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Course Outcome

CO1 Understanding Automobile engines, fuel supply system,
Injection components.

CO2 Understanding of ignition systems, cooling processes
and Electrical system.

CO3 Understanding the working of transmission and
suspension systems of various automobiles.

CO4 Understanding the working of braking and steering
systems of various automobiles.

CO5 Understanding the national pollution standards and
incorporating emission control techniques. Usage of
alternating fuels.
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UNIT-I
INTRODUCTION TO AUTOMOBILE ENGINEERING



CL20s Course Learning Outcome

CLO1 Understand the basic working of Auto mobile and
different automobile components.

CLO2 Understand the importance of lubrication system in
automobile.

CLO3  Compare different fuel injection system and advantages
of each individual and concept of electronic controlled
fuel injection.




Describe the differences between the unibody design and
frame and body design

Tell how the four-stroke cycle engine operates

Understand the purposes of the major engine support
systems

Describe the parts of front- and rear-wheel drive
powertrains

Explain major events in the history of the automobile



 Automobiles have around more than 100 years

— Originally called horseless carriages
* Today more than 130 million cars in the U.S.
— One-third of cars in the world
* Source of employment for one in nine workers
 Americans drive 7,767 miles per year
* Automobiles include several systems
— Body and suspension, engine, electrical, etc.



Body and Chassis

* Chassis supports the engine and body
— Suspension
— Frame
— Brakes
— Steering

* Unibody design
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Figure 1.3 Unibody construction.




Engine Parts and Operation

* Most autos use a spark-ignited four-stroke

reciprocating gasoline engine
— Piston compresses air and fuel
— Air-fuel mixture is ignited
— Piston pushes rod and forces crankshaft to rotate
— Rotating crankshaft turns the wheels
— Burning mixture is sealed into cylinder by cylinder head

and head gasket

— Piston is sealed into cylinder by piston rings



Engine Parts and Operation

* Four-stroke cycle
— Intake stroke
* Piston is pulled down by crankshaft
— Compression stroke
* Both valves close and piston moves up
— Power stroke

* Burning fuel expands and forces piston
down

— Exhaust stroke
* Piston moves up and forces exhaust out



Intake
valve

Intake stroke

Compression stroke

EiS

HiH

Power stroke

Exhaust stroke

Figure 1.7 The fourstroke cycle.
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V-Type In-Line
Figure 1.8 Common cylinder block arrangements.
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Engine Support Systems

* Cooling system
— Cools the engine to prevent overheating
— Fuel system
— Carburetor
— Gasoline fuel injection
— Diesel fuel injection

* Lubrication system

— Moves pressurized oil to all engine areas




* Electrical system
— Ignition system
— Starting system
— Charging system
— Computer system
* Exhaust system
— Carries exhaust from engine to rear of car

* Emission control system
— Reduces or eliminates pollutants in exhaust



Crankshaft

Figure 1.16 The starter motor tums the engine’s crankshaft.

Ignition switch

Ring gear

Pinion gear

Starter motor

@ Cengage Leaming 2012



The Powertrain

* Transmits engine power to wheels
— Transmission (transaxle)
— Clutch
— Torque converter
— Differential
— Axles or half-shafts

* Front-wheel drive, rear-wheel drive, or all- wheel drive
 Manual or automatic



/ Rear axle shaft

Transmission

Differential
L el
Propeller shaft
Clutch
Rear axle
housing 8

-~

Figure 1.20 Rearwheel drive.
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* Manual transmission

— Gears change leverage or torque

— Clutch uncouples powertrain from engine
* Automatic transmission

— Gears shifted based on speed and engine load
* Drive shaft

— Used on rear-wheel drive cars to transfer power to the
rear axle

— Hollow metal tube with universal joint at each end



* Rear axle assembly

— Drive axles power each rear wheel and a
differential assembly

* Transaxle

— Used on front-wheel drive vehicles

— Transmission and differential in one housing




Accessory Systems

e Also called comfort systems
— Air conditioning
— Heating
— Power seats
— Power windows
— Cruise control

— Navigation, sound systems, etc.




History and Development of the Automobile

* Steam-powered vehicles
— First autos
— Powered by steam engine
— Developed in 1698

— Steam engine is an external combustion engine
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Figure 1.21 An external combustion steam engine.




Boiler tubes filled with water

Firebox Piston

Connecting rod
Driving wheels

i@ Cengage Leaming 2012

Figure 1.22 A steam-powered locomotive.




e Early gasoline engines

— 1876: Dr. Nicolas Otto patented the slow-speed, four-
stroke, internal combustion engine

— 1885: Gottlieb Daimler patented high-speed,
petroleum engine

— 1893: Benz shown at the World’s Fair in Chicago
— 1920: 90% of cars looked like carriages

— 3.8 million miles of road in the U.S. has been
developed in less than 100 years



e Early automobile racing

— 1895: First auto race in Chicago
— 1913: Indianapolis 500 started
e Early transmissions
— Early cars had transmission on rear axle
 Later attached to rear of engine
* Carburetors
— Early carburetors had a wick saturated with gasoline
 Later had a bowl full of gasoline



* Fuel pumps
— 1915: Stewart Warner vacuum tank
— 1928: Electric and mechanical fuel pumps
* Lubrication systems
— Early engines used a drip oiler
 Later cars had mechanical oiling
* Tires

— 1900: Michelin’s first pneumatic tires
— 1919: All cars are equipped with cord tires



* Electrical systems

— Early cars had 8-, 12-, or 24-volt systems

— 1915: 6-volt battery became standard

— 1950s: 12-volt batteries became standard
* Starter system

— Early engines hand cranked to start

— 1912: Kettering electric starter motor



Tim Gilles

Figure 1.24 This early engine had no valve cover or oil
pan. Lubricant was provided by drip oil.



* Early American automobiles
— 1892: Charles and Frank Duryea build first
operational car
— 1908-1926: Henry Ford produced the Model T
* Assembly line produced 1000 per day

— General Motors: Durant wanted to produce a
variety of cars

* Good promoter, but poor business man
* Removed from GM

— 1919: Walter Chrysler starts Chrysler Corporation



* Later developments
— 1950s: American cars became large and powerful
* Poor fuel economy and high pollution
* Fuel economy standards
— 1973: Gas prices quadrupled
— 1975: U.S. Congress passed CAFE
* Modern developments

— Today’s cars benefit from military and space program
innovations

— Advancements have improved safety and reliability



Engine Classifications and
Advanced Transportation Technologies




Objectives

* Explain various engine classifications and systems
 Know the various differences in cylinder heads

* Describe differences in operation between gasoline and
diesel four-stroke piston engines

e Explain the operation of two-stroke and Wankel
rotary engines



* Describe the differences between electric, hybrid, and
fuel cell electric vehicles

* Describe the types of hybrid electric vehicles

e Explain the operation of a hydrogen fuel cell




 Technicians should:

— Understand the basic design configurations of
automobile engines

— Use service manuals intelligently
— Communicate with customers or peers

* After reading this chapter, you should be able to look under
the hood and identify the engine type



Engine Classifications

* Piston engines all have the same basic parts
— Differences in design
* Engine classifications
— Cylinder arrangement
— Cooling system
— Valve location and cam location
— Combustion
— Power type
— Ignition system
— Number of strokes per cycle



Cylinder Arrangement

* Automobile engines

— Have three or more cylinders
* Cylinders are arranged in several ways
— In-line: all cylinders arranged in one row

— “V” arrangement: cylinders are cast in two rows (i.e.,
cylinder banks)

— Opposed to each other: suited for smaller
underhood areas



In-line
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Opposed

Figure 16.1 Cylinder arrangements.



Firing Order

* Ignition interval
— Interval between power strokes
* Within two turns of the crankshaft, all cylinders
fire once
— Firing order: order in which the cylinders fire

 Companion cylinders

— Pairs of cylinders in engines with an even number of
cylinders



Figure 16.5 This vintage L-head indine six-cylinder

engine shows companion cylinder pairi
in cylinders 1 and 6,2 and 5, and 3 and

down together.

i

s.The pistons
go up and



Engine Cooling

* Cooling systems

— Air cooling: air is circulated over cooling fins cast into
the outside of cylinders and cylinder heads

— Liquid cooling: has cavities in the block and head
castings called water jackets

* Water pump pumps coolant through the system

e Coolant mixture is designed to prevent rust
and electrolysis: 50% water and 50% anti-
freeze



Valve Location

* Engines are classified by valve location
« Common arrangements

— L-head: common in motor vehicles during the first half
of the twentieth century

— I-head: used in today’s automobiles
* Less exhaust emissions
* Higher compression



Camshaft Location

 Came-in-block engine: pushrod engine

— Camshaft has valve lifters that move pushrods that
operate rocker arms to open the valves

— Found most often on V-type engines
 Cam-in-head engine: overhead cam engine

— Camshaft is mounted on top of the cylinder head, just
above the valve

— Found in in-line engines



Other Cylinder Head Variations

 Crossflow head: intake and exhaust manifolds are on
opposite sides on an in-line engine

— More efficient in moving intake and exhaust
* High-performance breathing arrangements
— Designs can improve engine breathing

* High-performance late-model engines use
multiple valve heads



Combustion Chamber Designs

e Common combustion chamber designs
— Hemi (nonturbulent): efficient at high speeds
— Wedge (turbulent): common in pushrod engines
Other chamber designs
— Pent-roof (V-shaped)
— Chambers shaped like a “D” or a heart
* Diesel engines
— No chamber in the cylinder head itself
* Honda
— Designed a stratified charge design
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Figure 16.13 Combustion chamber designs.
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Spark and Compression Ignition

* Diesel-cycle and four-stroke gasoline engines
— Share the same basic principles
* Gasoline engine: spark ignition (S.l.) engine

* Diesel, compression ignition engines: do not use
a spark to ignite fuel

* Diesel engines
— Compression ratio: comparison between volume of
cylinder and combustion chamber
— Can run at very lean air-fuel mixtures at idle
— Have high particulate emissions



Fuel

injector

(O]
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Figure 16.14 A diesel engine has a fimed high-pressure
fuel injector to control the point of ignition.




Alternate Engines

* Most vehicles use internal combustion four- stroke
piston engines
— Several other engine types have been developed
e Alternate engines found in today's vehicles:
— Wankel rotary (rotary engine): two rotors rotate
inside of a chamber

* Do not have pistons

— Two-stroke cycle engines: use a mixture of oil and
gasoline for lubrication of the crankshaft, connecting
rod, and piston



New Generation Vehicles

* Include:
— ULEVs: ultra-low emission vehicles
— ZEVs: zero emission vehicles
— EVs: electric vehicles
— PEVs: plug-in electric vehicles
* Battery EVs and hybrid EVs: several concerns

— Must carry many nickel metal hydride or lithium-ion
batteries (LIBs), which are heavy

— Specialized hazard and safety training for emergency
service personnel is needed



Regenerative Braking

* During deceleration

— Motor is used as a generator, producing electricity to
recharge batteries as it slows the vehicle down

DECELERATION

— N
( L e @ \
Battery Motor/
pack Generator
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Figure 16.17 During regenerative braking. energy is
recaptured as the motor/generator slows the vehicle
down.




Hybrid Vehicles

* Advantages
— Improved fuel economy
— Increased performance
— Reduction in exhaust pollutants

* Most are powered with an internal combustion engine or
a battery-powered electric motor
* Hybrid combinations
— Series hybrid
— Parallel hybrid
— Series/parallel hybrid



* Major operating difference between hybrid and
conventional vehicles powered only by an engine

— Engine in a hybrid vehicle stops running at idle as long
as certain operating conditions are met

* Improves fuel economy
* Hybrid disadvantages
— High initial costs
— Technician safety concern



Types of Hybrids

* Mild hybrid

— Vehicle moves with power supplied only by ICE
* Medium hybrid

— Added function of electric motor assist
* Full hybrids

— Do everything that medium hybrids do,

— Can also power vehicle using only the electric

motor
— Includes two-mode hybrids



* Power hybrid/muscle hybrid

— As motor speeds up but its torque remains the
same, the engine provides supplementation

* Plug-in hybrid
— Power socket allows larger batteries to be
recharged by an external source of electricity
* Plug-in recharging
— Electrical grid: interconnected network

* Moves electricity from generating stations to
customers



Hybrid Vehicle Service and Safety

* Considerations
— Electrical shock hazard
* Conduit color designations
e Other hybrid vehicle operation, safety, and service

— More information can be found in other chapters




Hydraulic Hybrid Vehicles

 Work in the same manner as HEVs
— Increase overall efficiency
* Run engine at its most efficient rpm
e Capture energy during braking
* Shut engine off whenever possible
— Use reservoirs, accumulators, and pumps
* Instead of batteries
* Hydraulic hybrid system operation

— High-pressure fluid is stored in accumulators at
pressures above 3,000 psi
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Figure 16.21 Parallel hydraulic hybrid operation. (a) High
praessure built by the pump during braking is routed to
the high pressure side of the sysferm where it is stored.
(&) Durimng acceleration, the liquid in the high pressure
tank is routed back o the low pressure tank, which drivaes
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* Generate electricity when needed

— Only exhaust by-products are water and heat
* PEM: proton exchange membrane fuel cell

— Possible internal combustion engine replacement
* Technically hybrid vehicles

— Use an electricity-generating fuel cell engine
rather than an ICE

— Has a backup battery module

— Use an electrochemical reaction to produce
electricity



Fuel Cell Electric Vehicles (FCEVs)

* Fuel cell operation

— Use hydrogen for fuel and oxygen from the air as an
oxidant

 Combining hydrogen and oxygen produces
electricity

* Fuel cell characteristics
— Never run dead
— Stacked and connected in series
— Some use an ultracapacitor

— Expensive to replace



Four-stroke engine driver of most transportation

One preparation cycle and one
power cycle

1.Intake

2.Compression

3.Combustion

4.Expansion

Note: Need for spark plug to set
off combustion

Note: Means of converting linear
motion to rotational — looks similar
to “sun and planet” gearing from
Watt’s steam engine

Ignition




Four-stroke engine driver of most transportation

Advantages:
Produces heated, compressed,
very dense fuel/air mixture
Disadvantages: 'gnition
“off” half the time — half the
power-to-mass ratio that it Copyright 1698
might have

Must have at least two
cylinders, since when one is
“off” the other must be
providing the push to keep
rotating the shaft




Four-stroke engines:

generally have pairs of cylinders

In practice, gasoline engines typically have from 4-8 cylinders Out-
of-phase cylinders must provide required force to drive pistons
through compression phase and yield balanced power

Note: central crankshaft allowing pistons to turn linear motion
into rotational motion and to put work into the same shaft
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Four-stroke engines:
generally have pairs of cylinders
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Some high-power automobile engines have 8 cylinders, hence “V8”
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BMW M3 V8 Engine: 4.0-litres




Two-stroke engine

Advantages: Higher power-to-mass since is never “off” — each stroke
is power stroke. Smoother power in one- cylinder engine
Therefore engine of choice for cheap or hand-carried applications

Disadvantages: Some unburned fuel escapes — very polluting
Since fuel fills crankcase, lubricating oil must be mixed into fuel
mixture — even more polluting

Burning fuel
forces piston
Fuel is vn, compressing
compressed .fuel mixture Burned fuel
and ignited. in crankcase. is pushed out
> by compressed
fuel mixture.
Transfer port is ‘
uncovered and
Transfer port @ fuel mixture
is covered. — forced into
[ o cylinder.
000
e
.Fuel mixt.ure ankcase
is drawn into

crankcase.

Intake port
is covered and
valve forced closed.

valve open

downstroke



Thermodynamic cycles: Otto cycle

Fast combustion + valve opening -> 2 constant- volume legs.
(Sparkplug must ignite quickly and completely). Contrast with

isobars of Brayton cycle.

"I a4

Y

1-2, Intake

2-3, Compression
3-4, Combustion
4-5, Expansion
B-6, Blowdown
6-1, Exhaust

Ignition

Efficiency =1 -1/rk where = rk = compression ratio V1/V2



Thermodynamic cycles: Otto cycle

Fast combustion + valve opening -

Since efficiency is a

143 Tntake function of compression

Pr 4 2.3, Compression ratio, engineer for high
3-4, Combustion ratios, typ. ~ 10:1 in cars
i 8 4-5, Expansion Figure: web.mit.edu
B-6, Blowdown
3 6-1, Exhaust
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UNIT-II
COOLING SYSTEM



Course Learning Outcome

CLO4  Compare the different cooling processes in I.C engines,
working of radiator and cooling accessories.

CLO5  Analyse the different spark ignition system advantages
of each individual system.

CLO6 Understand the working of different automobile
components like lighting system, horn, wiper, fuel gauge,
temperature indicator.




Cooling System Service Objectives

* Diagnose cooling system problems

* Service all parts of the cooling system




Introduction

* Cooling systems are dependable

— Require periodic maintenance
* Coolant system service

— Best value in terms of preventative maintenance
* Working on cooling systems is not difficult

— Sometimes very profitable



Diagnosing Cooling System Problems

* Causes of cooling system problems:
— Coolant level
— Restricted radiator
— Stuck thermostat
— Defective water pump
— Fan shroud
— Frozen coolant
— Defective cooling fan
— Exhaust blockage
— Inoperative EGR valve



Damaged
coolant

Leaking coolant pump

or worn bearing

Defective fan clutch

| Swollen upper
radiator hose
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Radiator Cap

« Damaged cap allows pressure to escape
— Boiling point may drop causing boil over
— Pressure tester tests the cap’s pressure valve
* Radiator inspection
— Inspect for leaks, damage, and obstructions
* Coolant should fill entire radiator opening as it flows
* Check condition of fins by rubbing gently
* Broken engine mount can cause excessive movement

* Leaks from heat exchanger cause transmission fluid to
be pumped into radiator



Coolant Service

* Coolant loses protective ability and becomes corrosive

— Check cold coolant for grease, dirt, rust, and corrosion
bloom

— Electrolysis makes small holes in parts
* Cooling conductivity is checked with voltmeter
* Voltmeter reading should be less than 0.4
* Also caused by poor electrical conductivity in ground
circuit
— Coolant should be changed every 30,000 miles
— Most radiators have plastic drain valves



* Special tools are used to separate a stuck hose from the radiator
* Flush the system
— Dirt and minerals build up in water jackets
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Figure 21.9 If a radiator hose will not come off without
forcing it, cutting the hose might be necessary.



 Airlift leak check and airlock purge
— Venturi system: uses compressed air to create a vacuum in the

cooling system

* Effective way to check for leaks and refill the cooling system

Tim Gilles

Figure 21.11 A cooling system air lift.




* Coolant exchanger: prevents spillage

Aluminum oxide: forms when coolant is over diluted

Tim Gillas

Figure 21.12 A coolant exchanger.



Testing Coolant Condition and Strength

e Coolant test strips
— Test the condition of the coolant
* Coolant alkalinity (pH)
— Coolant must continue to contain reserve alkalinity
* Coolant density testers
— Measure a coolant’s freeze point
* Hydrometers and refractometers
— Test coolant concentration
* Several coolant types
— DexCool and HOAT coolant



Thermostat Service

e Test in the vehicle
— Hand-held multimeter or putting it into coolant
* Thermostat check after removal

— Lower into hot water with a thermometer

* Good thermostats: fully closed when cold and fully
open near its rating

— When removing: drain until level is below thermostat
housing first

— When replacing: be sure the thermostat fits into the
groove in the block or outlet housing

* Bleed air from the system to prevent overheating



Locating Leaks

* Locate leaks before starting a repair
— Pressure tester identifies internal or external leaks

— Test engine at different temperatures

TmGilles

Figure 21.26 A pressure tester installed on a radiator
filler neck.



DUWANEIEELS

* Check for external leaks:
— Heater core and hoses
— Radiator hoses
— Thermostat housing and core plugs
— Radiator and coolant pump
* Core plug inspection
— Common: rust and leakage
e Coolant outlet (thermostat) housing inspection
— Inspect for leaks or damage



Internal Leaks

* Bubble test
— Look for bubbles in radiator when engine is warm

* Hydrostatic lock

— Engine stops with a piston down with valves closed
and crankshaft will not turn

* Block check test
— Samples air in the radiator filler neck
— Carbon monoxide changes the color of the tester

* Infrared analyzer
— Checks for exhaust gas in the coolant



Recovery Tank Service

* Most cooling systems have a plastic coolant reservoir or
recovery tank

— Recycles the coolant
— Helps decrease corrosion
* During a cooling system flush

— Recovery tank or auxiliary reservoir is flushed of
contaminants



Cooling System Repairs

* Replacing core plugs
— Pound it sideways with a blunt drift punch
— Do not leave an old core plug inside the block
* Core plug installation
— Clean the block opening with an emery cloth
— Apply sealer to sides of new plug

— Pound in with a driver or socket that fits loosely into
the inside diameter of plug



Water Pump Service

e Coolant pump leakage: visible from vent hole
 Worn bearing: use a stethoscope to listen for bad bearing

* Worn or broken impeller: indicated with water pump action
in radiator of warm, running engine

 Water pump replacement: before installing, remove
all fasteners

— Inspect the old pump, select a new one, install, and
refill



Fan Inspection

* Out-of-balance fan assembly leads to cooling pump
shaft and bearing failure
* Possible sources of pump failure
— Leaking fan clutch
— Bent or broken fan
— Cocked or cracked aluminum fan spacer

e Clean all mating surfaces and tighten fan bolts evenly to
avoid cocked assembly
* Fan clutch inspection
— Fluid leaks and see if it is loose or frozen



Tim Gillas

Figure 21.38 Some frucks and SUVs use a beli-driven
fan clutch. Inspect it for leakage.



Electric Cooling Fan Service

* Electric fans respond to signal from coolant
temperature switch
— Check for disconnected wire or burned out fuse
* Inspection
— Ohmmeter reads across the switch terminals
» Should indicate infinite resistance

— Wires connected: fan should engage when engine is
warm

— Wires disconnect: ohmmeter should indicate no
connectivity



Heater Core Service

* Heater core
— May leak or become plugged
— Supplied with engine coolant through two hoses

— Heat demands: controlled by doors to ducts
around heater core

* Hybrids cooling systems

— Powered by electric motors that do not produce heat
when the engine is shut off

* Coolant system does not have to deal with heat load



Inverter coolant
reservoir Inverter

Tim Gilles

Figure 21.41 Coolant reservoir for a hybrid high-voltage
system.



Ignition Systems

Spark plug lead




e Chat about Ignition Systems

 Demo Ignition Tools

e Spark Plug Testing Activity




Outline

* Magnets and electricity
* Ignition components
* Basic ignition system operation

* Types of ignition systems

* Solid state ignition system




Magnets and Electricity

* Conductor — A material or an object that allows
electricity to flow easily Ex: Gold,
copper, aluminum

* Insulator — A material or an object that don’t allow
electricity to flow easily Ex: Glass,
Porcelain, wood



Magnetic Field
— The space around a magnet that contains a force of

attraction
— This force of attraction is called magnetic lines of force

or magnetic flux
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 If a conductor, such as copper, is moved so that it cuts
magnetic lines of force, an electron flow is induced in the
conductor




* A conductor that is not moving and not cutting magnetic lines
of force will not induce electrical current

STATIONARY WIRE

NO CURRENT
FLOW



* Magnetic Induction - If a conductor is moved through a magnetic
field, a voltage will be induced on that conductor.

Faradays Law of Induction

Kieran Mckenzie




Ignition Components

 Switch — electrical device that turns the current on
and off

e Capacitor (condenser) — electrical component

that can store an electric charge.




* Diode Rectifier — Changes alternating current to
direct current

 Silicon-controlled Rectifier (SCR) — consists of a diode
and transistor and is used as a switching device in
electronic circuits




 Magnets — Attached to the flywheel and are used to induce
an electric current around the armature




* Armature/coil — consists of a coil wrapped around an iron
core. The coil is a small transformer that steps-up low
voltage (6-12v) to high voltage (20 — 40kv)

ARMATURE IGNITION
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* Primary Winding

— Thick wire that is wrapped around the core
between 150 and 200 times.

— The primary winding is the low voltage wire that
carries 6-12 volts




Ilgnition Components

* Secondary Windings

— Thin wire that is wrapped around the primary
winding about 20,000 times

— The secondary winding is the high voltage wire that
carries 20,000 — 40,000 volts




Low Voltage Lead — carries low voltage from the battery or
armature to primary side of coil

High Voltage Lead — carries high voltage from the
secondary side of the coil to the spark plug




Terminal

Insulator
e Spark Plug
— provides a gap for _
electricity to jump . F Shell
across, producing a
spark that will ignite

. Center
the engine’s fuel

Electrode

Side Electrode



Basic Ignition System Operation

* As the flywheel spins, the magnets move close to the
armature/coil.

 The magnetic field induces an electrical currentin
the primary windings

* The current induces a voltage in the secondary
winding



 When the current flow through the primary winding is
stopped the magnetic field collapses rapidly and will induce a
high voltage current in the secondary winding.

* The current then runs directly to the spark plug and
causes a spark to jump across the spark plug gap.



lgnition Tools

* Micrometer

e Caliper

* Feeler Gauge

» Spark plug tester (Ignition tester)
e Spark plug wrench

* Flywheel holder

* Torque Wrench

* Dial Bore Gauge




Three Types of Ignition Systems

1. Magneto Ignition System

2. Battery Ignition System

3. Solid State Ignition System




Magneto Ignition System

* Generates power through magnetic induction.

e Contains mechanical components (breaker
points) that perform the switching action in the
ignition circuit




Battery Ignition System

* A battery is used to provide power to the ignition
circuit instead of magnetic induction.

* Uses either mechanical or electrical components to
perform the switching action in the ignition circuit
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Solid State Ignition System

* Generates power through magnetic induction.

e Contains electrical components (diode rectifier, SCR,
capacitor) that perform the switching action in the ignition
circuit

Ignition
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Discharging the capacitor
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The ignition switch is in the on position and a low
voltage alternating current (AC) is produced in the
charge coil by the flywheel magnets.

The AC current passes through the rectifier and is
changed to direct current (DC).



 Which then travels to the condenser where it is stored
temporarily.

* The flywheel magnets pass the trigger coil and produce a
small electrical charge which turns on the silicon controlled
rectifier (SCR).



* The SCR now permits the current to flow to the primary winding
of the ignition coil producing a strong magnetic field.

* The production of this magnetic field is sufficient to cause a

high voltage induction in the secondary windings of the ignition
coil.



* The current then travels to the spark plug and arcs across
the air gap.
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UNIT-III
TRANSMISSION AND SUSPENSION SYSTEMS



CLOs Course Learning Outcome

CLO7/

Understand the different working principles of clutches,
and fly wheel.

CLOS8

Analyse the transmission systems like gear boxes,
propeller shafts, universal joints, differential gear boxes.

CLOS

Explain the shock absorbers, suspension system and
mechanisms.




A gear is a wheel with teeth on its outer edge.
The teeth of one gear mesh (or engage) with the teeth of another.

Above Gears meshing or engaged



Driver and Driven

* Two meshed gears always rotate in opposite directions.

Spur Gears

Driven gear .
J Driver gear
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Simple Gear Train

e Multiple gears can be connected together to form a gear train.

Each shaft carries only gear wheel Intermediate gears
are known as Idler Gears.



Compound Gear Train

If two gear wheels are mounted on a ¢&
common shaft then it’s a Compound ¢
Gear train.

Driver
Compound

\4 Gear

»
-
f
M
u
»
b4
-
- .
e

Driven



Gear Ratio

* Generally, the Gear Ratio is calculated by
counting the teeth of the two gears, and
applying the following formula

Gearratio = (Number of teeth on driven gear)
(Number of teeth on driver gear)




Gear Ratio - Calculation

A 100 tooth gear drives a
25 tooth gear. Calculate
the gear ratio for the
meshing teeth.

Gear ratio = (Number of teeth on driven gear)
(Number of teeth on driver gear)

Gear ratio = driven 25 =

=

driver 100 4

This is writtenas 1:4




Gear Speed :- Calculation

A motor gear has 28 teeth and revolves at
100 rev/min. The driven gear has 10
teeth. What is its rotational speed?

28 teeth,
driver /
10 teeth, driven/

Speed of driven gear = Number of teeth on drivergear x 100

Number of teeth on driven gear

Speed of driven gear = driver = 28 x 100 = 280 rev/min

driven 10



Worm gear and wheel

* The worm gear is always
the drive gear




Rack and Pinion

* The rack and pinion gearis used to

convert between rotary and linear
motion.

Heavy Duty
Car Jack



Bevel gears

* Bevel gears are used to transfer drive through an angle of 90°

Bevel Gears



Important Calculations

Work Done = Force x Distance moved in the direction of the force

Total Work Done

Power - Total Time Taken
Power Output

Efficiency % = PU 100
Power Input

Efficiency = Mechanical advantage

Velocity ratio

Friction: Resists the movement of one surface
over another



Gear trains

* Change torque, speed
* Why we need gears
 Example: engine of a containership

— Optimum operating speed of the engine about 400
RPM

— Optimum operating speed of the propeller
about 100 RPM

— Need reduction gear

130



Connecting main shaft to propeller shaft

Propeller, Output flange

operates at about 100 \

RPM

i Engine
Gear

L AN

Engine operates at
about 400 RPM
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Types of gears

PINION GEAR;E I

SPUR HELICAL SPIRAL BEVEL SPUR BEVEL SPIRAL BEVEL
GEARS GEARS GEARS GEARS GEARS
PINION INTERNAL

GEAR PLANET
PINION

GEAR
Vi)

RACK GEAR

RACK-AND-PINION
GEARS WORM GEARS

HYPOID GEARS

PLANET
PLANET-PINION PINION

CARRIER AND SHAFT
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Gear box

1

AL

A e

) mmmuy___

.l-;{

The gear box is in first gear, second gear
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Gear Nomenclature

—
Addendum

- Tooth
Dederidum thickness

Clearance

A | S .
Fillet M
radius  Dedendum N\

circle Clearance
circle




Important definitions

* Velocity ratio=mV=angular velocity of output gear/
angular velocity of input gear=pitch diameter of input
gear/pitch diameter of output gear

* Torque ratio=mT=torque at output gear/torque at input
gear

e mT=1/mV

* Gear ratio=mG=Ngear/Npinion, mG is almost always
greater than one

135



Fundamental law of tooth gearing

velocity ratio must be constant as gears rotate

Angular velocity ratio= ratio of
distances of P from centers of

rotation of input and output
gear.

If common normal were
fixed then the velocity ratio
would be constant.
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If gear tooth profile is that of involute curve then fundamental law
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Generating gear teeth profile

Steps:

eSelect base circles

*Bring common normal AB
eDraw involutes CD, EF

B Base
cylinder

Base cylinder




Gear action

Angular velocity of Gear 3 / angular Velocity of gear 2
= 02P/03P = constant

139



Fundamental law of gearing:

The common normal of the tooth profiles at all points within
the mesh must always pass through a fixed point on the line
of the centers called pitch point. Then the gearset’s

velocity ratio will be constant through the mesh and be
equal to the ratio of the gear radii.
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Final contact; C

Path of approach: BP=u,=[(r;+a)2-r 2]Y2-rssing
Path of recess: PC=u=[(r,+a)2-r 2]¥2-r,sing

b3

b2
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Stndard gears

American Association of Gear Manufacturers (AGMA) (6.4)

Teeth of different gears have same profile as long as the angle of
action and pitch is the same.

Can use same tools to cut different gears. Faster and cheaper

product. Follow standards unless there is a very good reasons not to
do so.
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Template for teeth of standard gears

-1
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AGMA Specifications

* Diametral pitch, pd=1, 1.25, 1.5,...,120
 Addendum of pinion = addendum gear
* Observations

— The larger the pitch, the smaller the gear

— The larger the angle of action: the larger the
difference between the base and pitch circles, the
steeper the tooth profile, the smaller the transmitted
force.
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AGMA Standard Gear Specifications

Parameter Coarse pitch Fine pitch
(p=N/d<20) (p=N/d>20)
Pressure angle, ¢ 200 or 259 (notcommon) 200
Addendum, a 1/p4 1/p4
Dedendum, b 1.25/py 1.25/py
Working depth 2.00/py 2.00/py
Whole depth 2.25/py 2.2/p4+0.002
Circular tooth thickness | 1.571/p4(=circular pitch/2) 1.571/py
Fillet radius 0.30/py4 Not standardized
Clearance 0.25/py 0.25/p4+0.002
Minimum width at top 0.25/py4 Not standardized
land
Circular pitch m/py /Py
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Min: 0'25/pd

/Py
Dedendum
circle

Clearance

i

radius

earance

circle
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Planetary (or Epicyclic) Gears (10.4)

* Gears whose centers can move

* Used to achieve large speed reductions in compact
space

e Can achieve different reduction ratios by holding different
combinations of gears fixed

 Used in automatic transmissions of cars

148



Planetary Gear
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Components of a planetary gear

Planat aaar r2\

Planet
Carrier
" Input shaft

\

- Sun gear

Ring ge

e 4

Ring ~~ar

(a)




A variant of a planetary gear

Lpilly CIOCKWISe,

Link 2
Carrier
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Velocity Analysis Of Planetary Gears (10.6, 10.7)

* Two degrees of freedom

* Given the velocities of two gears (e.g. sun and carrier)
find velocities of other gears

* Approach

— Start from gear whose speed is given

— Use equation ge, = Ocart Wgear/car
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Velocity analysis of planetary gear

arrisr, &

| tecth



Suspension

Objectives

* |dentify parts of typical suspension systems

* Describe the function of each suspension system
component

 Compare the various types of suspension systems




Introduction

* Vehicle chassis components

— Frame

— Shocks and springs

— Steering parts

— Tires, brakes, and wheels

* Suspension system

— Part of the chassis
— Many designs and many part names
* This chapter uses standard names



Suspension

* Supports the vehicle and cushions the ride
— Holds tire and wheel in correct position
* Sprung weight
— Weight supported by car springs
* Powertrain, body, and frame
* Anything carried by the weight of springs
* Unsprung weight
— Reducing unsprung weight increases control
* Tires, wheels, brakes, bearings, axels, and differential



= A
D Sprung weight
X e X

= =
C

®
Unsprung weight

7~

Sprung weight

L

Unsprung weight

Figure 63.2 A comparison of sprung and unsprung weight.
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Frame and Suspension Designs

e (Cars are designed to be lightweight
— Improves fuel economy
 Newer cars have front-wheel drive
— Older cars had rear-wheel drive
