ratios available within a finite
range.

It provides even better fuel economy if the engine is constantly made run at a single speed.
This transmission is capable of a better user experience, without the rise and fall in speed of an
engine, and the jerk felt when changing gears.
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The main components of manual transmission are:

AUTOMOBILE ENGINEERING

MANUAL TRANSMISSION SYSTEM

Manual transmissions also referred as stick shift transmission or just ‘stick’, 'straight drive',
or standard transmission because you need to use the transmission stick every time you change the
gears. To perform the gear shift, the transmission system must first be disengaged from the engine.
After the target gear is selected, the transmission and engine are engaged with each other again to
perform the power transmission. Manual transmissions are characterized by gear ratios that are
selectable by locking selected gear pairs to the output shaft inside the transmission.

DIV HomStnttlons

Clutch U-joint Ditferential

The transmission system delivers the engine power to wheels.

Components of manual transmission

Clutch

Gear box

U- joint
Shafts

Differential gear box
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Clutch;

Clutch is a device which is used in the transmission system of automobile to engage and
disengage the engine to the transmission or gear box. It is located between the transmission and the
engine. When the clutch is engaged, the power flows from the engine to the rear wheels in a rear-
wheel-drive transmission and the vehicle moves. When the clutch is disengaged, the power is not
transmitted from the engine to the rear wheels and vehicle stops even if engine is running.

It works on the principle of friction. When two friction surfaces are brought in
contact with each other and they are united due to the friction between them. If one is revolved the
other will also revolve.
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Fig: Priuciple of Clutch

The friction depends upon the surface area contact. The friction surfaces are so designed that
the driven member initially slips on driving member when initially pressure is applied. As pressure
increases the driven member is brought gradually to speed the driving member.

he three main parts of clutch are:

¢ Driving member
¢ Driven member
e Operating member

The driving member consists of a flywheel mounted on the engine crank shaft. The
flywheel is bolted to cover which carries a pressure plate or driving disc, pressure springs and
releasing levers. Thus the entire assembly of flywheel and cover rotates all the times. The clutch
housing and the cover provided with openings dissipate the heat generated by friction during the
clutch operation.
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The driving member consists of a disc or plate called clutch plate. It is free to slide length
- wise on the splines of the clutch shaft. It carries friction materials on both of its surfaces when it is
gripped between the flywheel and the pressure plate; it rotates the clutch shaft through splines.

The operating members consists of a foot pedal, linkage, release or throw-out
bearing, release levers and springs necessary to ensure the proper operation of the clutch.

Now the driving member in an automobile is flywheel mounted on crank shaft, the driven
member is the pressure plate mounted on transmission or gear box input shaft. Friction surfaces or
clutch plates is placed between two members.

Figy: Exprlioded viewwr of cluloeh

Types of Friction Materials:

The friction materials of the clutch plate are generally of 3 types:
e Mill Board Type
e Molded type
e  Woven type

Mill Board type friction materials mainly include asbestos material with different types of
impregnates.

Molded type friction materials are made from a matrix of asbestos fiber and starch or any
other suitable binding materials. They are then heated to a certain temperature for moulding in dies
under pressure. They are also made into sheets by rolling, pressing and backs till they are extremely
hard and dense. Metallic wires are used sometimes to increase wear properties.
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Woven types facing materials are made by impregnating a cloth with certain binders or by
weaving threads of copper or brass wires covered with long fiber asbestos and cotton. The woven
sheets treated with binding solution are baked and rolled.

TABLE: COEFFICIENTS OF RICTION FOR CLUTCH FACING MATERIALS

SI. No. Material Coeftieicent Of Material(pn)

Leather 0.27

Cork 0.37

Cotton fabric 0.4-0.5

Asbestos Base

Materials 0.35-0.4

Properties Of Good Clutching:
* Good Wearing Properties
e High Resistance to heat
¢ High coefficient of friction

e Good Binders in it

Operation Of Clutch:

When the clutch pedal is pressed through pedal movement, the clutch release bearing presses
on the clutch release lever plate which being connected to clutch release levers, forces these levers
forward. This causes the pressure plate to compress pressure springs, thus allowing it to move away
from the clutch driven plate. This action releases the pressure on the driven plate and flywheel, the
flywheel is now free to turn independently, without turning the transmission.

When the clutch pedal is released, reverse action takes place i.e. the driven plate is
again forced against the flywheel by the pressure plate- because of the force exerted by pressure
springs. The pressure plate will keep on pressing the facings of driven plate until friction created
becomes equal to the resistance of the vehicle. Any further increase in pressure will cause the clutch
plate and the transmission shaft to turn along with flywheel, thus achieving vehicle movement.
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Emission from Automobiles

Pollution standards National and international

The first Indian emission regulations were idle emission limits which became effective in 1989.
These idle emission regulations were soon replaced by mass emission limits for both gasoline
(1991) and diesel (1992) vehicles, which were gradually tightened during the 1990s. Since the
year 2000, India started adopting European emission and fuel regulations for four-wheeled light-
duty and for heavy-duty vehicles. India’s own emission regulations still apply to two- and three-
wheeled vehicles.

The foundation for automotive emission standards in India since the early 2000s is contained in
two reports from the Indian Planning Commission. The National Auto Fuel Policy, announced on
October 6, 2003, envisioned a phased program for introducing Euro 2-4 emission and fuel
regulations by 2010. In order to establish limits beyond Bharat Stage IV, the Indian Planning
Commission established an Expert Committee in 2013 to draft an updated Auto Fuel Policy, Auto
Fuel Vision and Policy 2025, that was published in May 2014. While legislators are not required
to adhere strictly to the recommendations contained in these reports, they serve as a starting point
for subsequent legislative action to establish the implementation schedule and other details of
automotive emission standards. The implementation schedule of EU emission standards in India
is summarized in Table 1.

Table 1
Indian emission standards (4-wheel vehicles)

India 2000 Nationwide

Bharat Stage II Euro 2 NCR*, Mumbai, Kolkata, Chennai

2003.04 NCR¥*, 11 citiesT

2005.04 Nationwide

Bharat Stage 111 2005.04 NCR*, 11 citiest
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2010.04

Bharat Stage IV~ Euro 4 2010.04

2015.07

2015.10

2016.04

2017.04

Bharat Stage V Euro 5

Bharat Stage VI~ Euro 6 2020.04

* National Capital Region (Delhi)
+ Mumbai, Kolkata, Chennai, Bangalore, Hyderabad, Secunderabad, Ahmedabad, Pune, Surat, Kanpur and Agra

I Above cities plus Solapur and Lucknow. The

by March 2015
“Initially proposed in 2015.11 [3297][3298] but removed from a 2016.02 proposal [3349] and final BS VI regulation [3827]

The above standards apply to all new 4-wheel vehicles sold and registered in the respective regions. In

AUTOMOBILE ENGINEERING

Nationwide

NCR¥*, 13 cities}

Above plus 29 cities mainly in the states of Haryana, Uttar
Pradesh, Rajasthan and Maharastra [3231]

North India plus bordering districts of Rajasthan (9
States) [3232]

Western India plus parts of South and East India (10 States
and Territories) [3232]

Nationwide [3232]

Nationwide [3827]

program was later expanded with the aim of including 50 additional cities

addition, the National Auto Fuel Policy 2003 introduced certain emission requirements for interstate
buses with routes originating or terminating in Delhi or the other mentioned cities.

pollution control techniques
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Catalytic converter

Catalytic converter is a vehicle emissions control device that converts toxicpollutants in exhaust
gas to less toxic pollutants by catalyzing a redox reaction(oxidation or reduction). Catalytic
converters are used in internal combustion engines fueled by either petrol (gasoline) or diesel—
including lean burn engines.

The first widespread introduction of catalytic converters was in the United Statesautomobile
market. Manufacturers of 1975 model year equipped gasoline-powered vehicles with catalytic
converters to comply with the U.S. Environmental Protection Agency's stricter regulation of
exhaust emissions. These “two-way” converters combined carbon monoxide (CO) with unburned
hydrocarbons (HC) to produce carbon dioxide (CO2) and water (H20). In 1981, two- way catalytic
converters were rendered obsolete by “three-way” converters that also reduceoxides of nitrogen
(NOx); however, two-way converters are still used for lean burn engines.

Although catalytic converters are most commonly applied to exhaust systems in automobiles, they

are alsousedon electrical generators, forklifts, mining equipment, trucks, buses, locomotives,
motorcycles, and airplanes. They are also used on some wood stoves to control emissions. This is
usually in response to government regulation, either through direct environmental regulation or
through health and safety regulations.

Construction of a catalytic converter;

The catalyst support or substrate. For automotive catalytic converters, the core is usually a
ceramic monolith with a honeycomb structure. Metallic foil monoliths made of Kanthal (FeCrAl)
are used in applications where particularly high heat resistance is required Either material is
designed to provide a large surface area. The cordierite ceramic substrate used in most catalytic
converters was invented by Rodney Bagley, Irwin Lachman andRonald Lewis at Corning Glass,
for which they were inducted into the National Inventors Hall of Fame in2002.

The washcoat. A washcoat is a carrier for the catalytic materials and is used to disperse the
materials over a large surface area. Aluminum oxide, titanium dioxide, silicon dioxide, or a
mixture of silica and alumina can be used. The catalytic materials are suspended in the washcoat
prior to applying to the core. Washcoat materials are selected to form a rough, irregular surface,
which greatly increases the surface area compared to the smooth surface of the bare substrate. This
in turn maximizes the catalytically active surface available to react with the engine exhaust. The
coat must retain its surface area and prevent sintering of the catalytic metal particles even at high
temperatures

The catalyst itself is most often a mix of precious metals. Platinum is the most active catalyst and
is widely used, but is not suitable for all applications because of unwanted additional reactions and
high cost. Palladium and rhodium are two oth4e7r precious metals used. Rhodium is used as a
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reduction catalyst, palladium is used as an oxidation catalyst, and platinum is used both for

reduction and oxidation. Cerium, iron, manganese and nickel are also used, although each has
limitations. Nickel is not legal for use in the European Union because of its reaction with carbon
monoxide into toxic nickel tetracarbonyl.[citation needed] Copper can be used everywhere
except North America,[clarification needed]where its use is illegal because of the formation of
toxic dioxin .[citation needed]

CATALYTIC CONVERTER

Dirty exhaust
Three-way reduction / in
catalyst to get rid of NOx

7. Air from
/ air pump

Clean exhaust
out Two-way oxidation catalyst
to get rid of carbon monozxide (C0)
and unburned hydrocarbons (HC)
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CRDI - Common rail fuel injection system:

Common rail direct fuel injection is a modern variant of direct fuel injection system for
petrol and diesel engines. On diesel engines, it features a high-pressure (over 1,000 baror 100
MPa or 15,000 psi) fuel rail feeding individual solenoid valves, as opposed to low-pressure fuel
pump feeding unit injectors (or pump nozzles). Third-generation common rail diesels now
feature piezoelectric injectors for increased precision, with fuel pressures up to 3,000 bar (300
MPa; 44,000 psi). In gasoline engines, it is used in gasoline direct injection engine technology.

Working Principle;

Solenoid or piezoelectric valves make possible fine electronic control over the fuel injection time
and quantity, and the higher pressure that the common rail technology makes available provides
better fuel atomisation. To lower engine noise, the engine's electronic control unit can inject a
small amount of diesel just before the main injection event ("pilot" injection), thus reducing its
explosiveness and vibration, as well as optimising injection timing and quantity for variations in
fuel quality, cold starting and so on. Some advanced common rail fuel systems perform as many as
five injections per stroke. Common rail engineggequire a very short (< 10 seconds) to no heating-
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up timel depending on ambient temperature, and produce lower engine noise and emissions than

older systemsDiesel engines have historically used various forms of fuel injection. Two common
types include the unit injection system and the distributor/inline pump systems (See diesel engine
andunit injector for more information). While these older systems provided accurate fuel quantity
and injection timing control, they were limited by several factors:

They were cam driven, and injection pressure was proportional to engine
speed. This typically meant that the highest injection pressure could only be
achieved at the highest engine speed and the maximum achievable injection
pressure decreased as engine speed decreased. This relationship is true with all
pumps, even those used on common rail systems. With unit or distributor
systems, the injection pressure is tied to the instantaneous pressure of a single
pumping event with no accumulator, and thus the relationship is more prominent
and troublesome.

They were limited in the number and timing of injection events that could be
commanded during a single combustion event. While multiple injection events
are possible with these older systems, it is much more difficult and costly to
achieve.

For the typical distributor/inline system, the start of injection occurred at a
pre-determined pressure (often referred to as: pop pressure) and ended at a pre-
determined pressure. This characteristic resulted from "dummy" injectors in the
cylinder head which opened and closed at pressures determined by the spring
preload applied to the plunger in the injector. Once the pressure in the injector
reached a pre-determined level, the plunger would lift and injection would start.

Electrical System:

Generator:

Generator is a machine that converts mechanical energy into electrical energy. It works based on
principle of faraday law of electromagnetic induction. The faradays law states that whenever a conductor
is placed in a varying magnetic field, EMF is induced and this induced EMF is equal to the rate of change
of flux linkages. This EMF can be generated when there is either relative space or relative time variation

between the conductor and magnetic field. So the important elements of a generator are:

Magnetic field
Motion of conductor in magnetic field
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Working of Generators:

Generators are basically coils of electric conductors, normally copper wire, that are tightly wound onto ¢
metal core and are mounted to turn around inside an exhibit of large magnets. An electric conductor
moves through a magnetic field, the magnetism will interface with the electrons in the conductor tc

induce a flow of electrical current inside it.

GROUND SCREW POLE SHOE

POLE SHOE SCREW
OILER

BRUSH
BRUSH ARM

INSULATION

SPRING COMMUTATOR PULLEY & FAN

ARMATURE
COMMUTATOR END FRAME DRIVE END FRAME

TYPICAL GENERATOR

Types of Generators:

The generators are classified into types.

1. AC generators

2. DC generators

AC Generators:

These are also called as alternators. It is the most important means of producing electrical power in many
of the places since now days all the consumers are using AC. It works based on principle of the
electromagnetic induction. These are of two types one is induction generator and other one is

synchronous generator. The induction generator requires no separate DC excitation, regulator controls,
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frequency control or governor. This concept takes place when conductor coils turn in a magnetic field

actuating a current and a voltage. The generators should run at a consistent speed to convey a stable AC

voltage, even no load is accessible.

Synchronous generators are large size generators mainly used in power plants. These may be rotating
field type or rotating armature type. In rotating armature type, armature is at rotor and field is at stator.
Rotor armature current is taken through slip rings and brushes. These are limited due to high wind losses.
These are used for low power output applications. Rotating field type of alternator is widely used because

of high power generation capability and absence of slip rings and brushes.

Advantages of AC Generator:
These Generators are generally maintenance free, because of absence of brushes.
Easily step up and step down through transformers.
Transmission link size might be thinner because of step up feature
Size of the generator relatively smaller than DC machine
Losses are relatively less than DC machine

These Generator breakers are relatively smaller than DC breakers

DC Generators:

DC generator is typically found in off-grid applications. These generators give a seamless power supply
directly into electric storage devices and DC power grids without novel equipment. The stored power is

carries to loads through dc-ac converters. The DC generators could be controlled back to an unmoving

speed as batteries tend to be stimulating to recover considerably more fuel.

Classification of DC Generators

Generators are classified according to the way their magnetic field is developed in the stator of the

machine.

permanent-magnet DC generators
Separately-excite DC generators and
Self-excited DC generators.
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Permanent magnet DC generators do not require external field excitation because it has permanent magnets to
produce the flux. These are used for low power applications like dynamos. Separately-excite DC generators
requires external field excitation to produce the magnetic flux. We can also vary the excitation to get variable
output power. These are used in electro plating and electro refining applications. Due to residual magnetism
present in the poles of the stator self-excited DC generators can able to produce their own magnetic field ones it
is started. These are simple in design and no need to have the external circuit to vary the field excitation. Again
these self-excited DC generators are classified into shunt, series, and compound generators.

These are used in applications like battery charging, welding, ordinary lightening applications etc.

Advantages of DC Generator

1. Mainly DC machines have the wide variety of operating characteristics which can be obtained by selection of
the method of excitation of the field windings.

2. The output voltage can be smoothed by regularly arranging the coils around the armature .This leads to less
fluctations which is desirable for some steady state applications.

3. No shielding need for radiation so cable cost will be less as compared to AC.

Engine temperature indicator

Temperature measurement in today’s industrial environment encompasses a wide variety of needs and
applications. To meet this wide array of needs the process controls industry has developed a large number
of sensors and devices to handle this demand. In this experiment you will have an opportunity to
understand the concepts and uses of many of the common transducers, and actually run an experiment
using a selection of these devices. Temperature is a very critical and widely measured variable for most
mechanical engineers. Many processes must have either a monitored or controlled temperature. This can
range from the simple monitoring of the water temperature of an engine or load device, or as complex as
the temperature of a weld in a laser welding application. More difficult measurements such as the
temperature of smoke stack gas from a power generating station or blast furnace or the exhaust gas of a
rocket may be need to be monitored. Much more common are the temperatures of fluids in processes or
process support applications, or the temperature of solid objects such as metal plates,

bearings and shafts in a piece of machinery.

There are a wide variety of temperature measurement probes in use today depending on what you are
trying to measure, how accurately you need to measure it, if you need to use it for control or just man
monitoring, or if you can even touch what you are trying to monitor. Temperature measurement can be
classified into a few general categories:

a) Thermometers

b) Probes

¢) Non-contact
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The Voltage Regulator

The voltage regulator can be mounted inside or outside of the alternator housing. If the regulator is
mounted outside (common on some Ford products) there will be a wiring harness connecting it to the
alternator.

The voltage regulator controls the field current applied to the spinning rotor inside the alternator. When
there is no current applied to the field, there is no voltage produced from the alternator. When voltage
drops below 13.5 volts, the regulator will apply current to the field and the alternator will start charging.
When the voltage exceeds 14.5 volts, the regulator will stop supplying voltage to the field and the
alternator will stop charging. This is how voltage output from the alternator is regulated. Amperage or
current is regulated by the state of charge of the battery. When the battery is weak, the electromotive
force (voltage) is not strong enough to hold back the current from the alternator trying to recharge the
battery. As the battery reaches a state of full charge, the electromotive force becomes strong enough to
oppose the current flow from the alternator, the amperage output from the alternator will drop to close to
zero, while the voltage will remain at 13.5 to 14.5. When more electrical power is used, the electromotive
force will reduce and alternator amperage will increase. It is extremely important that when alternator
efficiency is checked, both voltage and amperage outputs are checked. Each alternator has a rated
amperage  output  depending on  the electrical ~ requirements of the  vehicle
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