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B AUTOMOBILE TECHNOLOGY

FOREWORD

Dear Learners,

This book is intended to serve as a ready reference for learners of vocational
higher secondary schools. It offers suggested guidelines for the transaction
of the concepts highlighted in the course content. It is expected that the
learners achieve significant learning outcomes at the end of the course as
envisaged in the curriculum if it is followed properly.

In the context of the Right- based approach, quality education has to be

ensured for all learners. The learner community of Vocational Higher
Secondary Education in Kerala should be empowered by providing them
with the best education that strengthens their competences to become
innovative entrepreneurs who contribute to the knowledge society. The
change of course names, modular approach adopted for the organisation
of course content, work-based pedagogy and the outcome focused assessment
approach paved the way for achieving the vision of Vocational Higher
Secondary Education in Kerala. The revised curriculum helps to equip the
learners with multiple skills matching technological advancements and to
produce skilled workforce for meeting the demands of the emerging
industries and service sectors with national and global orientation. The
revised curriculum attempts to enhance knowledge, skills and attitudes by
giving higher priority and space for the learners to make discussions in
small groups, and activities requiring hands-on experience.

The SCERT appreciates the hard work and sincere co-operation of the
contributors of this book that includes subject experts, industrialists and
the teachers of Vocational Higher Secondary Schools. The development
of this reference book has been a joint venture of the State Council of
Educational Research and Training (SCERT) and the Directorate of
Vocational Higher Secondary Education.

The SCERT welcomes constructive criticism and creative suggestions for
the improvement of the book.

With regards

Dr. P. A. Fathima
Director, SCERT Kerala

O
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ABOUT THE COURSE

The department of Vocational Higher secondary Education (VHSE) prior to
curriculum revision offered two coursesrel ated to automobileindustry. They were
Maintenance and Repairsof Two Whedersand ThreeWheders(MRTWTW) and
Maintenance and Repairsof Automobiles(MRA). Currently thesetwo courseshave
been merged and isrenamed asAutomobile Technology (AT). Thisendeavour will
definitely enhance thejob opportunities of our students. Moreover, studentscan
asofor higher education at thediplomaand degreelevel sin automaobiletechnol ogy.
Inthisrevised curriculum, we havetried to incorporate the concept and ideas of
modern automobile systemsand its components.

Astheautomobileindustry isafast developingfield all over theworld, automobile
technology hasmuch scopein India Thisisoneof thefastest growing engineering
sectorstoowith theincreasing demand of cars, bikesand other vehicles, companies
show their interest to set up plantsin various statesof India. Now many foreign car
companies are competing with each other to set up their firmsin our country. As
Indiaisthesecond largest popul ous country in theworld thereisimmense scopein
plenty of job opportunitiesareavailableasmillionsof plenty of job opportunities
areavailableasmillionsof vehicleshaveto be maintained in trouble- less smooth
condition. Presently, Indiaisfacing acuteshortageof skilled workers After completing
automobiletechnol ogy coursein Vocational Higher Secondary, the studentswill get
easy accessto variousjob opportunitiestheautomobile sector. Thecourseisdesigned
to hel p studentsgrab opportunitiesin the present global crisisscenario.

Students having bas ¢ knowledge and practiceinAutomobile Engineering will have
alot of opportunitiesnot only inIndiagbroad. Automobile Technology isthusdesigned
to perfect the studentsin the service and maintenance of automobiles. Thiscourse
hasfour modulesand each module hel psthe student to understand thevarious areas
of an automobile. Each moduleis designed to acquire some specific skillsas per
industrial needs. The duration of one module is 340 hours, out of which thirty
percentageisa lotted to theory and seventy percentageto practical. Moreover four
weeksof OJT isasofacilitated to our studentsfor acquiring thestrategiesand skills

O
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of area work situation. With thegrowthin automobile sector, thejob opportunities
beforeour sudentsarevaried. Therearelotsof opportunitiesintheareasof designing,
manufacturing, servicing, transport companies, defense services, insurance, private
sector etc. TheAutomobile Technology courseisdesigned as per NSQF norms
and it coversall the basic automobiletechnologies at theforeman skill level. Itis
specially designed to support studentswho opt for higher education.

MAJOR SKILLS

After the completion of the course the students are expected to achievethe
followingskills

» Automotive ChasssMaintenance Skill

» Automotive EngineMechanic

*  Automotive Transmission Troubleshooting Skill

» AutomotiveElectrician
SUB-SKILLS

* Draftsmanskill

»  Suspensionrepair skill

*  Whed dignment

» Tyrepuncturerepairing

» Brakemechanic

» Diesd mechanic

Petrol mechanic

» Cdibrationtechnician

» Readiator repairing

» Transmissonreparing

e Wiringill

* Batery maintenance

* Pollutiontesting kill
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Syllabus
MODULE 3: AUTOMOTIVE TRANSMISSION SYSTEMS
3.1 CLUTCH (80 Periods)

Purpose of clutch - Functions of clutch-Requirements of clutch - Types of
clutch-Singleplatecutch, multi plateclutch, centrifugd clutch, digphragm spring
clutch, semi centrifugd clutch -dry and wet clutches- constructionand working
of single plate(thrust spring type and diaphragm spring type), multi-plate,
centrifugd clutch - Clutch components-clutch disc, dutchfacing, pressureplate,
springs, bearings- Clutch actuating mechanisms-mechanical, hydraulic,
€electromagnetic, vacuum and clutch-by-wire- clutchfreepeda play adjustment.

3.2 MANUAL TRANSMISSION (96 Periods)

Types of gears- straight spur gear, helical spur gear, bevel gear, spiral bevel
gear, hypoid gear-Gear ratio-function and necessity of transmission-resistance
on moving vehicle- necessity of providing gear box- types of gear box-diding
mesh, constant mesh, synchromesh gear box- construction and working of
congtant mesh gear box and synchromesh gear boxes-synchronizing unit-selector
mechani sms--gear box |ubrication-transfer box-transaxles

3.3 AUTOMATIC TRANSMISSION (74 Periods)
Semi- automatic- fully automatic - epicyclic gear box- freewhed unit -fluid
flywhesel -torque converter-overdrive- Continuously Variable Transmission
(CVT)-Automated Manual Transmission (AMT) - typesof AMT, singlesided
clutch transmission (SSCT), double sided clutch transmission (DSCT), dua
clutchtransmission (DCT/DSG) modern shift control techniques- Select Shift
Manud (SSM) and Auto Shift Manua (ASM) modes

3.4 DRIVE LINE (90 Periods)

Driveline- propeller shaft- slip joint-universal joints-hooksjoint( variable
velocity), rzeppajoints( constant velocity) - final drive- typesof crownwheel
and pinion drive-straight beve gear, spird bevel gear, hypoid gear- congtruction
and working of differentia -limited dip differential-typesof rear axle casing-
rear axledrives- Hotchkissdrive, Torquetubedriverear axle shaft supporting-
semi- floating axle, full floating axleand three quarter floating axle

>
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MODULE 4 AUTOMOTIVE ELECTRICAL SYSTEMS
4.1 AUTOMOTIVE BATTERY (60 Periods)

Function-types of battery-lead acid, akaline battery, zinc-air battery, nickel-
metal hydride battery, lithium- ion battery-construction and working of lead
acid battery-characteristics of battery - cell voltage, battery capacity ,battery
rating - battery testing-specific gravity test, open volt test, high dischargetest,
cadmium test- battery charging methods- d ow rate charging, quick ratecharging,
tricklecharging - careand maintenance of battery

4.2 CHARGING SYSTEM (50 Periods)

Function- requirements-charging circuit-generator principle-faraday'slaw of
el ectromagneti ¢ inducti on-alternator- construction and working of dternator-
aternator regul ation- comparison of aternator with DC generator

4.3 STARTING SYSTEM (40 Periods)

Function-starting circuit-starting motor- construction and working of starting
motor-starter drives-bendix drive, overrunning clutch or preengaged typedrive,
dyer drive-construction and working of axial starter motor, construction and
working of over running clutch drive-construction and working of solenoid
switch- electronic starter control

4.4 LIGHTING SYSTEMS AND ELECTRICAL EQUIPMENTS (58Periods)

Electrical symbols-wirecolor codes- lighting circuits- head lamp circuit, tail
lamp circuit, stop light circuit, parking light circuit, number platelight circuit,
instrument panel light circuit, interior light circuit-types of head lamps-
incandescent lamps, halogen lamps, High Intensity Discharge (HID) lamps,
LED lamps-lighting switches- light switch, dimmer switch, stop light switch-
instrument panel indicating lights-main beam warning lights, ignitionwarning
lights, flashingindicator warninglight, oil pressurewarninglight, chargeindicator
light-directionindicator circuit-flasher unit- horn circuit-congructionand working
of electric horn- horn relay- wind screen wiper-speedometer and odometer-
central locking-power window- - seat belts-pretensioner and load limiter-air

bags
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4.5 IGNITION SYSTEM (82 Periods)

Function of ignition system-typesof ignition system-bettery coil ignition system-
magneto ignition system-el ectronic ignition system- working of battery coil
ignition syssemwith circuit diagram - working of magnetoignition systemwith
circuit diagram- componentsof ignition system- battery, ignition coil, contact
breaker, condenser, digtributor, spark plug , magneto -construction and working
of ignition coil, spark plugs- function and working of distributer - concept and
function of centrifugal and vacuum advance systems -compari son between
battery coil and magnetoignition systems

Basic e ectroni cs-semi-conductors, diodes, transistors, thyristor-Electronic
ignition systems- contactlessdistributor type, distributor lesstype- Capacitor
Dischargelgnition (CDI) -coil on plug -timers- pulsegenerator, hal-effect pulse
generator, optical pulse generator.

4.6 EMISSION CONTROL (50 Periods)

Necessity of emission control-sources of automotiveemission-chartsshowing
Euro norms of Bharat Stage 3 and 4 of passenger cars, Heavy duty diesel
vehidesand 2 whed er-implementation scheduleof euronormsin India- postive
crank case ventilation- vapour recovery system- EGR system- air injection
system- PulseAir- Injection Reactor (PAIR) system- catal ytic converters- two
way and threeway catdytic converters
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MODULE 3 -
AUTOMOTIVE TRANSMISSION SYSTEMS

OVERVIEW

The power devel oped by the engine hasto reach the road wheel sfor moving the
vehicle. Transmission system dead swith thisobjective. It transmitspower towhed's
asand when required by varying speed and torque. Thisunit comprisesdifferent
components of Automotive transmiss on depending upon thelr purpose. Sometimes
we may not haveto transmit power; we may haveto vary the torque and speed,
transmit power at varied angles and lengths, and have to transmit more power to
outer wheelsthan theinner wheelswhiletaking aturn. Thesedifferent functionsand
situationsaretackled by thissystem.

Thismodul ealso dealswith themost modern concepts of transmission system. It
describes the function, construction and working of automatic transmission.
Transmisson sysemisthebiggest sysemin automobiletechnol ogy providing severd
career opportunitiesfor the students.
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3.1 CLUTCH
INTRODUCTION

The engine power need not be transmitted to road wheels while shifting gears
and starting the engine. A mechanism is essential for this. Clutch serves this
purpose. The unit describesthe function, purpose, typesof clutch, construction
and working of different typesof clutch, clutch actuating mechanismetc. Different
clutch troubles; their causes and remedies, clutch adjustment, dismantling and
assembling of different clutches are also dealt with this unit.

LEARNING OUTCOMES

After the completion of this unit the learner will be achieve the following
|earning outcomes.

The learner ;
e understandsthe purpose, functions and requirementsof clutch.
* classifiesdifferent typesof clutch
. Singleplate clutch
. Multi plate clutch
. Centrifugal clutch
. Diaphragm spring clutch
. Semi- centrifugal clutch
. Wet type
. Dry type
» explainsthe construction and working of single plate clutch (thrust spring
and digphragm spring type)
* explainsthe construction and working of multi-plate clutch
*  explainsthe construction and working of centrifugal clutch
* identifies, locate and explain the function of clutch components
. Clutch plate
. Clutchfacing
. Pressure plate

. Release bearing
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* explainstheworking of clutch actuating mechanisms
. Mechanica

. Hydraulic
. Electromagnetic
. Vacuum
. Clutch- by- wire
» carryoutsclutch free pedal play adjustment

UNIT IN DETAIL
3.1.1.1 PURPOSE OF CLUTCH

In vehicles with a manual transmission or manual transaxle the power flows
through aclutch. This device engages and disengages the manual transmission
or transaxle and the engine. When the driver pushesthe clutch pedal down, the
clutch disconnects or disengages from the engine flywheel. No engine power
can flow to the transmission or transaxle. When the driver releases the clutch
pedal the clutch engages. This allows power to flow to the transmission.

3.1.1.2 FUNCTIONS OF CLUTCH
The clutch hasfour functions:

1. It canbedisengaged. Thisallows engine cranking and permits the engine
to run freely without delivering power to the transmission.

2. Whiledisengagedit permitsthedriver to shift thetransmission into various
gears.

3. Whileengaging, theclutch dipsmomentarily. Thisprovidessmooth engagements
and lessensthe shock on gears, shafts, and other drivetrain parts.

4. Whenengaged, theclutch transmits power from theengineto thetransmission.
All dipping hasstopped.

3.1.1.3 REQUIREMENTS OF CLUTCH
1. Torquetransmisson

The clutch should be ableto transmit the maximum torque of the engine under
al condition.

&
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2. Gradual engagement

The clutch should positively take the drive gradually without occurrence
of sudden jerks.

3. Heat dissipation

During clutch application large amount of heat are generated. The rubbing
surfaces should have the sufficient areaand the massto absorb heat.

4. Dynamicbaancing
Thisisnecessary particularly inthe high speed clutches.
5. Sze

Thesize of the clutch must be smallest possible so asto occupy minimum
amount of space.

6. VibraionDamping
Suitablemechanism should be usad withinthedutch, to €iminatenoiseproduced
inthetransmission.

7. Inetia
Theclutch rotating parts should have minimum inertia. Otherwise, when the

clutchisreeasedfor gear changing, theclutch platewill kegp on spinning causing
hard shifting and gear clashing in spiteof synchronisation.

8. Clutchfreepedd play

To reduceeffective clamping load on the carbon thrust bearing and wear there
of sufficient freepedal play must beprovidedintheclutch.

9. Easeof operation

For higher torquetransmiss on the operation of disengaging theclutch must not
betiresomefor thedriver.

Assessment Activity

Ask the studentsto completethe blanksin each columnsof thechart givenbelow. In
thefirst columnthey haveto writethe purpose and the other situationswhen clutch
isused inautomobiles; in the second column, the requirements of clutch andinthe
third, typesof friction clutches. Give onescorefor each correct answer.

&>
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Completethe blanks.

Usage and purpose of Requirements Types of friction
clutch of clutch clutch

1. While starting the 1.Gradual engagement 1.Single plate clutch
engine

2. 2. 2.

3. 3. 3.

4, 4, 4,

5. 5. 5.

3.1.2 TYPES OF CLUTCH
Thefollowing arethe main types of clutches.
1. Frictionclutches
2. Fluid flywheel
Friction clutches are mainly classified into
* Singleplateclutch
* Multi plateclutch
» Centrifugal clutch
» Diaphragm spring clutch
»  Semi centrifugd clutch
Dry clutch

In this type of clutch friction plate is aways dry. There is no oil inside the
clutch assembly.

Wet clutch

The construction of wet clutchissimilar to that of dry type except that herethe
clutch platesareawayswetted by ail circulation.

Many types of wet clutches are used in trucks, simple type is spray type. Its
construction issimilar to that of dry type except that adifferent type of friction
material isused and theconstruction of clutch plateisaso different. Theoil issprayed
through holesin clutch plate by anozzle. Thistypeof clutchissuitablefor small
trucks.
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All thesetypesof clutches are attached to the engine flywheel which actsasthe
driving member alongwith the pressureplate.

3.1.3 SINGLE PLATE CLUTCH
3.1.3.1 THRUST SPRING (COIL SPRING) TYPE

Themain componentsof clutch areclutch plate, clutchfacing, pressureplate, springs
and bearing.

A smplified sketch of asngleplateclutchisgiven. Friction plateisheld between the
flywhed and thepressure plate. Thereare pringsarranged circumferentialy, which
provideaxid forcetokegp theclutchinengaged postion. Thefriction plateismounted
onahubwhichissplined frominsdeandisthusfreeto dide over thegearbox shaft.
Friction facing isattached to thefriction plate on both sidesto providetwo annular
friction surfacesfor thetransmission of power. A pedd isprovided to pull thepressure
plate against the spring forcewhenever itisrequired to bedisengaged. Ordinarily it
remainsinengaged position.

LYWHEEL

Af A4

When theclutch pedal ispressed
thepressure plateismovedtothe
right againgt theforce of springs.
[SEARING Thisisachieved by meansof a
cLuTensaarT - guitable linkage and a thrust

; bearing. With thismovement of

LUTCH PEDAL

ULCRUM PIN

ENGINE
SHAFT

the pressure plate the friction

| plateisreleased andtheclutchis
PRESSURE PLATE disengaged.
CLUTCH PLATE Inactual practicetheconstruction
FRICTION LINING )
; CLUTCH SPRING of theclutch differs. Thepressure
[ 738 4 g plate, the springs, the release
v 4 [NV VY leversand the cover formasub

assembly called the cover
assembly. This can be mounted directly to the engine block by placing the clutch
platein betweentheflywhedl and the pressure plate with the clutch shaft insertedin
place.

>
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3.1.3.2 DIAPHRAGM SPRING TYPE SINGLE PLATE CLUTCH

The construction of diaphragm spring type single plate clutch issimilar to that
of the single plate type clutch with thrust spring except that here diaphragm
spring is used instead of the ordinary coil springs. In the free condition the
diaphragm spring isof conical form, but when assembled it isconstrained to an
approximately flat condition because of which it exertsaload upon the pressure
plate.

Cover pressing

Ring gear — B e Diaphragm spring is supported
= on a fulcrum retaining ring so

_ that any section through the
¢ G spring can be regarded as a
simplelever. The pressure plate
ismovableaxidly, butitisfixed

$ ~ | radialy with respect to cover.
' - | This is done by providing a
W\ series of equally spaced lugs
'/ cast upon theback surface of the
" pressure plate. The drive from

: the engine flywheel is
: Relsosebearing transmitted through the cover,
e pressure plate and the friction
orvestanandrver  PlAtEtO thegear box input shaft.

~— Pivot ring

Assessment Activity
Roleplay of theworking of asingle plate clutch

Here we are trying to demonstrate the concept of the working of asingle plate
clutch. Ask any three studentsto comeforward to participatein theroleplay. Let
onestudent act asflywhed , the other one asclutch disc and thethird oneas pressure
plate. The studentswho play as clutch componentswill explain theworking of the
single plate clutch during engaged and disengaged positions. Maketheremaining
studentsinto 3 groups. Let onegroup prepare achart showingthefigureof asingle
plate clutch and explainitsworking; the second group a so explain theworking but
by using an actual clutch and the third group may explain the function of each
components of the clutch. The teacher can evaluate each student according to
their performance.




3.1.4 MULTI PLATE CLUTCH

CLUTCH

FLYWHEEL PEDAL

—
- 7
w {
X
o \ FULCRUM
3 PRES SURE \ 2
z PLATE -
w H
S N
ana it j§E1)
SPIGOT END__ | 33313
| SPIGOT END 3 =
u e ey :1

A
BEARiNG'—LELr
SPRING
CLUTCH SHAFT:

————FRICTION LINING

CLUTCH PLATES

motorcycles, where space availableis|i
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The multi plate clutch isan extension
of single plate type where the number
of frictional and metal plates is
increased. Theincreasein the number
of friction surfacesobviously increases
capacity of theclutch to transmit torque,
the size remains fixed. Alternatively
the overall diameter of the clutchesis
reduced for the same power
transmission as a single plate clutch.
This type of clutch therefore used in
some heavy transport vehicles the
racing cars where high torque needs
to betransmitted. Besides, it alsofinds
application in case of scooters and
mited.

A simplified diagram of multi-plate clutchisgiven. Theconstructionissimilar
to that of single plate type except that all the friction plates on this are in two
sets, ie., one set of plates slides in the grooves on the flywheel and other one
slides on splines on the pressure plate hub. Alternate plates bel ong to each set.

3.1.5 CENTRIFUGAL CLUTCH"

Inthistype of clutch, the springs are eliminated altogether and only centrifugal
forceisusedto apply therequired pressurefor keeping the clutch in engagement
position. The advantage of the centrifugal clutchisthat no separate clutch pedal

is required. The clutch is operated automatically

-H
Q- ~ P
?/'D§ 3} 8
%1% ?
Ry 2,
-y -c
j'l i Vo L
I i
& (@)
ENGINE SHAFT

: depending upon the engine speed. Thismeansthat
7, car can be stopped in gear without stalling the
engine. Similarly while starting, the driver can
first select the gear, put the car into the gear
and ssimply pressthe accelerator pedal. This
makes driving very comfortable and easy.

>
§  Thefollowing figure shows a schematic

diagram of a centrifugal clutch. As the
cLuteh sy SPEEd increases, the weight A flies,

&>
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thereby operating the bell crank lever B that pressesthe plate C. Thisforceis
transmitted to the plate D by means of springsE. Theplate D containing friction
lining isthus pressed against the flywheel F thereby engagesthe clutch. Spring
G servesto keep the clutch disengaged at low speed say 500 rpm. The stop H
limitsthe amount of centrifugal force.

3.1.6 CLUTCH COMPONENTS
3.1.6.1 FRICTION DISC (CLUTCH DISC/PLATE)

The clutch plate consists of steel plate

with asplined central hub. Annular friction Fachic' i
facings are attached to the steel plate by ToRmoun
rivets. Special resins are also being used
to bind the friction facings. A provision
of axid cushioninginterposed between the
clutch plate and friction facing. The
curved cushioning spring segments are
attached rigidly to the centre plate and the
friction facings are riveted to these
springs. On engagement theload applied
first hasto compressthe spring segmentsto flat condition resulting in smoother
engagement.

Apart from the cushioning, the clutch plates are also provided with torsional
springs to absorb undesirable torsional vibrations. The clutch plate is made
into two parts. i.e. acentral hub sub assembly and outer ring assembly, thetwo
being torsionally flexible with each other. The coil spring is placed between
central hub and outer ring under slight compression in the slots provided.

3.1.6.2 CLUTCH FACING

A good clutch facing should havethefollowing:
1. Good wearing properties.

Presence of good binder init.

Cheap and easy to manufacture.

High co-efficient of friction

High resistanceto heat.

g M W DN
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There are mainly 3 types of clutch friction materials

1. Millboard type
2. Mouldedtype
3. Woventype
. Solid woven type
. Laminated type
Common clutch facing materials used are asbestos, reybestos, ferodo and non-
asbestos. clutch facing. Dueto environmentd pollution asbestos, reybestosand ferodo
are not used nowadays. Non-asbestos clutch facings are used which are made
of man-made glass fiber, mixed with special rubber compound to improve
frictional performance, firmly locked with elastomer- based novalac binder
and moulded with pressure and heat. Some examples are SW3-AF and HWK
200.

3.1.6.3 PRESSURE PLATE

Hightensilegrey cast iron isthe most commonly used
material for pressureplate. It must be sufficiently rigid
S0 as not to distort under high pressure of the clutch §
spring. The pressure plate must have sufficient mass |#
and thermal conductivity to absorb and conduct away

the heat generated during clutch operation. \

3.1.6.4 RELEASE BEARING

The release bearing, also caled the throw-out bearing, is a ball bearing and
collar assembly. It reduces friction between the pressure plate levers and the
releasefork. Therelease bearing isaseal ed unit pack with alubricant. It slides
on a hub sleeve extending out from the front of the manual transmission or
transaxle.

The release bearing snaps over the end of the clutch fork. Small spring clips
hold the bearing on the fork. Then fork movement in either direction slidesthe
release bearing along the transmission hub sleeve.

3.1.7 CLUTCH ACTUATING MECHANISMS

The clutch actuating mechanisms are of different types.

3.1.7.1 MECHANICAL OPERATION

Inthe mechanical type actuating forceistransmitted from clutch pedal to release

fork through mechanical linkages or through cabl es.
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3.1.7.2 HYDRAULIC OPERATION

Hydraulic clutch activation systems

MMM s consists of amaster cylinder and a

CRANKSHAFT ) slave cylinder. When pressure is
\ S applied to the clutch pedal (the
pedal is depressed), the pushrod
contacts the plunger and pushes it

up the bore of the master cylinder.
During the first /32 in. (0.8 mm)

-suns  of movement, the center valve seal
I T closestheport to thefluid reservoir
LR tank and as the plunger continues
to move up the bore of the cylinder, thefluid isforced through the outlet lineto
the slave cylinder mounted on the clutch housing. Asfluid is pushed down the
pipefrom the master cylinder, thisinturnforcesthe pistonintheslave cylinder
outward. A pushrod is connected to the dave cylinder and ridesin the pocket of
theclutch fork. Asthe slave cylinder piston movesrearward the pushrod forces
the clutch fork and the rel ease bearing to disengage the pressure plate from the
clutch disc. On thereturn stroke (pedal released), the plunger moves back asa
result of the return pressure of the clutch. Fluid returns to the master cylinder
and thefinal movement of the plunger liftsthe valve seal off the seat, allowing

an unrestricted flow of fluid between the system and the reservoir.

3.1.7.3 ELECTROMAGNETIC OPERATION

Thistypeof clutchisemployedin Renault cars. |~ S
In the engine flywheel a winding is [/~
incorporated. The current is supplied to
winding from dynamo. Clutch plateisfree
to dlide on the splined clutch shaft.

When thewinding is energized, it
attracts the pressure plate, there
by engaging the clutch. When
supply to winding is cut off, the clutch is
disengaged. When electromagnetic clutch
isused in automobiles, there may be aclutch
release switch inside the gear lever. The
driver operatesthe switch by holding the gear

CLUTCH SHAFT

ENGINE SHAFT
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lever to change the gear, thus cutting off current to the electromagnet and
disengaging the clutch. With this mechanism, there is no need to depress the
clutch pedal. Alternatively, the switch may be replaced by a touch sensor or
proximity sensor which sensesthe presence of the hand near the lever and cuts
off the current. The advantages of using this type of clutch for automobilesis
that complicated linkages are not required to actuate the clutch, and the driver
needsto apply aconsiderably reduced force to operate the clutch. It isatype of
semi-automatic transmission.
SWITCH IN THE

3.1.7.4 VACUUM OPERATION  BATTERY GEAR LEVER

TO INLET
MANIFOLD

-—— 3 SOLENOID

NON—-RETURN
VALVE

sVENT | T0

CLUTCH

RESERVOIR——= —l
R —
| L_oVENT
s

VACUUM CYLINDER
The partial vacuum existing in the engine manifold isused for operating the

clutch. A reservoir isconnected to engine manifold through anon-return valve.
The reservair is further connected to a vacuum cylinder through a solenoid
operated valve. The solenoid itself is operated from the battery and the circuit
incorporates aswitch whichisconnected to gear change lever whichisoperated
when the driver change gears. Vacuum cylinder contains a piston which opens
to atmosphere on one side. The piston isfurther connected through linkagesto
the clutch. The movement of the piston thus operates clutch.

In part throttle position there is enough vacuum in the manifold. But in full
throttle condition, the vacuum decreases, dueto thisthe non-return valve closes,
isolating the reservoir from the manifold. Thus vacuum existsin the reservoir
al thetime.

In normal condition the switch in the gear lever remains open and solenoid
operated valvein the bottom position, i.e. both the sides of thevacuum pistonis
open to atmosphere. When the driver operatesthe gear lever to change gear the
switch closesthus energizing the solenoid which pullsthe valve up, connecting
the vacuum cylinder to the vacuum in thereservoir. Thismovesthe pistonto the
left and disengaging the clutch. When driver releases the lever after gear
changing, the switch opensand clutch isengaged dueto theclutch spring pressure.

&
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3.1.7.5 CLUTCH-BY-WIRE

The clutch-by-wire, the unit replaces the mechanical link between clutch and
pedal with an electrical clutch actuator, an electric clutch pedal and an Electronic
Control Unit (ECU). A pedal sensor measures the position of the clutch pedal

and transmitsthisinformation to the ECU which al so recel vesinformation about
car behavior. The ECU in turn controlsthe clutch actuator and depending upon
the driver's wishes, the system can not only correct driver mis-operations but
offer complete clutch automation. The system isdesigned to requirelower stroke
and effort to the pedal and improves pedal feel with"virtual" resistanceto foot
pressure. More compact than a conventional clutch actuation, the clutch-by-
wire system improves driver crash protection since it enables an optimized,

lessintrusive, pedal box design.

Assessment Activity

Clutch actuating mechanism

Dividethe studentsinto four groups and ask them to explain theworking of one
clutch actuating mechanism. They can useeither chart, actua components, videos,
powerpoints etc.

Teacher evaluates each student on the basis of definite parameters.

| Mechanical

1l Hydraulic
11 Electromagnetic

1V Vacuum

3.1.8 CLUTCH FREE PEDAL PLAY ADJUSTMENT

The only adjustment required in the clutch is free pedal play adjustment. It is
required because of the continuous use of clutch. Continuous use of clutch
decreasesthe clutch free pedal play. If itislessthe clutchisnot engaged fully,
andif itismoreclutch, itisnot disengaged fully. Sointhat case clutch adjustment
IS required.

In the mechanical operating type, an adjusting nut is provided in thelinkage at
thereleasefork end. We can adjust it by loosening or tightening the nut. But in
the hydraulic operating typeit is adjusted in the clutch pedal itself.

&



B AUTOMOBILE TECHNOLOGY

DETAILING OF PRACTICALS
Overhauling of Diaphragm Clutch

Procedure

Park the vehicle on alevel ground and block the wheels using wooden
blocks.

Disconnect the propeller shaft from gear box.

Remove floor board screws and floor board.

Remove speedometer connection from the gear box.
Disconnect the hand brake lever from the gear box casing.
Remove the dust boot and the gear lever.

Remove the gear box foundation bolts, cross member and gear box
foundation.

Slide the gear box straight backward slowly and take it out.

Remove the clutch release bearing from the fork and take out the fork
assembly.

Remove the clutch disc-pressure plate assembly, clean all the parts in
kerosene and dry it with compressed air.

Check all the parts for damages and replace if necessary.
Assemble them in the reverse order.

Placeit onthe gear box and tighten the mounting bolts.
Reconnect the hand brake lever and the speedometer cable.
Check the clutch free pedal play and adjust if necessary.

Multi-Plate Clutch

Procedure

Park the vehicle on level ground and block al the wheels.
Loosen thedrain plug and drain out the lubricant.

Disconnect clutch cable and remove the clutch cover.
Removethethrow out bearing.

Loosen the clutch spring bolts using clutch puller and spanner.
Take out springs, inner drum, metallic plates, friction plates etc.
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Take out the clutch drum.

Clean all the parts using kerosene and inspect them for damages, replace
the damaged parts.

Placethe clutch drum on clutch shaft. Assemblethefriction plates, metalic
platesand springs on theinner drum using clutch puller and spanner.

Insert thisassembly on the clutch shaft.

Connect thethrow out bearing and clutchcover. Connect the clutch cable.
Fill gear oil inthe gear box up to therequired level.

Check thefunctioning of theclutch.

Assessment Activity - Class test

1
2.
3.

Assignment on Single Plate Clutch and Centrifugd clutch
Debate on whether multi plate clutchisbetter than single plate clutch
Seminar on clutch actuating mechanisms.

TE QUESTIONS

Fill intheblanks

1. Clutchisfitted between......... and......... Q)

2. isamechanically operated clutch whichis controlled by engine speed
only. 1)

3. Identify thetype of clutch which isused in scooters and motor cycles and
explainitsworkingwithasmplediagram (1+5)

4. Itisseenthat digphragm clutchesarewiddy usedin carsand at thesametime

itisnot used in heavy duty vehicles. Give reasons (2

After overhauling a clutch linkage of a car Mr.James fitted the linkage
without giving afree pedal play. List the problemsthat thedriver will face
while driving.(3)
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3.2 MANUAL TRANSMISSION
INTRODUCTION

After theclutchisthetransmission or gearbox inthetransmission sysem. Thetorque
and speed of the vehicle haveto change depending upon the various requirements
of thevehicle. Sometimeswehaveto movethevehicleinthereversedirection. The
gear box servesall thesefunction. Varioustypes of gear boxes, construction and
working, gear ratio etc. arevividly eaborated in thisunit. Dismantling and assembling,
diagnosis of gear box troublestheir causesand remedies etc. makethe students
expertsinthisarea

LEARNING OUTCOMES
Thelearner;
e identify different typesof gears
. Straight spur gear
. Helica spur gear

. Beve gear
. Spird bevel gear
. Hypoid gear

e cdculategearratio
*  explanthenecessity of gear box
»  describevariousresistancesonamoving vehicle
e classfydifferent gear boxes
. Sidingmesh
. Constant mesh
. Synchromesh
*  explantheworking of constant mesh gear box
*  explantheworking of synchromesh gear box
*  explantheworkingof synchronizing unit
*  explantheconstruction and working of selector mechanisms
»  describethenecessity of gear box lubrication
*  describethefunction of transfer box
* explantheworkingof transaxle
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UNIT IN DETAIL
3.2.1 TYPES OF GEARS

Straight Bevel Spiral Bevel Worm Gear Set
Gears Gears Gear Reduction Boxes
Industrial Equipment Industrial Equipment
Some Differentials Some Differentials

Hypoid Gears Planetary Gear Helical Gears Herringbone
Differentials Set Transmissions Gears
Transmissions Transmissions

3.2.1.1 SPUR GEAR

Spur gearsor straight-cut gears arethe simplest type of gears. It consistsof adisk
withteeth projecting radially. Theedge of each tooth isstraight and aligned paralel
totheaxisof rotation. These gearsmesh together correctly only if fitted to parall e
shefts.

3.2.1.2 HELICAL GEAR

Helica or "dry fixed" gearsoffer arefinement over spur gears. Theleading edgesof
theteeth arenot parale totheaxisof rotation, but areset at an angle. Sincethegear
iscurved, thisangling makesthetooth shape asegment of ahdix. Helical gearscan
bemeshed in parallel or in crossed orientations. The angled teeth engages more
gradually than the spur gear teeth, causing them to run more smoothly and quietly.

3.2.1.3 BEVEL GEAR

A bevel gear isshaped likearight circular conewith most of itstip cut off. When
two bevel gearsmesh, their imaginary vertices must occupy the same point. Their
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shaft axesa sointersect at this point; the angle between the shafts can be anything
except zero or 180 degrees.

3.2.1.4 SPIRAL BEVEL GEAR

Whenitisnecessary to transmit quietly and smoothly alargetorquethrough aright
angle, spira bevel gear can beused. Spiral bevel gearshaveteeth cut in helix spiral
form.

3.2.1.5 HYPOID GEAR

A hypoid gear issameasspiral bevel gear whose main differenceisthat themating
gearsaxesdo not intersect. Thehypoid gear isoffset from the gear center. Theteeth
onahypoid gear arehelical.

3.2.2 GEAR RATIO

Inmechanica engineering, agear ratioisadirect measureof theratio of therotationd
speeds of two or moreinterlocking gears. Asagenerd rule, when deading with two
gears, if thedriving gear (theonedirectly receiving rotationd forcefrom the engine)
isbigger than thedriven gear, thelatter will turn more quickly, and viceversa. We
can expressthishbasic concept with theformulaGear ratio= T2/T1=N1/N2, where
T1listhenumber of teeth onthedriver gear, T2 isthe number of teeth on thedriven
gear, N1isthe speed of driver gear and N2 isthe speed of thedriven gear.

Assessment Activity

Teacher showsdifferent typesof gearslikespur gear, hdlical gear, bevel gear, hypoid
gear and spird beve gear. Thestudentsare asked toidentify the gear anditsfunction.

3.2.3.1 FUNCTIONS OF TRANSMISSION
Theimportant functionsof transmissonsysemare;
1. tovarythetorque

2. tovarythespeed of thevehicle

3. toprovideneutral position

4. tomovethevehicleinreversedirection
3.2.3.2 NECESSITY OF TRANSMISSION

Beforediscussing the necessity of transmission, we should understand thefollowing
factors

a) Variation of resistanceto the vehicle motion at various speeds.
b) Variation of tractiveeffort to the vehicleavailableat various speeds.

&
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3.2.4 TOTAL RESISTANCE TO THE VEHICLE MOTION.
It includesthefollowing threefactors:

)

i)

i

Resistance duetowind - Thisistaken to be proportional to the square of the
vehiclespeed

Resistance dueto gradients- Thisisthe weight of the vehicle components
parallel to the plane of theroad

Miscellaneous - Apart from the above two types, various other factorsalso
contributetowardsthevehicleresstance. Theseare-rollingres stancessuch as
typesof theroad, tyrefriction etc. Thismay also betaken approximately to
remain constant with the speed.

TRACTIVE EFFORT

Resistance N

When avehicleistravelling at

constant speed, itsresistanceto

motionistermed asthetractive

resistance. Whenever the

| Tiaelveresist on level (AFB) =2 4" tractiveeffort exceedsthetotal

“_ wind resist_ (B) resistance, the vehicle will
| 1 "LRolh{lg resist (A) acoelerate.

10 20 30 40 30 60 70 It isobviousthat whenever the

kah tractive effort exceedsthetotal

Tractive resistance curves resistance of motionthevehicle

Tractive resist. on gradient (A+B+C) —=

starts to accelerate. So the gear box is used to vary the torque according to the
resi stance of motion in different conditions.

Assessment Activity
Completethe blanksin the chart suitably

Functionsof transmission 1.To vary the torque
2.
3.
Total resistance 1
2.
3.
Find gear ratio 1.12 teeth gear rotate 36 teeth gear

2.If the small gear rotates at 750 rpm,
what will be the speed of large gear?
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Giveonescoreto each point, two scorefor gear ratio point 2
3.2.5 TYPES OF GEAR BOX

Thetransmission can be classified into manual and automatic types. The manual
transmissionisconventionally called gear boxes. Thefollowing aretheimportant
gear boxesused in automobiles:

1. Sidingmeshgear box
2. Constant mesh gear box
3. Synchromesh gear box
3.2.6 CONSTANT MESH GEAR BOX
Inthistypeof gear box, al the

SECOND

AR gearson themain shaft arein

oE —LOW GEAR

006 cLuTch Eé ) %eusse  constant mesh with the
LT corresponding gear on thelay
Gaan” T\, b shaft. The gears on the main
p T—— = = 3 shaft, whichissplined, arefree.
Ek'i‘s“) E"L—J’ : b :[J_J:. d [Nsumeo  Thedogclutchesareprovided
' - MAMSHARTwhich are free to slide on the
== - main shaft. Thegearsonthelay

—— _:_ZE?} shaft arefixed.
A = Whentheleftdidingdogdutch
|| == didestotheleft by meansof the
== Sdlector mechanism, itstegthare

engaged with those on the
clutch gear and we get thedirect gear. The samedog clutch, however, whenit dides
to theright makes contact with the second gear and the second gear is obtained.
Similarly the movement of theright dog clutch to theleft resultsinlow gear and
towardsright inreversegear position.

3.2.7 SYNCHROMESH GEAR BOX

Thistype of gear box issimilar to the constant mesh typeinthat al thegearsonthe
main shaft arein constant mesh with the corresponding gearson thelay shaft. The
gearsonthelay shaft arefixed toit whilethose onthe main shaft arefreetorotateon
the same. Itsworking isalso similar to the constant mesh type, but inthe former
thereisonedefiniteimprovement over thelater. Thisistheprovison of synchromesh
devicewhich avoidsthe necessity of double declutching. The partswhich ultimately




Reference Book [

are to be engaged are first
brought into frictional contact
which equalizestheir gpeed, after
which these may be engaged

~ smooathly.
§ Figure showsthe construction

W and worki ng of asynchromesh
gear box. In most of the cars,
however the synchromesh
devicesarenot fitted to all the
D  gearsasisshowninthisfigure.
They arefitted only onthehigh
= gearsand onthelow andreverse
gearsordinary dog clutchesare

=

only provided. Thisisdoneto reducethe cost.

Inthe abovefigurethe engineshaft, gearsB, C, D, E arefree on the main shaft and
areawaysin meshwith corresponding gearsinthelay shaft. Thusal thegearson
the main shaft aswell ason thelay shaft continueto rotate so long as shaft A is
rotating. MendersF1 and F2 arefreeto dide on splineson the main shaft. G1 and
G2 arering shaped membershavinginterna teeth fit onto theexternd teeth members
F1 and F2 respectively. K1 and K2 are dog teeth on B and D respectively and
thesea sofit onto theteeth of G1 and G2. Sland S2 aretheforks. Tland T2 arethe
bal| supported by springs. Thesetend to prevent the diding of membersG1 (G2) on
F1(F2). However, whenforceisapplied in G1 (G2) through fork S1 (S2) exceeds
acertain value, the ballsare overcomeand member G1 (G2) didesover F1 (F2).
Thereareusualy six of theseballs symmetrically placed circumferentialy in one
synchromeshdevice. M1, M2,N1, N2, P1, P2, R1, R2 arethefrictional surfaces.

Theworking of the gear box isasfollows- For direct gear, member G1 and hence
member F1 (through spring-loaded balls) isdidtowardsleft till M1 and M2 ruband
friction makestheir speed equa . Further pushingthe member G1toleft causesit to
overridetheballsand get engaged with dogs K 1. Now thedriveto themain shaftis
direct from B viaF1 and thesplines. Wehaveto give sufficient timefor synchronization
of speeds, otherwise clash may betheresult.

For the second gear the membersF1 and G1 aredlideto theright sothat finaly the
internal teeth on G1 areengaged with L 1. Thenthedriveto main shaft will befrom
B viaU1, U2, C, F1 and splines. For first gear, G2 and F2 are moved towards
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right. Inthiscasethedrivewill befrom B viaU1,U3, D, F2 and splinesto themain
shaft. For reverse, G2 and F2 aredidetowardsright. In thiscasethedrivewill be
fromB via, U1, U4, U5, D, F2 and splinesto the main shaft.

3.2.8 SYNCHRONISING UNIT

The gearbox primarily containsaninput shaft and an output shaft. Theinput shaftis
driven by theengine crankshaft through the clutch and the output shaft is coupled
indirectly either through the propel ler shaft or intermediate gearsto thefina drive.
Pairsof gear whedlsof different szearein mesh between thesetwo shafts.

To engageany gear, first theinput shaft isdisengaged from the engine crankshaft.

But the angular momentum of theinput shaft, clutch drive plate and gear wheels
keepsthem revolving. Thenthe gear changing technique must judgethe speeds of

the dog teeth of both the gear wheel s selected and output shaft. When they rotate at
auniform speed, the dog clutch sleeveis pushed over so that both sets of teeth
engage and mesh gently without grating. Thesynchromeshincorporated inthesystem
appliesafriction clutch braking action between the engaging gear and drive hub of
the output shaft to unify their speedsbefore permitting the dog teeth of both members
to engage.

EXTERNAL ANC INTERMAL
CONES ENGAGED

EXTERMAL GONES T O
5 FORK 5
SEPARATED SLIDMNG SLEEVE IN THE
INTERMAL AND DRECTION FROM ENGAGEMENT
EXTERMAL TEETH
ENGAGED

E

-’/{lll’lll:"
758N\4
>

;
:

l—

MAMN EHAFT

EXTERNAL
TEETH

INTERNAL TEETH GROCVE »
INTERNAL
SPRING LOADED Mse
BALL N GROOVE
IN SLING SLEEVE —

Synchromesh devicesutilizeamulti-plate clutch or aconical clutchto equaizethe
speedsof theinput and the output rotating membersof the gearbox during the process

&>
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of gear changing. The conica clutch method of synchronizationisgenerally used for
producing silent gear change. In thismethod, the male and femal e cone members
are brought together to produce asynchroniz-ing frictional torque of sufficient
magnitudesto automatically adjust speeds of both theinput and output members
until they revolveasone. Oncethisspeed uniformity isattained, theend thrust gpplied
to the dog clutch deeve permitsto mesh quietly the chamfered dog teeth of both
membersinto dignment.

3.2.9 SELECTOR MECHANISMS

Thereare many mechani smsused for selecting the desired gear. Broadly speaking
these can bedivided into two categories, the mechani sm wherethe gear shift leveris
mounted on thetop of transmission caseand the other wherethe gear shifting lever

is mounted on the steering column. However, in these two types most of the
mechanismissimilar and only theexterna linkageisdifferent.

SE— Figure showsatypical selector
mechanism for a 4 forward

ERYEN Speeds and one reverse gear
p onsive, box. The gear lever is ball
é
N

mounted in the gear box cover.
Thisfacilitatesitsmovement in
any direction. Thelower end of
the gear lever fitsintoaslot in
the selector sleeve. There are
forksmounted onthedeeveson
three separate selector rods
which are supportedinthe gear
box casing. Each selector deeve
can dlideonitsrod. When a particular gear isto be engaged the corresponding
selector rod ismoved in thedesired direction. To avoid unwanted engagement of
gears, dotsare made on the sel ector rods and the sleeves are provided with spring
loaded bdls. Thesebdlsres st themovementsof theforksuntil someforceisapplied
tothegear lever to overcometheir resistance.

3.2.10 GEARBOX LUBRICATION
Lubrication of gearbox is done by applying oil of specification given by the
manufacturer (thegear oil isthicker thantheengineoil). Theoil isfilledinthe gear

box at aleve atleast one gear dipsintheoil. When the gear rotatestheoil will be
flashed.

) SELECTOR
" ROD

&
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Theoil used for gear box lubricationisgeneraly S.A.E800r 90. Thereis
not much consumption of oil assuch, but leskagemay occur. Thereforetheail leve
inthegear box must be checked periodically. Theentireoil inthe gear box should
be drained and replaced with fresh oil, when the oil becomes contaminated (about
20,000 - 25,000 km).

3.2.11 TRANSFER BOX

Thisis aso caled 'transfer case' and is fixed on the chassis frame behind the
transmission (gear box) infour whed drivevehicles.

It enablesthedriver to:

)  Driveintwowhee drive on highwaysor shift to four wheel drivefor cross-
country operation

i)  Driveinhighgear or low gear asrequired
3.2.12 TRANSAXLES

Thetransaxleisan assembly of gearsand shafts. It attached to afront-mounted
transverse engine and drivesthe front wheels. Rear -engine cars use an engine-
mounted transaxleto drivetherear whedls. Thetransaxleincludesafina drivesand
adifferentia. Thefinal driveisaset of gearsthat providethefinal speed reduction or
gear ratio between thetransmission and thedrivewheels. Thedifferential permits
thedrivewheelstorotate at different speedswhen the vehicleturnsfrom straight
ahead. Transaxle

Unit Clutch
Assembly
Transmission

Ak Il

Driveshafts

~ > (Halfshafts) N

Theoperation of any transaxleisexactly the same asthat of any transmission. The
differenceisthis, instead of being connected viaalong driveshaft totherear axle,
the transmission's output shaft drives alarge gear that meshesdirectly with the

&
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differential’sring gear. And the differentid itself islocated in thetransaxle housing,
mounted pardle tothetransmission. Aspower isapplied, thedifferentia distributes
it tothetwo front wheelsviahalf shafts.

DETAILING OF PRACTICALS
CONSTANT MESH GEAR BOX

Procedure

Block thewheelsand disconnect the universal joint, speedometer cable, and
gear shift lever. Drain out thegear oil.

Support the engine and the gear box. Loosen the mounting bolts of gear box
and takeit out.

Removethetop cover and sel ector mechanism.

Removethe bearing cover from the ends of the gear box.

Removethe clutch shaft by soft hammering on thefaces of thefirst gear with
the help of awooden piece.

Thendowly pull out themain shaft. Pull out thegears, dogclutch units, bearings,
idler units. Inspect all of them for any type of wear or damage. If so replace
them and clean out dll thepartswith diesdl.

The number of teeth of the meshing gearsistakento find out the gear ratios.
Refit the counter shaft assembly first insidethe gear box.

Refit theidler gear and selector mechanism. Secondly place the main shaft
aongwiththefirst gear initsposition.

Sowly insert thedog clutch unitsand remaining gear in such aposition that they
arein correct meshing with the corresponding gearsonthelay shaft. Thenrefit
theclutch shaft.

Placethe gear box cover a ong with the sel ector mechanism correctly onthe
top of the gear box.

Place gear box unitsinitsposition and the selector lever.

Reconnect the speedometer cableand universa joint.

Fill the gearbox with oil with the recommended specification up to the correct
leve.

SYNCHROMESH
Dismantlingand inspection:

Mount the gearbox on thework stand. Removethe sel ector assembly
L ock the main shaft by engaging any two gearsby shifting therespectivediding
deeve.
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Removethedriving flange. Removethegear box rear end cover.

Remove the speedometer drive gear. Removethe end covers. Removethe
clutchshaft. Pull out themain shaft along with thebearing.

Removethe main shaft gears, dog clutch, sliding sleeve, synchromesh unit,
bearingsand arrangethesein the order of their fitment onthe mai n shaft.
Removethereverseidler gear shaft and theidler gear. Removethelay shaft
gear set with washers. Removethelay shaft bearings.

Cleandl thecomponents. Check visudly thefollowing partsfor wear/damage
replace defective parts. main shaft gears and dog teeth, lay shaft, clutch shaft
gear and pilot bearing, reverseidler gear, gear casing and bearing seats, main
shaft, splinesand pilot bearing seat, bearings of main shaft, counter shaft and
clutch shaft, bushesand dog clutches of synchromesh unit.

Assembling procedure:

Placedl seatsinthe cover. Fit the counter shaft bearing.

Clamp thecounter shaft initsposition. Fix thereverseidler dongwith its shaft
andlockit.

Assemblethegears, bushes, dog clutches, synchromesh unitson themain shaft.
Placetheplot bearing on themain shaft.

Lift themain shaft & placeitinthe gearbox casing. F it the main shaft rear
endbearingingdethecasing.

Fix thebearing on clutch shaft & fit acirclip. Placetheclutch shaft inthecasing.
Place the bearing housing a ong with the gasket on gear casing.

Place the speedometer drive gear on themain shaft. Fit al the bearing covers
aongwiththe gasket.

Placethedriveflange on main shaft. Keep the main shaft in neutral position.
Keepdl theforksin neutral position.

Mount the selector assembly on gearbox.

Engage each gear and check therotation by hand. Fill the recommended gear
oil tothespecifiedlevd.

ASSESSMENT ACTIVITY

1.

Dividethestudentsinto 4 groupsand assign each group asfollows:

First group - Constant mesh gear box
Second group - Synchromesh gear box
Third group - Synchronizing unit
Fourth group - Sdlector mechanism

>
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Let each group prepareachart showing the construction of componentsand explain
itsworking. If possible, let them use multimediafacility. Teacher can evaluate the
sudentsusing different parameterslike:

e Chart preparation

*  Knowledgelevd

*  Communicativeskill
» Content transaction

2.  AssgnmentonTransaxle
3. Classtest

TE QUESTIONS

Fill intheblanks

1. Theprocessof actuating the clutch pedal twicewhileshiftingthegearina
constant mesh gear box iscalled....... Q

Choosethe correct answer

2. Transfer caseisusedwith.......... vehicle ( Front axledrive, rear axledrive, 4
whed drive) @

3. Lisgtvariousresstanceswhich affect thevehiclemotion. (3)

4. Thegearsonsdliding mesh gear arestraight spur gear and gears on constant
mesh gearbox are spira bevel. Why? (2

5. Nowadays synchromesh gearboxes arefitted with al manual transmission
vehiclesdueto itseasiness of actuation. Identify the partswhich enablethe
gear engagement operation easily. Draw asimplefigureof it and explainits
working. (1+5)
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3.3 AUTOMATIC TRANSMISSION
INTRODUCTION

This is the new trend in transmission system in Indian automobile vehicles.
Most of the new vehiclesuseautomatic transmission. Thisunit provides students
with the functions and concepts of semi-automatic and fully automatic
transmissions. It deal swith the construction and working of epicyclic gear box,
freewhed unit, fluid flywheel and torque converter. It a so describesthe concept
of Automated Manual Transmission (AMT) and modern shift control techniques.

LEARNING OUTCOMES
The learner ;
e differentiates semi- automatic and fully automatic transmission system
* explainsthe construction and working of epicyclic gearbox
»  explainsthe concept and working of free wheel unit
* explainstheworking of fluid flywheel
* explainsthe construction and working of torque converter
*  explainstheworking of overdrives
* explainstheprincipleand working of CVT
* explainsthe concept of AMT and itstype.
. Single- Sided Clutch Transmission(SSCT)
. Double- Sided Clutch Transmission(DSCT)
. Dual Clutch Transmission(DCT)
* explainsthe concept of modern shift control techniques
. Select Shift Manua (SSM) mode
. Auto Shift Manual (ASM) mode
UNIT IN DETAIL
3.3.1 AUTOMATIC TRANSMISSION

Automatic transmission can be semi-automatic or fully automatic. In the first
type, only theclutch is operated automatically, but thedriver still hasto change
thegearsmanually.

&
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A semi-automatic transmission (SAT) also known as a clutch less manual
transmission or automated manual transmissionsisan automobile transmission
that does not change gears automatically, but rather facilitates manual gear
changes by dispensing with the need to press a clutch peda at the time of
changing gears. It uses el ectronic sensors, pneumatics, processors and actuators
to execute gear shiftson input from the driver or by acomputer. This removes
the need for a clutch pedal which the driver otherwise needs to depress before
making agear change.

A fully automatic transmission is also called auto, self-shifting transmission
and can automatically change gear ratiosasthe vehicle moves, freeing thedriver
from having to shift gearsmanually. Like other transmission systemson vehicles,
it alows an internal combustion engine, best suited to run at arelatively high
rotational speed, to provide arange of speed and torque outputs necessary for
vehicular travel. The number of forward gear ratios is often expressed in a
similar way as for manual transmissions (e.g., 4-speed, 6-speed).

The most popular form found in automobiles is the hydraulic automatic
transmission. This system usesafluid couplingin place of afriction clutch, and
accomplishes gear changes by hydraulically locking and unlocking a system of
planetary gears. These systems have a defined set of gear ranges, often with a
parking paw! that locks the output shaft of the transmission to keep the vehicle
from rolling either forward or backward.

3.3.2 EPICYLIC GEAR BOX

An epicyclic gear box consists of two, three or even four epicyclic or planetary
gear sets. Thefigure showsasimple epicyclic gear box. It hasasun gear, about
which the planets turn round. These planet gears are carried by a planet carrier
and a shaft and are also in mesh internal with aring gear, which isalso called
annulusor internal gear.

Different torque ratiosi.e. speed ratios are obtained by making any one of the
parts, viz. the sun gear, the fikig o
planets and the annulus ~ Panet—_

stationery. Similarly bysmgear— & 7o)
locking any two partswith 3%
each other gives direct .
drive. N2t

Planet shaft

| 1\
Ring gear —~ C440 \ Planet carier




B AUTOMOBILE TECHNOLOGY

A simple epicyclic gear set can give six possible gear ratios which are
summarized below:

Forward | Forward | Forward | Forward | Reverse | Reverse
Fast very fast slow |veryslow] slow fast
P P R S S R

Driving
Driven R S P P
Stationary S R S R P P

However in practice, all speed conditions given above cannot be employed
because of the complexity of construction to incorporate all possibilities and
also the unsuitable values of some of these ratios. So in actual epicyclic gear
box combination more than one epicyclic gear sets are used. There are two
controls i.e. brake bands and the clutch. The brake band surrounds a drum
attached to the gear or the outer surface of the gear itself. Multi-plate clutchis
used. Both brake and clutch are applied by fluid pressure. These are selected
by hydraulic shift valves and is controlled by ECM

3.3.3 FREE WHEEL UNIT

It is similar in action of a bicycle free wheel. The inner driving member is
connected to the gearbox shaft and outer oneto the propeller shaft. Thedriving
member has three steps. In each step there are three spring loaded rollers of
different sizes.
' . When the driving member isrotating in
MEMEER the direction as shown in the figure, the
driven member will also be rotating in
Dm'm the samedirection. But when thedriven
“E"2= member becomesthedriving member, the
inner member will not rotate along with
the outer one. Thus in this case the
transmission and enginewill beisolated
from the wheels. This results in fuel
economy.

In someinstances, freewheel hasto belocked, e.g. inthereversedrive. In such
cases the provision of locking freewheels drive is there. Freewhee! is also
used asand essentia component of torque converter in automotive transmission.
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3.3.4 FLUID FLYWHEEL

Anautomotivefluid coupling consists of asplit housing whichisrotated by the
engine crankshaft. Inside the housing isadriven member called the runner and
thedriven member is connected by ashaft to the gear box. Thedriving member
ismounted on the crankshaft and it is called impeller.

Thedriving (input) and driven (output)
members are very close with their
ends facing each other and enclosed
in housing, so that they can be turned
SHAFT without touching each other. The
liquid or ail is filled in the housing.
: Thefly wheel housingisdivided into
anumber of cells by means of radial vanes. These
cells correspond to similar openings in the driven
member. When the crankshaft turns, the driving
. member or impeller aso rotates. The fluid flows
mrrr?  Outwardsdueto centrifuga forceand circulatesfrom
theflywheel to the driven member. Thefluid tendsto rotate the driven member
because the fluid is also carried out round by the driving member. Thus the
torqueistransmitted from the crankshaft to the gear box shaft.

BEARING

Liquid coupling is not suited for use with an ordinary gear box. It is generally
used in conjunction with epicyclical gearsto provideasemi or fully automatic
gear box.

3.3.5 TORQUE CONVERTER

A single stagetorque converter is shQyyh e
in the figure. It consists of three main
parts, viz.

(i) the impeller(pump) or driving
member whichisconnected to thgy,,
engi ne, smrr

(i1) the turbine or driven member g
which is connected to the road
wheel sthrough transmission and

(iii) the stator fixed to the frame through a
freewheel. In addition there is a
transmission oil pump which keepsthe
converter full of oil under pressure.

STATOR

FREE
WHEEL
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Assoon asthe flywheel of engine startsrotating, the torque converter housing
aswell asthe pump al so startsrotating in the same speed and direction. Because
of the profile of the pump blades, the fluids inside the torque converter are
pushed out centrifugally. As pressure is built up by the pump, the fluids are
forced into the blades of theturbine and thismakesit rotatein the samedirection
asthe pump. The fluids enter the outer periphery of the turbine and leave from
the inner periphery and reaches to the stator blades there. The function of the
stator isto guide theincoming fluid from theturbineto reach at aspecific angle

to the pump.
Torque Converter PUTP

P—————-—— If theturbineisrotating at aspeed
- lower than that of the pump (i.e.,
e WHEN the vehicle is accelerating)
(eomnectsto vansmission) then thefluidsfrom theturbine hits
thefront sidesof the stator blades
and the one way clutch prevents
tﬁluz';t:;:";?n it from rotating. In this condition
e the fluids leaving the stator hits
(fnad 0 housing) the pump at a"helping" angleto
increase the torque (or multiply

thetorque) and thusincrease the speed of the turbine.

Flywheal
(connects to engine)

When the vehicle achievesits constant speed, then the angle at which thefluids
leave the stator change and no more torque multiplications happens.

Whileretarding, the speed of theturbineincreasesthan that of the pump and the
fluid from the turbine hitsthe back sides of the stator bl ades and make the stator
rotate at the same direction asthe pump and turbine and the fluid from the stator
hitsthe pump in such anglesthat the torque reduces.

3.3.6 OVERDRIVES

Overdriveisadeviceto step up the gear ratio in the car. Overdriveisgenerally
fitted on the top gearsonly. Carrier  Free wheel clutch

Planet

To understand the working L
of an overdrive consider the |y gan "=\ 5
figure. It consists of an —
epicyclicgear traininwhich |
the sun gear isfreeto rotate

on theinput shaft, whilethe g Ring goar

LOutput shaft
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carrier can move on the splines on the input shaft. A free wheel clutch isalso
fitted on theinput shaft splines. The output shaft is connected to thering.

When the sun gear is locked with casing, it becomes stationary. The speed of
the output shaft isincreased and overdriveis engaged. When, however the sun
gear islocked to the carrier or to the ring, solid drive through the gear trainis
obtained.

3.3.7 CONTINUOUSLY VARIABLE TRANSMISSION (CVT)

CVT isan automatic transmission that selectsany desired driveratio withinits
operating range.

. — Drive pulley

3 f
o iy | i
A |
L Steal balt ';f g

S,
L EAR L

7 - / g
i d - | ¥ | .
i

| il |
| w‘* H A
U —Driven pulley—" / 1\& 2

N

High
Gear

Drive: Pulley

low gear over-drive gear

The CVT replaces the gears with two variable-diameter pulleys, each shaped
likeapair of opposing cones, withametal belt or chain running between them.
One pulley is connected to the engine (input shaft) and the other to the drive
wheels (output shaft). The halves of each pulley are movable; as the pulley
halves come closer together the belt is forced to ride higher on the pulley,
effectively making the pulley's diameter larger.

Changing thediameter of the pulleysvariesthe transmission'sratio (the number
of times the output shaft spins for each revolution of the engine), in the same
way as a 10-speed bike routes the chain over larger or smaller gears to change
the ratio. Making the input pulley smaller and the output pulley larger gives a
low ratio (alarge number of engine revolutions producing a small number of
output revolutions) for better low-speed acceleration. As the car accelerates,
the pulleysvary their diameter to lower the engine speed as the car speed rises.
Thisisthe samething aconventional transmission does, but instead of changing
theratio in stages by shifting gears, the CVT continuously variestheratio and
thusit acquiresits name.

3.3.8 AUTOMATED MANUAL TRANSMISSION (AMT)
These are basically the manual transmission operated automatically,

hydraulically or electronically. They do not require clutch actuation and gear
shifting manually by thedriver. Thusthereisno clutch pedal and no mechanical
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connection between the transmission
and the selector lever. The
transmission is controlled
electronically through shift-by-wire.

In this system Vehicle Speed Sensors
(VSS) areusedto giveinput to the ECU
for gear shifting. Here electronic
shifting isachieved by astepper motor
as the ECU gives signal to the motor
after analyzing the input from VSS. AMT's are operated depending upon the
vehicle speed only and not according to load. The main advantage of AMT
systemisitscost effectiveness.

TheAMT systemisof threetypes:
1. Single sided clutch transmission(SSCT)

This type incorporates actuators with an existing manual transmission, for
operating the clutch and shifting the gears, it is the cheapest method of all the
AMT types.

2. Double sided clutch transmission(DSCT)

Inthistype, the double sided clutch allows
power from the engine to be transferred
between either of the two power pathsin
thetransmissionitself. Dueto thisthetotal
clutch travel timeis drastically reduced,
consequently improving the shift quality.

3. Dual Clutch Transmission (DCT/DSG)

Theheart of the Dual Clutch Transmission
(DCT) is the combined dual clutch -
system. The DSG acronym is originaly
derived from the Germanword - "Doppd
Schalt Getriebe" but it also hasan English alternative of "Direct Shift Gearbox".
Thereasonfor such anaming isbecause two transmission systems areintegrated
into one. Transmission oneincludestheodd gears (first, third, fifth and reverse),
whiletransmission two containsthe even gears (second, fourth and sixth). The
combined dua clutch system switches from one to the other very quickly,
releasing an odd gear and at the same time engaging a presel ected even gear

Ciuteh 1
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and viceversa. Using thisarrangement, gears can be changed without i nterrupting
the traction from the engine to the driven wheels. This allows dynamic
acceleration and extremely fast gear shifting times that are below human
perception.

3.3.9 MODERN SHIFT CONTROL TECHNIQUES

Select Shift Manual (SSM) & Auto Shift Manual (ASM) Modes

SSM modeallowsadriver to control gear changes as per his persona preference
asinaconventiona manua transmission, whereasA SM mode provides automatic
gear shifting asin an automatic transmission.

Both SSM and ASM use acombination of auto clutch and shift by wire eectronic
control technology. Both of these modesmake use of an dectro-hydraulic or éectro-
mechanical actuation system controlled by aseparatetransmission control module.
Therequest of thedriver for aparticular gear shift istransmitted by asensor to the
controller which sendsacommand to the actuatorsto open or closethe clutchand
disengage or engagethe gear with very fast responses.

DETAILING OF PRACTICALS
1. Automatic transmisson and transaxlefluid check
Fluid level

» Drivethevehiclefor 15 minutesor until thevehicleisat normal operating
temperature

» Pakthevehicleonlevel ground and apply the parking brake

» Lettheenginebeidle.

» Placethetransmission selector lever in PARK/ NEUTRAL position.
* Clean any dirt from around the dip stick cap.

» Pull out thedip stick, wipeit, reinsert it, and pull it out again and note
thefluid level.

» Ifthelevel islow add sufficient amount of specified fluid to bring the
level withinthe marks.

* Donot overfill theAutomatic Transmission Fluid(ATF).
Fluid colour
ATFisnormally RED in colour.
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PINK FLUID- indicatesthat the fluid cooler in theradiator isleaking.
* Repair or replace fluid cooler
* Removeand overhaul transmission or transaxle.

* Replace the seds, bands, clutch plates, washers, speedometer gears
and governor gears.

* Flush the cooler lines and flush or replace the torque converter.

BROWN FLUID- ATF may turn dark in normal use. However,
contaminated fluid may a so haveabrown colour. If contaminated;

* drainthefluid
* removeand inspect the pan.
* replacethefilter.

 refill newfluid.
Fluid condition
»  Check colour, odour
» A quick check of fluid condition can be made by placing oneor two drops
of fluidfrom theend of thedipstick on apaper towd . Asthetowel absorbs

thefluid, examinethestain for pecksor partides. Thisindicatessolid materid
inthefluid.

ASSESSMENT ACTIVITY
1. Conduct afiddvigt to areputed workshop

Dividethe studentsinto small groups. Ask the studentsto prepare adetailed report
about thefunction, construction, working and advantages of work assigned to them.
Thefollowing are the list of worksto be given:

* Torque convertor

* Epicyclic gear box
e Over drive

* Freewhed unit

e CVT

e AMT
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Teacher can evaluate the student on the basis of the following indicators:
» Content depth
* Completion and neatness

* Knowledge level

* Vivavoce

2. Classtest

TE QUESTIONS

1. Expandthetermfollowing:
a) DSCT (@)
b) CVT (1)

2. Some cars can be driven both manually and automatically using a
synchromesh gear box. Identify the mechanism which enables the car to
drivein both the modes. Explain itsworking. (4)
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3.4 DRIVE LINE
INTRODUCTION

This unit explains how power flows from the gearbox to the road wheels. The
unit describes the necessity, function, construction and working of universal
joint and dlipjoint. It a so deal swith the construction and working of differential,
types of crown wheel and bevel pinion, rear axle casing, rear axle drives and
rear axle shaft supporting methods. The students will be able to dismantle,
assemble and diagnose the troublesin thedriveline.

LEARNING OUTCOMES
The learner:
* definesdriveline
* explainsthe construction and working of propeller shaft
*  explainsthe necessity, construction and working of universal joints
. Variablevelocity joint(hook'sjoint, flexiblering universal joint)
. Constant velocity joint (rzeppajoint)
e explainsthefunction of final drive
» differentiates various crown wheels and pinion drive gearing
. Straight bevel gear
. Spiral bevel gear
. Hypoid gears
e explainsthe necessity, construction and working of differential
* explainsthe necessity of limited slip differential
* classifiesrear axle casing
. Split type
. Banjo or separate carrier type
. Salisbury or Integral carrier type
» explainsthe construction and working of rear axle drives
. Hotchkissdrive

. Torgue tube drives
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* explainsthe construction and working of rear axle shaft supporting
. Semi - floating axle
. Full floating axle
. Three quarter floating axle

UNIT IN DETAIL
3.4.1 DEFINITION

A motor vehicle's driveline or drivetrain consists of the parts of the power
train excluding the engine and transmission. It isthe group of parts connecting
the transmission with the driving wheels. It consists of drive shaft (also called
propeller shaft), universal joints, slipjoint, final drive, differential and the half
shafts.

3.4.2 PROPELLER SHAFT

Thisis the shaft which transmits the drive from the transmission to the bevel
pinion or Worm of drivein front engine, rear drive vehiclesand from thetransfer
box to the front and rear axlesin al-wheel drivevehicle. Itisaso caIIedEﬂve
shaft. It consists mainly of three parts:

Outside splines of
the propeller shaft

Internal splines _# Snap ring
of the slip joint

(@) Shaft - Asthishasto withstand mainly torsional loads, it is usually made
of tubular cross-section it also has to be well balanced to avoid whirling
at high speeds. Shaftsare made of steel, aluminium or composite materials.

(b) One or two universal joints - Depends upon the type of rear axle drive
used. The universal joint account for the up and down movements of the
rear axle when the vehicle is running. Modern vehicles use, however,
high-speed constant vel ocity joints, rubber couplings.

(c) Slipjoint - Depending upon the type of drive, one dlip joint may be there
in shaft. This serves to adjust the length of the propeller shaft when
demanded by the rear axle movements. Fig. 6.1 shows a propeller shaft,
with two universal joints at the ends and adlip or dliding joint. Slip joint
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isformed by theinternal splines on the sleeve attached to the left universal
joint and external splines on the propeller shaft.

In somedesigns, slip arrangement isslightly different. Intheseauniversal joint
and splined dlip yoke are located at the transmission end of the shaft where
theseareheldin alignment by abushing in thetransmissionrear extension. This
splineislubricated internally by transmission lubrication or grease. Sometimes
arubber element isincorporated in-between the two dliding tubes to make the
rel ative movement smooth and noiseless.

3.4.3 UNIVERSAL JOINT
3.4.3.1 Hooke's Joint

UNIVERSAL JOINT 1

DRIVING T abs DRIVEN
YOKE

1. Trunnion 4. Cap
2. Seal 5. Snap ring
3. Bearings

A universal joint isaparticular type of connection between two shafts, whose
axesareinclined to each other. The ssimplest type of universal joint isthe Hooke's
joint whichismost widely used asit is simple and compact in construction and
reasonably efficient at small angles of up and down propeller shaft movement,
say up to 180. The axes of shaftsA and B areintersecting. Each of these shafts
containsayoke. The cross C hasfour arms. Thetwo opposite arms of the cross
are supported in bushesin the yoke of shaft A, while the other two arms of the
crossare supported in theyoke of shaft B. Thusshaft A can haveangular rotation
about axis XX and the shaft B, about the axis Y. It isthus seen that it will be
possible with the Hooke's joint for the shafts A and B to have positive drive
while allowing angular movement between them. An improved form of the
Hooke's joint uses needle roller bearing to support the cross in the yoke and
thisresultsin the increase of joint efficiency.

3.4.3.2 Rzeppa Joint (Constant Velocity joint)

Thefirst real constant velocity joint, still in use, isthe Rzeppajoint. In thissix
spherical - balls are held in a precise geometric position midway between the

two shafts, bisecting the angle between them.
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Innes Race Clamp Clamp Lock
Rirey

REappa CV Joint

d ]
Housing 4‘ Circlip Cap.n Balls Bool Circlip Halfshaft

Asshown inthefigure, the joint consists of an outer race, inner race, cage and
six balls. Thejoint can also dide in the axial direction on account of the balls
dliding in the axial grooves of the outer race. Thus the drive shafts can
accommodate the changesin their lengths.

3.4.4 FINAL DRIVE

Thefunctions of thefinal drive areto provide apermanent speed reduction and
alsoto turnthedriveround through 90°. The reduction provided isabout 4:1in
carsand 10:1 in heavier vehicles. Thisisdone either in one or two stages. For
lesser reduction, say up to about 7:1 single reduction is used, while higher
reductions are achieved in two steps.

The final drive in practice consists of a bevel pinion and a crown wheel or
aternatively, worm and wheel arrangement. The bevel pinionis mounted on a
shaft which is connected to the propeller shaft generally through a universal
joint. From the crown wheel the drive goes to the differential. Three types of
gears are used for thefinal drive gearing.

1. Straight Bevel Gears

2. Spira bevel gears

3. Hypoid gears
3.4.5 FINAL DRIVE GEARING
3.4.5.1 Straight Bevel Gears

Thesecontainthestraight teeth. They are
the simplest and the cheapest of all
types. However, with straight bevel
gears, at oneinstant only onepair of teeth
of pinion and the crown wheel will be
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in contact. As aresult an uneven transmission of motion will take place asthe
load istransferred from one pair of teeth to the next. Thusthese gearsare noisy
and suffer from high wear.

3.4.5.2 Spiral Bevel Gears

The spiral bevel gears have curved
teeth which result in greater contact of
the teeth. Because of this spiral bevel ™
gearsaresilentin running and stronger
than the straight bevel gears.

PINION

; “—CROWN
3.4.5.3 Hypoid Gears %RH Ay
|
/ Thesetypesof gearsarewidely used

for final drivethesedays. Inthisthe
pinion shaft isplaced below the axis
of the crown wheel. This permitsa
lower position of the propeller shaft,
thus allowing low chassis height.
The name 'hypoid' is derived from
BV en  the'hyperboloid of revolution'. The
© CROWN basic surface on which theteeth are
WHEEL +  cut in their case, is hyperboloid,

which isasolid obtained by rotating a hyperbola about an offset axis.

3.4.6 DIFFERENTIAL

When the car istaking aturn, the outer wheel will haveto travel greater distance
as compared to the inner wheels. If the car hasasolid rear axle only, there will
be tendency for the wheels to skid. Hence if skidding of the wheel is to be
avoided, some mechanism must beincorporated in the rear axle, which would
reduce the speed of the inner wheel s and increase the speed of the outer wheels
whiletaking turns. It should at the sametime keep the speeds of all the wheels
the same when going straight ahead. Such a device which serves the above
functionsiscalled adifferential.

The crown whed of thefinal driveisattached on acage which carriesa'cross-
pin. Two sun gears mesh with thetwo planet pinions. Axle haf-shaftsare splined
to each of these sun gears. The crown wheel isfreeto rotate on the half-shaft as

shown.
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When the vehicle is going
straight the cage and the
inner gearsrotateasasingle

Zaee™ it and the two half shafts

S i , BEARING revolveat thesame speed. In
' this situation, there is no

5 relativemovement among the

variousdifferential gears. To
o understand what happens
S RO WS when the vehicleistaking a

R KNG GEAR turn, assume that the cageis
stationary. Then turning one sun gear will causethe other to rotatein the opposite
direction. That meansif left sun gear rotates'n' timesin a particular time, the
right sun gear will also rotate n times in the same period but, of course, in the
opposite direction. Thisrotation is super-imposed on the normal wheel speed
when the vehicleistaking aturn. Thusthe outer wheel rotates at higher speed
than theinner wheel whiletaking aturn.

3.4.7 LIMITED SLIP DIFFERENTIAL

The torque from the final driveis also divided between the two haf-shafts. As
the planet pinions arefreeto rotate on the cross-pin or the spider arm, they cannot

ﬁ - apply different torque to the teeth

AKLE SHAFT

AXLE SHAFT 2

SUN
GEAR

gra ey on one side from the one on the
other side. Therefore, they act asa
balance and divide the torque

CROWN WHEEL
OR RING GEAR

ﬁ\
' ~

s CLUTCH PLATES DIFFERENTIAL &]Ud |y baWGeq thetWO th son

\ S the axle, even when their speeds

\ SuN GEAR aredifferent.

§ Z axce Duetothisreason if onewhed is
f N SHAF] . .
&_\ : on adlippery surface whereit can
/ N

simply skid and any torquethat is

AXLE

saptr : transmitted to it will simply rotate
D [g\\\ it idly, no tractive force can be
i T obtained from the other whedl. In

this situation the slipping wheel

J will spin at twicethe crown wheel

speed, while the opposite wheel
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will remain stationary. This equality of torquesistrue only if thereisno friction
present anywherein thedifferential system. However, becausethisisnot possible
in practice, someinequality of torquesisawaysthere. Thelarger the amount of
friction presentinthedifferentia, thelarger istheinequality of torquesand hence
if onewhed of the vehicle with friction in the differentia gets on to a dippery
surface e.g., ice, mud or if the whedl gets lifted off the ground while turning at
high speedsasinracing cars, for example, then alarger torque may be transmitted
to the other whedl, which hasagood grip on theroad, than to the dlipping whesdl.
Thusthe grip of that wheel is utilized. Thiswould not be possiblein the absence
of friction. Itisfor thisreason that sometimesfrictionisintroduced indifferentials
intentionally by employing clutch friction plates between the sun gears and the
cage. These plates areloaded by means of dished springs, which are so mounted
that loading increases or decreases directly asthetorqueisvaried. Thefrictional
resistancethus provided issuch that it does not stop thenorma differentia action.
Such adifferentia iscalled "non-dlip or limited dlip differentia”.

It may befurther observed that non-dlip or limited dip differentialsare employed
ordinarily, on rear-wheel drive vehicles, since the front of the front-wheel drive
vehicleshaveto be steered also. If anon-dlip differentia isused in afront-wheel
drive vehicle, it could cause the vehicle to suddenly pull toward the slipping
whedl and may thus cause steering problems. This has been taken care of by
means of electronic control.

3.2.8 REAR AXLE CASING

The figure shows a smplified

PINION SHAFT view of the live rear axle of a
i front engine, rear driven
automobile Thedifferentid isnot

shown purposdly, so asto make
the general arrangement more
clear. The drive from the
propeller shaft comes to the
pinion shaft which is supported
inbearingsintheaxlecasing. The
crown whedl is in mesh with the pinion and is mounted on shaft on the ends of
which are fixed the caps which serveto restrict the whedlsin axid direction. The
wheelsaremounted on bearings on the ends of the axle shaft. In practice, however,
therearetwo haf shaftsinstead of single one shown here. Theweight of the body

BEAR BEARING

ICROWN | SHAFT—/
WHEEL
-

WHEEL

and load dueto occupantsistransmitted through springsto the axle casing.
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The casings used for rear axles are of two types:

1. Split Type

In this type the axle casing is made in two halves and then bolted together for
assembly. This type has a mgjor disadvantage that in case of any fault, the
whole of therear axle hasto be removed as aunit and then disassembled. This
type is obsol ete now.

2. Banjo or Separate Carrier Type

This type of axle of one-piece type is shaped like a banjo. The complete
differential unit is carried in a separate carrier which is bolted to the axle
casing. Thetwo half shaftsare put from sides. Thereforein case of any need for

repairs, the half shafts can betaken out directly from the sidesand the differential
assembly is removed by opening bolts only.

3.4.9 REAR AXLE DRIVES
1. Hotchkiss Drive

M el " Thisisthesimplest and most widely
g\ "B used type of rear axledrive. Inthis
: 2 case the springs besides taking

SLIDING wseane  Weight of the body, also take the

JOINT

GEAR BOX
SHAFT

wiee.  torque reaction, driving thrust and
S CASING thesidethrust. Thefigureadongside
Joinr oAt PEVEL PIMoN sHATT - ghows such a drive. The propeller
shaftisprovided with two universa

joints and also adliding joint. The spring isfixed rigidly in the middle to the rear
axle. Thefront end of the spring isfixed rigidly on the frame, whiletherear endis
supported inashackle. Thedriving thrust istransmitted totheframe by thefront half

of thesprings. It usestwo universa joints

and onedipjoint. FRAME——
2. Torque tube drive \t:"l_:y_l 0 2o p
Inthistypeof drive, thespringtakesonly  seaesox [ 2

SHAFT

thesdethrust bes dessupporting the body
weight. The torque reaction, braking
torque and thedriving thrust aretaken by
another member whichiscaledthetorque
tube. One end of torque tubeis attached
to the axle casing, while the other end
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whichisspherical in shapefitsinthe cup fixed to theframeasshowninfigure. The
torgque tube enclosesthe propeller shaft. Sincein thiscasethetorquetubetakesthe
torque reaction, the centre line of the bevel pinion shaft will not shift and further it
will aways pass through the centre of the spherical cup if the propeller shaft is
connected to the gear box shaft by meansof auniversa joint Situated exactly at the
centre of the spherical cup. In such a situation, no universal joint is needed at the
rear end of the propeller shaft. Moreover, no didingjoint is provided because both
the pinion shaft and the prope ler shaft in this casewill move about the samecentre
of the spherica cup. Clearly torque reaction and the driving thrust are taken by the
torquetube.

3.4.10 REAR AXLE SHAFT SUPPORTING

3.4.10.1 SEMI-FLOATING AXLE
directly connected to the axle

TAPER KEY
WHEEL HUB

% shaft or is an extension of the
ﬂ q\ same. Theinner end of theaxle
é ) ) . r——m ﬁ} shaft is splined and is
supported by the final drive
unit, whereas the outer end is
supported by a single bearing
inside the axle casing. In this
case axle shaft supposed to take the vehicle weight, driving torque, braking
torque and end thrust. The loads listed above are taken by the axle shaft. The
vehicleload istransmitted to each of the half shaftsthrough the casing and the
bearing. This causes a bending |load and a tendency to shear. Besides, the side
forcesalso cause end thrust and bending moment in the axle shafts, which have
totakethedrivingtorque a so. The semi-floating axleisthe s mplest and cheapest
of al types, and hence iswidely used on cars.

2.4.10.2 FULL-FLOATING AXLE
This type is a very robust one and is used in heavy vehicles. Asis seen in
figure, the axle shafts have flanges at the outer ends, which are connected to the

flanged sleeve by means of bolts. There aretwo taper roller bearings supporting
the axle casing in the hub, which take up any side load. Thusin this the axle

AXLE

AXLE - The figure shows a semi

floating axle. Thewheel hubis

AXLE SHAFT

AN

shafts carry only the driving torque.
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WHEEL STUD—\_: E‘%}rﬂéﬂG LOCK
Theweight of the vehicle and the end thrust \\fi\ 7
are not carried by them, the weight being ' I
completely supported by the wheels and g E% 7%
theaxlecasing. Astheaxleshaftscarry only I 17
thedriving torque, their failure or removal [ R
does not affect the wheels. Thus the axle é%ly — Z
shafts can be taken out or replaced without l Z
jacking up the vehicle. For thesamereason tisikc //
the vehicle can be towed even with a - n - N ¥/
broken half-shaft. However, it is the SLEEVE

costliest type.
2.4.10.3 THREE QUARTER FLOATING AXLE
Thisisacompromise between the

more robust full floating type and WHEEL HuB
the simplest semi-floating type. In SRS\

thisthe bearingislocated between '
the axle casing and the hub instead AXLE SHAFTY

of between the axle casing and the [

shaft asin the case of semi-floating (*
axle. As is clear from the figure,‘@"“_““*—
the axle shafts do not have to -

7
withstand any shearing or bending %
actions due to the weight of the AN e jlo1g7 é“

_Ea _

vehicle, which are taken up by the

axle casing through the hub and the

bearing, provided the bearing lies

in the plane of the road wheel. However, it has to take the end loads and the
driving torque.

At onetimethistype of axlewas popular in cars and light commercia vehicles.
However with improvements in design, materials and fabrication techniques,

cheaper and simple semi-floating axles are being preferred these days over the
three-quarter floating types.
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DETAILING OF PRACTICALS
PROPELLER SHAFT & UNIVERSAL JOINT
Procedure

»  Beforeremoving the shaft, it is necessary to mark the end flanges so that
they can berefitted in the same position.

»  Disconnect thejointsat the both ends and remove the shaft.
*  Removethedust cover on the dliding joint and separate the two parts.

»  Beforedismantling the universal joint make match marks on the yoke and
propeller shaft. Clamp the universal joint assembly in abench vice using soft
jawsand removethecirclips.

*  Thenwith soft drift, gently tap from above so that needle bearing on thelower
Sdefdlsout.

*  Reversethejoint and drive out the bearing. Likewisedrive out the bearings
from the other endsa so.

*  Removedl lubricating nipplesfromthejoints

e Washal the partsin paraffin. Inspect the bearing, journal trunnionsand the
splinesof didingjoint for wear. If thereissign of wear or excessivelooseness
found replacethedifferent parts.

e Greasethevariousrollersand assemblethe needl e bearings. Replacethe gaskets
andfit thejourna and bearing trunnionsto theyokes. Instal thecirclips. Screw
thedust cover anddideinthedipjoint. Lubricatethevariousjointswith specified
[ubricant. Placethe reassembled propdler shaftin positioninthechasss, insert
theboltsin theflangesand tighten them.

DIFFERENTIAL

Procedure

e Jack up thevehicle & place axle stand under axle tube on both sides.
*  Removerear axle half shaftsand drain oil in tray.

* Remove end cover, remove bolts connecting propeller shall flange and
pinion flange.

*  Keep the propeller shaft away & remove the nuts of differential housing
and take out.

&>
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» Cleanthedifferential housing with wire brush.

Dismantling the differential assembly

*  Removecap tightening bolt, removelocking bolt, and pull out thelocking
clip.

* Remove cap screw adjusting nut on both sides & lift the crown wheel
assembly outof the housing.

»  Fastenlocking plate and remove boltsto remove crown wheel, and cage.
Dismantlesun gear, planetary gears, spacersand thrust washers.

*  Cleanall thecomponentswith kerosene.
Inspection

»  Inspect eachtooth for any pitting or broken tip on crown whedl, pinion, sun
gear and planetary pinion. Measure theteeth on crown and pinionto find out
thedifferentid reduction.

Reassemble all the parts in the reverse order.

*  Fixback differentia assembly in axlehousing with new gasket & tightenall
nuts.

*  Fixupinspection cover with new gasket and fill SAEEP90ail in differentia
assembly up tothespecified oil level.

*  Fixup half axle shall and tighten itsbolts & removetheiron horses.
»  Connect propeller shaft & tightenitsboltsfully.

Assessment Activity

1. Assignment on the construction and working of differential

2. Seminar onLimited Slip Differential

3. Seminar on Rear Axle Shaft supporting

4. Classtest
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TE QUESTIONS
Fill inthe blank suitably:
1. Variablevelocity joint can transmit the motion maximumof ...... degree.

(1)

2. During aclassroom discussion Mr.Firos argued that thereis no need of a
universal joint and dipjoint for thetransmission of power fromenginetodrive
wheds. Do you agreewith hisargument? Justify your opinion. 4)

3. Identify thetypeof axleinwhich all theloadsof rear portion of thevehicleis
carried by theaxletube only. Also mention the other advantages of thistype of
rear axle. 3

Statethefunctionsof adifferentid unit. 2
5. Writeshort noteson

a) Limited Sipdifferentid

b) Hypoid Gears 4)

EXTENDED ACTIVITIES
* FedVist
« QOJT
e Survey
« Camp
* Vocational expo
* Production cumtraining centre (PTC)

LIST OF PRACTICALS
MODULE 3: AUTOMOTIVE TRANSMISSION SYSTEMS
3.1 CLUTCH

1. Study thevarious complaintsthat may be produced on clutches, givetheir
causesand suggest remedies.

2. Remove, dismantle, inspect, serviceand assemblethesingleplateclutch (Thrust

spring type).
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3.

4.
S.
6.

Remove, dismantle, inspect, service and assemble the single plate clutch
(Digphragm spring type).

Remove, dismantle, inspect, serviceand assemblethe Multi plate clutch.
Inspect, service and adjust the clutch linkage.

Inspect and servicetherel ease bearing and flywhesl.

3.2 MANUAL TRANSMISSION

1.

B W o ok~ 0D

© a0 s WD P W o N O 0N

Study possible complaintsthat may be produced on the gear box, statethe
causes and suggest remedies.

Remove, dismantle, inspect, assemble and refit the constant mesh gear box.
Remove, dismantle, inspect, assembleand refit the synchromesh gear box.
Remove, dismantle, inspect, assembleand refit thetransaxle.

Remove, dismantle, inspect, assembleand refit the gear sel ector mechanism.
Changethegear oil from thegear box.

AUTOMATIC TRANSMISSION

Check thefluidin automatic transmissions and transaxles and inspect fluid
leakage.

Study varioustroublesand remedi esin automeatic transmission and transaxl es.
Perform thelinkage and band adjustments.

Changingthefluidandfilters.

Adjusting neutrd safety switch.

Overhauling automatictransmission.

Dismantle, inspect, service and assemblethetorque converter.

Dismantle, inspect, service and assemble the planetary gears.

.3 DRIVE LINE

Remove, inspect, service and refit the universal joint.

Dismantle, inspect, service and refit the propeller shaft.

Dismantle, inspect, service, assemble and refit the differential unit.
Dismantle, inspect, service, assemble and refit thelimited slip differentia.
Remove, inspect, service and refit rear axle bearings and seals
Calculate the gear ratio of final drive.

@
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Module 4
AUTOMOTIVE ELECTRICAL SYSTEMS

OVER VIEW

Theautomobileusesavariety of € ectrical accessoriesfor different purposes. This
section describesthe construction and working of battery which isthe source of
electricity inautomohiles. Themodul e enablesthe sudentsto tracedifferent eectrica
circuitslikelighting circuit, directionindicator circuit, brakelight circuit, horn circuit
etc. For starting avehiclewehaveto crank the engine by using starting motor, for
igniting thefuel intheenginean eectric spark isused, for charging thebattery inthe
vehiclethecharging syssemisamust. Themoduleded swithdl theseareasin detall.

Themodulea so explainstheemission control system used in automobileswhichis
most rel evant nowadays. The conceptsof euro normsimplementationinindiaand
different emission control systems used for minimizing pollution are explained
thoroughly. Safety features commonly used in automobileslikeair bags, seat belts
etc. ared so mentioned inthismodule. The module on automotivedectrica systems
provideawiderangeof job opportunitiesin the automobileindustry.




Reference Book [

4.1 AUTOMOTIVE BATTERY
INTRODUCTION

Battery is the heart of any automobile electrical system. It is the source of
electricity. It is a rechargeable battery that supplies electric energy to an
automobile. Thisunit elaboratesthetypes, construction and working of battery.
Care and maintenance, characteristics of batteries, charging methods and battery
testing are other key topicsin thisunit.

Learning Outcomes
The learner ;
* explainsthefunctionsof battery

classifies different types of battery
. Lead acid battery
. Alkaline battery
. Zinc-Air battery
. Nickel-metal hydride battery
. Lithium -ion battery
* explainsthe construction and working of lead acid battery
» statesand define cell voltage, capacity and battery rating
» explainsdifferent battery tests
. Specific gravity test
. Openvolt test
. High dischargetest
. Cadmium test
*  describesdifferent charging methods
. Slow rate charging
. Quick ratecharging
. Tricklecharging

*  explainsthe care and maintenance of battery




B AUTOMOBILE TECHNOLOGY

UNIT IN DETAIL
4.1.1 BATTERY

Battery is an electrochemical device which converts chemical energy to
electrical energy when discharging and electrical energy to chemical energy
while charging. Themain purposes of battery areto store electrical energy and
to provide a supply of current for cranking the starting motor and for other
electrical units.

4.1.2 Different types of Battery
1. Lead acid battery
2. Alkainebattery
3. Zinc- air battery
4. Nickel - Metal hydride battery
5. Lithium-ion battery
4.1.3 LEAD ACID BATTERY
CONSTRUCTION
The mg or components of the battery are:
1. Container
2. Plates
3. Separators
4. Cdl
5. Electrolyte
Container

They are of single piec
construction made of pol
propylenewhichisvery stror .., .o.ecers
and light weight plastic. The
arepartitionsingdethecontain i
for different cells. Toavoidtt >
short of positive and negati\ S— X
plates, bridgesareformed at tt
bottom of the container.
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Plates

There are two types of battery plates
1. Positive plate
2. Negative plate

For each platethereis supporting grid made of alloy of lead and antimony. The
function of grid isto hold the activematerial and to carry current inthe plates.

Theactivematerial inthe positive plategridislead peroxide (PbO2) in chocolate
colour and negativeplateisspongy lead(Pb) ingrey colour. Theseplatesareimmersed
indilutesulphuricacid. Thereare separatorsto keep the positive and negative plates
gpart. These separatorsare made of non - conducting porous materia sand prevent
short circuits. A number of positiveplatesarelead burnt to apost straptoforma
positive plate group; whilethe negative plate group contains one plate morethan
positivegroup so that both side of positive plates can be utilized as greater electro
chemical activity takes place. The positive plate post isusually larger in diameter
thanthe negativeplates.

Cells

Onepogtiveand onenegativegroup of platesaredideover each other with separators
in between, to form cell. Each cell suppliesacurrent of 2V. i.e, al2 volt battery
consistsof 6 cells. Thesizeof the platesand their number per cell determinesthe
capacity of thebattery. Cellsareconnectedin series.

Electrolyte

After assembling completely, the battery isfilled with eectrolyte. It isasolution of
water and sul phuric acid. It contains approximately one part of sulphuric acid and
two partsof water by volume. Infully charged condition, thegravity is1.290 at 15
degreewhere; the specific gravity of fully discharged battery isabout 1.110.

Assessment Activity

Demonstrate each component of lead acid battery to studentsindividually and ask
them to identify and explain the function of each component.

Teacher can evaluatethe students asfollows:

Identifyingonecomponent - 1 score
. 2 score
Function of that component - 1 score
For 5 components - 2x5=10 scores
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Working of lead acid battery

Chemical equation of abattery while discharging and chargingisgiven
below: PbO2+ 2H2S04+ Pb ---------- -> discharging PbSO4 + 2H20 + PhSO4

S charging
(+ve plate electrolyte -ve plate) (+ve plate electrolyte -ve plate)

On discharging both PbO2 and Pb are converted to | ead sul phate, (PbSO4) and
water isproduced, which dilutesthe el ectrolyte solution. During recharging, lead
sulphateon pogitive platesis convertedinto lead peroxide (PhO2), whileon negative
plates|ead sulphateis converted to spongy lead. Water is split up into oxygenand
hydrogen gasesduring charging process. Thehydrogen combineswith the sulphate
ionstoreform sulphuricacid. Inthisway thespecific gravity of eectrolyteisincreased
during the charging process.

CHARACTERISTICS OF BATTARY

4.1.4.1 CELL VOLTAGE

Theopen circuit voltage of afully charged battery cell is2.1V. A six volt battery
would, therefore, bemade of 3 cells, whilea12 volt battery would contain 6 cells
connected in series. It may benoted that cell voltageisnot affected by thecell size
and the number of plates.

4.1.4.2 BATTERY CAPACITY

The capacity of abattery is defined as the amount of current it can deliver. It

depends upon the number and area of platesin the cell and the quality of the
electrolyte. It also dependsupon thetemperature of electrolyte.

4.1.4.3 BATTERY RATINGS
Itisdetermined by the current it can produce and thetimefor whichit can sustain
thiscurrent. Sometypesof ratingsare:

1.  20hour rate- it indicatesthelasting power of battery onsmall load. Thatisthe
rate of current abattery can deliver continuoudly for 20 hoursafter which the
cell voltage should not drop below 1.75 volts.

2. Reservecapacity - Thisisthelength of timethat afully charged battery at 27
degree Cdsiuscanddiver 25Amperes. Atypica raingis 125 minutesinwhich
abattery can bedischarged at 25 amperesfor 125 minutesif thealternator is
not working.

Assessment Activity

Assgnment on characteristics of battery
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4.1.5 BATTERY TESTING

Thefollowing aretheimportant tests conducted to determine the conditions of
abattery.

1 Specific Gravity Test
2. Open Volt Test
3. High Discharge Test

Specific Gravity Test

Thisis conducted with the help of ahydrometer. Immerse the sampler tubein
the cell electrolyte, squeeze the rubber bulb and rel ease the same which would
cause a sample of the electrolyte to be drawn inside the glass body. Let the
float insiderise and then read the scale at the surface level of the sampledrawn
in. Note down the reading of the float. If the specific gravity is 1.290, the
battery isin full charged condition. If thereading is 1.20 the battery isin half
charged condition. If itis1.110thebattery isfully discharged. If thetemperature
isabove 320 C; the specific gravity may decrease.

Open Volt Test

Thevehiclefitted with maintenance free battery is sealed and hence, that cannot
be checked by hydrometer. In such case, that can be checked by open volt test.
Theopen circuit voltage of the battery cell ismeasured with the help of ordinary
voltmeter. The open circuit voltage of afully charged battery cell isabout 2.1
volts. Connect the voltmeter to battery terminals by shutting off al the other
accessories. Incase of a12 volt battery, if the voltmeter reads 12.6 volts, it is
fully charged. If it reads 12.2 voltsit is half charged. If the reading is below
11.9voalts, it isfully discharged.

High Discharge Test

Open voltagetest isnot representative of the cell voltage under actual operating
conditions. The cranking motor at thetime of starting drawsvery heavy current
which causesthecdll voltagetofall. To stimulatethiscondition ahighdischargetest
ismade with the help of acell voltagetester. A cell voltagetester consistsof a
voltmeter connected to 2 legswith ahigh resistance placed acrossthis. Pressing the
2 legsof the cell tester on the cell terminal s causes heavy current (say 150 to 200
amperes) to flow. Thetestismade for 5to 10 seconds at the end of which the
voltage should not fall below 1.5 volts and the difference of cell voltages of
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various cells should not exceed 0.2 volts, otherwise the battery isdefective. If
the cell tester isnot available, thistest may also be made with help of cranking
motor. The voltage readings are taken with the help of agood voltmeter.

4.1.6 BATTERY CHARGING

If the battery charge hasgot down to alower vaue, therun of vehicleisnot sufficient
to charge the battery. In this condition the battery is to be charged from other
externa sources. Therearedifferent methods of battery charging. They are:

1. Slow RateCharging
i) Constant voltage charging
i) Constant current charging
2. Quick Rate Charging or Booster Charging
3. TrickleCharging
1. Slow rate charging

Ordinarily batteries are charged by slow rate charging method. It takes about
12 to 20 hoursfor charging a battery using this method. It isthe safest method
of charging as it increases the life of abattery. There are 2 types of slow rate
charging. They are

i) Constant voltage charging

Thistype of charger isamotor generator set. Thegenerator israted 15 voltsfor 12
volt batteries. When the battery in a discharged condition is connected to the
generator, current will flow into the battery. As the battery nears its charge, its
termina voltagewill increasewithincreasein opposition to charging current. That
is the charging current tapers off as the battery approaches the charged condition.
Thebattery should beremoved from the charger if thetemperatureincreases beyond
thelimit.

i) Constant current charging

This type of charger is arectifier. The charging current of this rectifier can be
adjusted with the help of arheostat. The battery may be charged at 5A rate. The
charging may be continued till al the cells of the battery are gassing freely and no
further risein the specific gravity of the el ectrolyte takes place for another 2 hours.

2. Quick Rate Charging or Booster Charging

Boosters are devices which supply high charging currents of 40 to 100A,
depending upon the size of the battery. It is possible to recharge a battery to
amost thefull charge conditionin an hour using thisprocess. Some precautions
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should be taken before attempting booster charging. They are:

1
2.

3.
4.

The battery must bein good condition.

A badly overcharged battery which has been allowed to stand idle for
long period should not be charged this way.

A badly sulphated battery should not be quick charged.

The électrolyte temperature should not be allowed to rise above 500
C.

4.1.7 CARE AND MAINTENANCE OF BATTERY

The vehicle batteries must be inspected periodically, say, every week. The
following points may be taken care of.

1.
2.
3.

© oo N

The battery terminal s should be clean and tight.

Remove vent plugs while charging.

Never bring flame near vent holes while charging as it may cause
explosion.

In case the electrolyte level in the battery is not sufficient, top up with
distilled water.

Never let the battery remain in discharged condition, otherwise the
plates will become sulphated.

Do not put weight on battery asit may bend the plates.

Do not hammer the battery terminals.

Put petroleum jelly on battery terminalsto avoid sul phation.

To avoid accidental arching, always remove the negative cable first
while disconnecting and connecting the battery.

10. Avoid the contact of electrolyte with eyes, skin or cloths
DETAILING OF PRACTICALS

BATTERY TEST
Specific gravity test with hydrometer

Procedure

Specific gravity of the battery electrolyte is the main test in determining the
state of charge of the battery or battery cells. It ischecked by using ahydrometer.
The hydrometer has a reading range of 1.100 to 1.300. The scale is based on
purewater, which hasareading of 1.000. We have already seen that one way of
knowing the state of charge of the battery isto know the amount of sulphuric
acid left in the electrolyte. This can be found out with the help of a battery
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hydrometer. It can be noted that the electrolyte contains about 39% acid and
61% water by weight in afully charged battery whereas, when discharged it is
about 85% water and 15% acid. The hydrometer does not measure the
percentages, but instead, it directly measures the gravity of electrolytes. When
theelectrolyteisdrawn inside thetube, float rises or sinks, depending upon the
specific gravity of the electrolyte. The reading coinciding with the marking at
the electrolytelevel isnoted. Then correction will be considered corresponding
tothenormal temperature of 27°C. The specific gravity of the electrolytevaries
with thetemperature. Theliquid expands and becomesthinner when heated and
it loses its specific gravity. It is therefore essential to take into account the
temperature while taking specific gravity reading to know the state charge of
the battery accurately.

If the temperature is above or below 27°C , readings should be corrected, as
below:

If the temperature is above 27°C, 0.004 for every 5°C isto be added to obtain
the correct reading. Similarly, if the temperature is below 27°C deduct 0.004
for every 5°C to the correct reading. The specific gravity reading can be taken
from the marking on thefloat stem. Thetable below showsthe specific gravity
readings and the state of charge of the battery.

Approximate specific | State of charge of battery
gravity

1 1.260-1.280 Fully charged

2 1.230-1.260 ¥4 charged

3 1.200-1.230 Half charged

4 1.170-1.120 %, charged

5 1.140-1.170 About rundown
6 1.110-1.140 Discharged

High rate discharge test with cell tester

Procedure

*  Thestateof charge of abattery can be measured with an instrument, which
insertsaresistance acrossthe cell terminals, and the cell voltagereadingis

obtained on the voltmeter. Asthe prods are pressed down on to connectors
across the cell or to the battery terminals and after approximately 10
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seconds, the reading on the scale marked showing battery condition
discharging is noted.

If needle fallsin the green band the battery is serviceable. If reading isin
thered band, or the needle dropsrapidly towardsthered - band, the battery
should be given a bench charging or be replaced.

The high rate discharge can be done with the cranking motor also. For
making thetest, ground theignition primary lead at the distributor, so that
the engine does not start. Now Operate the cranking motor and check the
voltage of each battery cell. Generally, if during the test, the cell voltages
fall below 1.5 V or there is a difference of 0.2 V or more between the
cells, battery trouble may be suspected. Beforefinal conclusion, recharge
the battery and check it again.

Before making HRD test, the electrolyte level in all the cells should be
correct, there should be no apparent defectsin the battery, and it should be
at least half charged. Further, the motor should not be operated for more
than 20 seconds at a stretch.

Open-circuit Voltage Test

Procedure

To conduct thistest, avery accurate and sensitive voltmeter isrequired.In
thistest, the open circuit voltage (no load applied) of each cell istaken.

Even though the voltage of alead-acid battery cell is2.0V, intruthitis
dightly higher thanthis.

A battery cell in good condition and fully charged may have an open circuit
volt of about 2.15 V. Thereisadifference of about 0.15V between afully
charged and a discharged cell. Normally, each 0.01 V is equal to a
difference of 0.010 specific gravity point.

It should be noted that the batteries that have been just charged should not
be tested with the voltmeter because the gases on the plate surfaces will
cause ahigh reading.

The battery should be allowed to stand for a sufficient number of hoursto
permit dissi pation of these gases beforethetest isconducted.

These gases can also be eliminated by subjecting the battery to high
dischargefor afew moments (eg:- by cranking the enginewith theignition
switch off).
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Assessment Activity
1. Seminar on battery testing

2. Classtest
TE QUESTIONS
Fill inthe blanks
1. Batteryconverts ...................... energyto ........c.cce.e.... €NEIQY. (1)

2. Choosethe correct answer.
The specific gravity of a fully charged battery is --------

(1.80,1.110,1.280,1.200) (@)
3. Trueorfdse @

Most batterieshavea negative plate more thanthe positiveplatesineach cell.

List themajor componentsof alead acid battery . ©)]

The specific gravity of afully discharged battery isvery low. Do you agree?

Justify your answer.

Namethefactorswhich affect the battery capacity. ©)]

Thevariousteststo detect the condition of abattery arelisted bel ow:
a. Specificgravity test using hydrometer
b. Openvolttest using ordinary volt meter.
c. Highdischargetest by using highratedischargetester
Briefly explain each type of test. (3x2=6)
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UNIT 4.2
CHARGING SYSTEM

INTRODUCTION

The battery used in an automobile has to be charged by the vehicle itself. A
charging system isused in every vehicle. Alternator or magneto isused for this
purpose. The unit describes the basic principle of Faraday's law of
el ectromagneticinduction. It aso deal swith the construction, working and testing
of an alternator. The students will able to differentiate between an alternator
and adynamo. They will also be able to service the charging system.

LEARNING OUTCOMES

The learner:

»  describesthefunctionsand requirements of charging system
» drawsand explainthe charging circuit

*  explainsthe construction and working of €l ectromagnet

» statesFaraday'slaw of electromagnetic induction

* explainsthe construction and working of alternator

*  describes dternator regulation

» differentiates DC generator and alternator

UNIT IN DETAIL
4.2.1 CHARGING SYSTEM

The function of the charging system in an automobile is to generate, regulate
and supply the electric energy for charging the battery. The requirements of a
charging system, when the vehicleisrunning are:

To supply the current demands of all the loads.

To supply the current required for charging the battery under all conditions.
To supply constant voltage under all conditions.

Should include a provision to indicate proper working.

Should have highest power to weight ratio.

Should be reliable and quiet.

Should require least maintenance.

N o g s~ D PR
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The charging system consists of agenerator for converting mechanical energy
from the engine into electrical energy, a regulator to control the amount of
el ectrical energy so produced, arelay to regul ate theflow of the charging current
from the generator to the battery relevant to the state of charge of the battery and
an ammeter or indicating lamp to indicate whether the system is operating or
not. In modern cars, the charging system includes an alternator only instead of a
generator.

4.2.2 CHARGING CIRCUIT DIAGRAM

A typical charging system containsan
alternator (generator), drive belt,
battery, voltage regulator and the
1 P e ASSOCiated wiring. The charging
T resularef qystem, like the starting system is a
— & seriescircuit with the battery wired in
Ao swreh - pardlel. After theengineisstarted and
isrunning, the alternator takesover as
the source of power and the battery then
becomes part of the load on the
charging system.

B
PRE
e =
1?' i

'"}ﬁ_

= ALTERNATOR

PRINCIPLE OF A GENERATOR

When aconductor ismoved inamagnetic field acurrent isproduced init. If the
magnets used are permanent, the strength of the magnetic field will be weak
which leads to a weak electromagnetic force. Owing to this fact the magnets
used in generators are electromagnets. A generator consists of a frame which
provides room for other components, an armature winding and field coil .

4.2.3 ELECTROMAGNET

An electromagnet is atype of magnet in which the magnetic field is produced
by an electric current. The magneticfield disappearswhen the current isturned
off. Electromagnets usually consist of alarge number of closely spaced turns of
wire that create the magnetic field. The wire turns are often wound around a
magnetic core made from a ferromagnetic or ferrimagnetic material such as
iron. The magnetic core concentrates the magnetic flux and thus, makesamore
powerful magnet.

4.2.4 FARADAY'S LAW OF ELECTROMAGNETIC INDUCTION
When a conductor is moved in a magnetic field, a current is induced in the

N
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conductor. The amount of current depends upon the strength of the magnetic
field, the number of turnsin the conductor & speed of relative motion.

4.2.5 ALTERNATOR

In modern cars, the charging system uses an alternator instead of adynamo. So
this reference book deals with the construction and working of aternators &
comparesthe dynamo with aalternator.

CONSTRUCTION & WORKING OF ALTERNATOR

The aternator isAC generator which produces aternating currents instead of
DC current as produced by agenerator. The automotive el ectrical system requires
only direct current; the alternating current produced by the alternator should be
converted to direct current by adiode or rectifier.

Alternator consists of the following elements:
1. Frameor housing
2. Rotor
3. Sliprings & brushes
4. Stator
Constructional Details

1. Frameor housing - Thisenclosestheentire aternator assembly and ismade
of cast aluminium in two
pieces. Aluminium is light
weight, non-magneticandhas el 7™ weciure

higher therma conductivityso@@ A

as to keep the alternator
assembly cool by more
efficient transfer of heat. The
front part of the frame (called
driveend housing) hasball bearings,
whiletherear part (called brush-end housing)
contains aroller bearing.

2. Rotor -The most common rotor isthe claw pole rotor, which consists of an
iron core around the rotor shaft. Many turns of copper wire coated with
varnish are wound over the core. On both sides of the rotor, thick metal
plates are bent over the winding with triangular fingers called poles. These
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metal piecesare called pole pieces. The pole pieces are placed interlocking
to each other so that when the current flowsthrough the winding, these pole
pieces acquire opposite polarity. This will result in aternating north and
south magnetic pole on the polesfingers. Thiscreates magnetic fiel dsbetween
the alternating polefingers. Thus, the AC generator has arotating magnetic
field.

3. Slipring & Brushes-The current to therotor winding is carried through the
copper dip rings and carbon brushes. The brushes ride the surface of the
dip ringson therotor under spring tension provided by the brush holders,

4. Stator -Three-phase aternator is commonly used in automobiles. Between
two halves of the alternator casing, is Situated the stator consisting of three
sets of winding wound over alaminated iron core. When the rotor rotates,
itsmoving magneticfieldinduces currentin all thethree stator windings. All
alternators contain at least six diodes, one pair of a positive and anegative
diode for each winding to have full-wave rectification of the ac current
produced in the aternator. One diode would achieve only half wave
rectification. Threepositivediodesareusudly included intherectifier circuit.

WORKING OF ALTERNATOR

When the electromagnet BATTERY N i F;T:JN":T /
(rotor) is rotated, the m—
magneticlinesof forcecut ' o
the stationary stator [00p * [ecusenr 0 .
to produce an induced \ - Lsue e s '

F oy Y |
current. After every half —‘u—t’moas

revolution the magnet
reverses its polarities; the current produced in the stator changesin signin a
revolution. To convert the alternating current into direct current; diodes pass
through them only in one direction. Thus AC current is converted into DC
current to supply power for various electrical needs.

4.2.6 ALTERNATOR REGULATION

In case of alternators; diodes are employed in the stator output circuits which
allow the current to flow in one direction only. Thus the cut out relay used in
DC generator regulator is not required because diodes do not allow the current
to flow from the battery to the aternator when it stops or slows, although the
connection between the two still remains. Alternator do not require current

>
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limitersasthey do not produce enough current to cause damageto the alternator
itself. However an dternator could produce morethan 250 voltsif not controlled.
Thus only voltage regulator isrequired with an aternator.

4.2.7 COMPARISON OF ALTERNATOR WITH DC GENERATOR

1
2.

At low speed, aternator produce more current than DC generator.

For an alternator no external current regulator is required for the control
of maximum current. But for DC generator current regul ationismust.

Astherectifiersinstalled in the aternator itself serve as one-way valves
for the current flow, a separate cut-out relay is not required.

In aDC generator the output windings are in the armature which rotates,
whereas in alternator the same are on the stator. Dueto thisthe cooling is
comparatively easy in aternatorsand hencethereis maximum output. (e.g.
50 amp compared with 30 amp. in case of DC generator).

The maximum permissible speed in case of alternatorsis generally about
30 percent higher than the DC generator which isrestricted to about 9000
rpm due to commutator operation.

The output/weight ratio of alternators is higher than that of generators.
Thisismainly on account of higher permissible maximum speedsin case
of alternators. For alternatorswith built-in reel output/weight ratio isabout
100% higher than DC generator.

In the DC generator the entire current produced has to pass through the

carbon brushes. In the alternator the carbon brushes carries only the field
current (approximately 2 to 5A).

Alternator is simpler in construction compared to the DC generator.
Therefore it requires less maintenance and is more reliable.

The only disadvantage with aternator systemisitshigher initial cost than
the DC generator.

DETAILING OF PRACTICALS

Alternator

Procedure

Disconnect the grounded battery cable. Connect an ammeter inthecircuit
at the alternator battery terminal.

Reconnect the grounded battery cable. Turn on theradio, windshield wipers,
lights on high beam, and blower motor on high speed.




B AUTOMOBILE TECHNOLOGY

*  Connect a variable resistance across the battery. Operate the engine at
about 2000 rpm. Adjust the resistor to get maximum alternator output. If
the alternator output iswithin 10 amps of the rated output stamped on the
frame, it's OK.

» Iftheoutputislow, locatethetest hole at the end of the aternator. Insert a
screw driver into it (not deeper than 1inch).

*  Operatethe engine at about 2000rpm. Adjust the resistor to get maximum
output. If theoutput isstill low, thedternator isdefective.

e Itmust beremoved for repair or replacement if thetest holeisnot accessible.
ADJUSTMENT OF ALTERNATOR BELT

Procedure

Inspection:

»  Visudlyinspect thebelt for cracks, cuts, deformation, wear and cleanliness.
Check thebelt for tension as specified with 10 kg (thumb pressure).

»  Bdttension specification 10-15 mm as deflection. If the belt istoo tight or
loose, adjust it to the proper tension by adjusting theaternator position.

Replacement:

*  Loosenthealternator adjusting bolt and pivot bolts and movethe aternator
inward.

*  Replacethebdt.

*  Movethedternator outward and adjust the belt to the specified tension.

»  Afterreplacingthebet with new one, adjust itstensionto 8-10mm. ((0.3-04
inch)

*  Tightenthedternator adjustments noted aboveareto be performed with engine
not running.

Assessment Activity

1. Assgnment on constructionand working of aternator
2. Debateon’Alternator is better than Dynamo'

3. Classtest
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TE QUESTIONS

1. - is used with aternator to convert AC to DC (D)

2. Choosethe correct answer (1)
An dternator works on----------- principle.

(Pascal's, Faraday's el ectromagnetic induction, Kirchhoff)
Alternator has some definite advantages over dynamo. List out any three.

(3)
Whiletesting an aternator rotor; the following result was obtained. (4)

a) when ohm meter is connected between slip ring and rotor shaft, avery
low resistance is indicated.

b) When atest lamp is connected across slip rings; it lights up.

Detect the condition of rotor by analysing the above results.
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UNIT 4.3
STARTING SYSTEM

INTRODUCTION

For starting the engine we haveto crank the engine. Starting system isused for
this purpose. The unit illustrates the circuit of this system. It deals with the
construction and working of starting motor and al so describesthetypes of starter
driveand their working. The studentswill be ableto know the construction and
working of solenoid switch and aso will be capable of servicing the starting
system.

LEARNING OUTCOMES

The learner;

e describestherequirementsof a starting system
e drawsand explain the starting circuit

* explainsthe construction and working of starting motor
» classifiesdifferent starting drives

. Bendix drives

. Standard bendix drive

. Follow thru bendix drive

. Compression spring type bendix drive

. Rubber spring type bendix drive

. Overrunning clutch or pre engaged typedrive
. Dyer drive

* explainsthe construction and working of Axial starter motor

* explainsthe construction and working of over running clutch drive
» explainsthe construction and working of solenoid switch

« explainsthefunctionsof eectronic starter control

4.3.1 Starting system

Starting system uses battery power and an electric DC motor to turn engine
crankshaft for engine starting. It changes el ectrical energy to mechanical energy.
It provides gear reduction/torque multiplication (16:1to 20:1). When theignition
key is turned on the current flows through the solenoid coil, this closes the
contacts, connecting battery to the starter motor.
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4.3.2 STARTING CIRCUIT
The starting system includesthe battery, starter motor, solenoid, ignition switch
and in some cases, astarter relay. Aninhibitor (neutral safety) switchisincluded

in the starting system circuit to prevent the vehicle from being started whilein
gear.

Automobile Starter Circuit

Starter
Starter Solenoid Motor
+ 8
Battery
r I-I =
e lgnition Key Switch

A simplified diagram is shown below :

When theignition key isturned to the start position, current flowsand energizes
the starter's solenoid coil. The energized coil becomes an electromagnet which
pullsthe plunger into the coil; the plunger closes aset of contactswhich allow
high current to reach the starter motor. On model swhere the solenoid is mounted
onthestarter, the plunger a so servesto push the starter pinion to mesh with the
teeth onthe flywhesdl.

4.3.3 STARTER MOTOR

Starter motor isused to crank theengine. It works on the principle"like magnetic
polesrepelseach other.” When acurrent carrying coil isplaced inamagneticfield,
itwill produceaforceinthecoil and this causesthe coil to rotate. The motor must
be powerful enough to turn theengineto start. It must be capable of exertingavery
heavy torquewhen starting and at |ow speeds. For this purposethe starter motor is
usually serieswound. Currently, series shunt wound motors are al so used.
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Construction

The construction of the all starting motors are similar. There are, however,

dlight design variations. The main parts of a starting motor are asfollows:

Battery  Contact
terminal disc Winding

Pole shoe j

with field coil

Plunger

Insulated
brush

holder ._

Drive
C 3 pinion

\ Pinion
\ Overrunning stop
clutch
Brushes

Armature

Field coil
ARMATURE ASSEMBLY

Thearmature assembly consists of an armature shaft, armature core, commutator,
and armature windings. The armature shaft supportsthe armature assembly asit
spinsinsidethe starter housing. The armature coreis made of iron and holdsthe
armaturewindingsin place. Thecommutator servesasadiding €l ectrica connection
between the motor windings and the brushes and is mounted on one end of the
armature shaft. The commutator has many segmentsthat areinsulated from each
other. Asthe windings rotate away from the pole shoe (piece), the commutator
segments change the e ectrical connection between the brushesand thewindings.
Thisaction reversesthemagnetic field around thewindings. The constant changing
electrical connection a thewindings kegpsthe motor spinning.

COMMUTATOR END FRAME

The commutator end frame housesthe brushes, the brush springs, and thearmature
shaft bushing. The brushes ride on top of the commutator. They slide on the
commutator to carry battery current to the spinning windings. The springsforce
the brushes to maintain contact with the commutator as it spins, thereby no
power interruptionsoccurs. The armature shaft bushing supportsthe commutator

end of the armature shaft.
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FIELD FRAME

Thefield frameisthe center housing that holdsthe field coils and pole shoes.
The field coil (winding) is a stationary set of windings that creates a strong
magnetic field around the motor armature. When current flows through the
winding, the magnetic field between the pole shoes becomes very large. This
acts against the magnetic field created by the armature, which spins the motor
with extrapower. Field windings vary according to the application of the starter
motor.

DRIVE END FRAME

Thedrive end frameisdesigned to protect the drive pinion from damage and to
support thearmature shaft. Thedriveend frame of the sarter containsabushing to
prevent wear between the armature shaft and drive end frame.

4.3.4 STARTER DRIVES

Starter drives are mainly classified as follows:
1. Bendix Drives
» Standard Bendix drive
» Follow thru bendix drive
» Compression spring type bendix drive
* Rubber spring type bendix drive
2. Overrunning clutch or pre engaged typedrive

3. Dyerdrive
3.3.5 AXIAL (SLIDING ARMATURE) STARTER MOTOR
Themain featuresof thistype
SOLENOID . .
MAN  SwrTCH starter motor are its size and
: | PAWL robust construction. For the
PNION-,  pepmmmmms i e engagement of the pinion to

RETURN the flywheel ring gear, the
3 SPRING
oA e complete armature assembly

Jocg TRAED PRIES slides axially through the

motor casing. A simplified construction of the starter isillustrated.

FLYWHEEL
RING GEAR

Inthefigure, the motor isshown in therest position. The armatureisheld by a
spring so that it is offset to the field poles. When the field is energized, the
armature is pulled to the left and the pinion is slide into engagement with the
ring gear. The main winding as usual is of thick-section and low-resistance
winding, and is connected in series to the armature. The auxiliary winding is
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wound with thinner wire so that it has arelatively high resistance, and is also
connected in series with the armature but in parallel with the main winding.
The holding winding is aso a high-resistance winding but is connected in
parallel with the armature aswell as with the other two windings. A two-stage
solenoid switch, mounted on the starter operatesthe starter, and isenergized by
the driver's switch.

4.3.6 OVERRUNNING CLUTCH DRIVE

Theoverrunning clutch, whichis
employed in thistype of driveis
shown in the figure. It consists
of a shell and a pinion collar
connected in such a way that
when the shell is rotating at a
L. speed greater than that of the
pinion collar, the former will
drive the later. However,
T . whenever the speed of the collar
N, '/ B becomes more than the speed of

/ ARMATURE OVERRUNNING H
neLe CLUTCH the shell, there is no more
connection between thetwo. Such
a connection is provided by the spring loaded rollers, the shell is connected
with the armature shaft through splines, whereas the collar is attached to the

pinion.

SOLEQ\O'D PLUNGER

JTATORISSEE

A starting driveemploying theoverrunning  souces ; PLUNGER
clutchisshowninthefigure. Theshift lever /
is attached to solenoid switch. Whenthe _ .
driver turnsignition switch the shift lever

moves about itspivot, thereby pushing the

switch of starting motor and moving the _— sHELL
overrunning clutch and the pinion assembly _ :
through the spring simultaneously. This causes the pinion to get engaged with
theteeth on the flywheel and al so get the armature shaft and thereby the pinion
rotates, which startsthe engine. However, as soon as the engine gets started, the
flywheel and the pinion rotates at much faster aspeed, causing the overrunning
clutch to disconnect the pinion side from the motor side. Further the motor also
stops as soon as the engine starts. The driver leaves the starting pedal or key

PINICH
COLLAR




Reference Book [

which causes the shift lever to come back to its previous position, leaving the
motor switch open and disengaging the pinion from the flywheel.

4.3.7 SOLENOID SWITCH

SWITCH

E\ ;::;Ef; [ sarrene  Iisdlsocalled magnetic switch.
= As the button is pressed, the

i current flowsfrom the battery to
the winding which produces a
magnetic field, resulting in the
E\ movement of the plunger to close

7 - 19 STARTING the switch connecting the battery

> oisc =~ and the starting motor. The
advantage of the solenoid switch (when compared to themanual) isthat theheavy
current wiring length is reduced (thisreducesthevoltage drop inthe starter circuit)
and thedriver hasto operate only apush button or key switch (at the dashboard)
which carriesanominal amount of current only. Thisdriver'sswitchisonly of light
duty typeanditswiringisalsothinand light. The solenoid switch herehasgot one
winding only. Somesolenoid switcheshavetwowindingsaso, viz. thepull-in winding
and thehald-inwinding. Both thewindingsexert combined forceto pull thearmature
s0 asto makethe contacts of the switch when the pull-inwinding isshort-circuited
and only hold-in winding remainsto hold the contacts cl osed. Theadvantage of this
typeisthat less current is drawn from the battery during the period of hold-in,
further only theleadsfrom the battery to the solenoid termina and from the other
solenoid terminal to the starting motor need only bethick, other wiresincluding the
onegoingto thedriver switch may bethin asexplained above.

4.3.8 ELECTRONIC STARTER CONTROL

Anédectronic starter control consistsof astatic relay onacircuit integrated with the
solenoid switch. Such acontrol, with necessary improvements of thecircuit can
performthefollowingfunctions:

1. Toprevent cranking whentheengineisrunning.

2. Toshut off the starter at the preciseinstant of enginestart. Thiswould reduce
wear and noise.

3. Toredesignthe mechanical partsby modulating the solenoid current. This

would result in softer operation and weight reduction
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DETAILING OF PRACTICALS

STARTING MOTOR

Removing Procedure

»  Disconnect the grounded battery terminal cables.

*  Disconnect thewire connectionsto the starter motor. Note each connection
leads so that they can be reconnected properly.

*  Removetheboltsholding the starting motor to the flywheel housing and take
the starter motor out.

Dismantling

*  Removethedrivehousingand shinlever.

*  Removethesolenoid switch by unscrewing the appropriate nuts.

«  Removethefidd coilsand armature by unscrewing therespective housing nuts.

*  Endframe can also beremoved. From the armature shaft remove the over
running clutchand assst spring.

*  Removetheplunger and return spring.

e Different brush holders, brushes, pole shoes etc. can beremoved.

Assembling

*  Assembling can bedoneinthereverse order of above steps.

Installing

*  Cleantheoverrunning clutch and wipeit out with cotton waste.

* Do not use solvents. It cannot be re-lubricated. Make all the connections
properly.

e Trythestarter motor to make surethat it works satisfactorily and crank the
engineat normal speed.

Assessment Activity

1. Seminar on construction and working of starting motor

2. Assignment on Standard Bendix Driveand Over running Clutch drive
3. Classtest

TE QUESTIONS

1) Thestarting motor getsthedrivefrom --------------- @

2) Inautomobile, the minimum speed to start an engineis-------- rom (1)
(50,100, 200, 1000)

3) Listanysix componentsof astarting motor. 3

4) Giveany twoadvantagesof solenoid switchin starting circuit. 2

5) Identify any onetypeof starting motor driveand explainitsworking.  (6)
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LIGHTING SYSTEMS AND ELECTRICAL

UNIT 4.4

EQUIPMENTS

INTRODUCTION

Automobile uses different types of lightslike head light, park light, stop light,
number plate light, interior light etc. These lights have to blow as and when
required. Separate circuits are necessary for this purpose. The unit illustrates
various lighting circuits and their working. Students can identify various head
lamps, lighting switchesand warning lights. It also describesthecircuit diagram
of directional indicator and horn. Then unit also deal swith the construction and
working of electric horn, wind shield wiper and function of speedometer,

odometer, Centre lock and power windows.
LEARNING OUTCOMES

Thelearner :

» identifies electrical symbolsand wire colour codes

» drawsandexplainlighting circuit

Head lamp circuit

Tail lamp circuit

Stop light circuit

Parking light circuit

Number platelight circuit
Instrument panel light circuit
Interior light circuit

» classifies head lamps

Incandescent lamp

Halogen lamps

High intensity dischargelamp(HID)
LED lamps

» locatesand explain thefunction of lighting switches

Light switch
Dimmer switch
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. Stop light switch
* explainsthefunctionsof different instrument panel indicating lights

. Main beam warning light

. Ignition warning light

. Flashing indicator warning light
. Oil pressure warning light

. Chargeindicator light
e drawsand explain direction indicator circuit

» drawsthehorn circuit and explain the construction and working of electric
horn and horn relay

e explain sthe construction and working of wind shield wiper
* explainsthefunction of speedometer
e explainsthefunction of central lock
» explainsthe function of power window
* explainstheworking of air bag
» explainsthefunction and working of seat belts

. Pretensioner

. Load limiter

UNIT IN DETAIL

4.4.1 ELECTRICAL SYMBOLS

Battery -

4

HI 11T

Fusible link 4:
Fuse e

Horn

Light —@— @

Diode o
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Solenoid

Motor

Resistor

WIRE COLOUR CODES

* The following color codes are used to indicate

the Colour of wires used.

=

@

g

Switch

Sensor
(Thermistor)

Colour code Colour

L Blue

B Black

Y Yellow

G Green

R Red

w White

Br Brown

Lg Light green
Gr Gray

P Pink

Or QOrange
Lb Light Blue
v Violet
SA Sealed (Inner)
SB Sealed (Outer)

A

4l

£

The electrical wire used in
automobile consists of
number of strands of copper
or aluminium. A single
conductor is never used
because that would
comparatively be less
flexible and would easily
undergo fatigue with
continuous bending. Wires
are commonly specified by
the number and size of the
strands. For eg: 7/36 means
seven strands of 36 gauge.
For quick identification,

insulations of various wiresin acircuit are assigned different colors. Various
colour codes arein use for vehicle wiring. The table shows the colour code of

some vehicles.

Assessment Activity

Teacher showsthe chart of electrical symbolsto the studentsindividually. Asks

themto identify the symbol and their function.

4.4.2 LIGHTING CIRCUIT

The purpose of the lighting system isto provide illumination for the driver to
operate the vehiclesafely at night, to convey information to the other driver and
people on the road about the vehicle's presence, position, size, direction of
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travel, illuminating instruments on the dash board etc. The automobilelighting
system consists of the following circuits:

1. Head lamp circuit 2. Tail lamp circuit
3. Stoplight circuit 4. Parking light circuit
5. Number platelight circuit 6. Instrument panel light circuit
7. Interior light circuit -
HEAD LAMP '
I 1l
v
DIPPER LIGHT:
S
INDICATOR FOR DIMMER SWITCH
MAIN BEAM {,,ﬁ@_a
AUTOMATIC -
DOOR SWITCH
INTERIOR
LIGHT PILLAR
SWITCH
{EneraTol Hanren = i 7
INSTRUMENTS INSTRUMENT LIGHTS
& ACCESSORIE! FUSE
o [ swirex INSTRUMENT
[ONFTION LIGHT SWITCH
AMMETER
[BATTERY | sTop LigHm,
- SWITCH
®
i
PARKING LIGHT L PARKING LIGHT
TAIL TAIL :
= LIGHT LIGHT =
STOP LIGHT @ STOP LIGHT

“'l
il
il
al

LIG
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Assessment Activity

Seminar ondifferent lighting circuits.
4.4.3 HEAD LAMP

A head lamp isalamp attached to the front of avehicleto light the road ahead
with areasonabl e distance with sufficient intensity. For this purpose areflector
isused. Thefollowing are the important types of head lamps.

1. Incandescent lamp

2. Haogenlamp

3. Highintensity discharge (HID) lamp
4. LED lamp

4.4.4 LIGHTING SWITCHES

Switches used in lighting circuit of an automobile are of different types
depending upon their requirements. Theimportant switchesare

a)

b)

Light switch: - Thismay be of push-pull type and ismounted on the board.
It has three positions (i) off position, (ii) side lamps, tail lamps, number
platelight and instrument lamps (iii) head lights. Thisswitchisaso mounted
on astick on the steering column.

Dimmer switch: - Thisswitch ismounted on the stick on the steering column.
By moving thelever up and down, we can select the dim and bright position
of the head lamp.

Stop light switch: - Thisis attached to the master cylinder in the brake
system. When the brake pedal is applied, the fluid pressure developed in
the compression chamber iscommuni cated to ametallic digphragm which
deflects to close the two terminalsfor the stop light switch.

4.4.5 INSTRUMENT PANEL INDICATING LIGHTS

Theselights are used to indicate the driver about the position and situations of
different systems.

a)

b)

Main beam warning light :-This light glows when the main beam of the
head lightsareon. Thisremindsthedriver to dip thelightsfor the oncoming
vehicles.

Ignition warning light :- Thered light lightsup when theignition switchis
on. It goes off when the engine speed increases. This lamp serves as a
warning against leaving the ignition switched on when the engine is not




B AUTOMOBILE TECHNOLOGY

running.

c) Flashing indicator warning light:- This bulb lights up when the flashing
direction indicator is operative.

d) Oil pressure warning light:- This bulb lights up when the oil pressurein
the lubricating system falls below the desired level.

e) Chargeindicator light:- When the generator isnot charging the battery, the

light glows.
4.4.6 DIRECTION INDICATOR CIRCUIT
FRONT LEFT LIGHT FRONT RIGHT LIGHT
LEFT RIGHT One light on each side is fitted

PILOT LAMP PILOT LAMP
0 o

both at the front as well as on the rear
side of the vehicle. The wiring diagram
for the sameisshown inthefigure.

[ |

FLASHING
INDICATOR SWITCH

BATTERY

o The current is taken from the battery
FRRAER through a fuse and a flasher unit. The
flashing indicator switchisusualyinthe
form of a horizontal lever mounted on
the steering column so that when its
outboard end is actuated upward, the
light sideindicator lights are operated
and the downwards movement of
REAR LEFT LIGHT rear mien Lekt the switch arm operates the right
sideindicator lights.

Flasher unit consists of athermostatic bimetallic blade. The blade expands due
to flowing of the current through it, warms and opens a pair of contacts, thus
opening the circuit. But as the current stop flowing, the blade cools and
straightensto close the circuit again. In thisway the lights are made to flash.

4.4.7 HORN CIRCUIT

The horn employed on present-day
automobiles is electrically operated. . wogwn
The construction of suchahornisshown

in figure. It consist of a diaphragm and

an armature inside a field cail. In the

HORN REL &Y

Yo

HORN
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which is the position when the horn
switchisintheoff position. Whenthe
s driver pushes the horn switch, the
ARMATURE f—— ST | e CiTCUItiscompleted and thefield coil

FIELD COIL

_armature and along with it the
diaphragm, to move down.

But the moment the armature moves
down, the contacts separate opening
the electrical circuit. The field cail
isthen de-energised and the armature again moves up on account of theforce of
amechanical spring (not shown) which keeps it into the uppermost position.
Thisupward movement of the armature causesthe contactsto closeagain, thereby
pulling the armature and the diaphragm down. In thisway, the diaphragm starts
vibrating up and down causing the vibrations of the air column below it. These
vibrationsof theair column subsequently produce the horn sound, which depends
upon the frequency of diaphragm vibration. A relay is usually inserted in the
horn circuit. It protects the contacts at the horn button and provides a more
direct connection between the horn and the battery. The reason for thisbecomes
clear when we consider that the current required for the horn operation is quite
large. Thereforethe least |length of the current carrying cableis necessary. With
the relay in the circuit, the heavy load required is only from the battery to the
relay and then to the horns, which may be placed near one another thusrequiring
shorter leads only. Therelay itself can be operated with alight current only and
therefore the cable from the relay to the horn push button may be of asmaller
Cross-section.

4.4.8 WIND SCREEN WIPER

These are employed to keep the wind screen clean during rain, snow etc., to
ensure good visibility. Wind screen F

wipersare operated by meansof asmal -
motor. Thefigure showsthelayout of a
wind screen wiper. The motor drives k3 Jnm——
the worm A which rotate the wheel B,
link D connects the wheel with theA
toothed sector E. As wheel B rotates,
the sector E reciprocates about fulcrum

“AIR COLUMN

ARMATURE SHAFT

MOTOR
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G Thismotionisthenimparted to asimilar sector F on the spindleon whichis
mounted the wiper arm. Wiper bladeis attached to the wiper arm by meansof a
spring lock. A rubber wiping element isheld in place in the wiper blade. Wiper
arms pivot against the windscreen under spring pressure to ensure adequate
wiper blade pressure against the glass.

4.4.9 SPEEDOMETER AND ODOMETER

Thisis acompulsory accessory on automobiles. Infact, the instrument called
speedometer consists of two separate accessories, viz. the speedometer and the
odometer. Speedometer indicatesthe vehicle speed at aparticular instant, whereas
the odometer givesthetotal distance covered by the vehicle upon the moment of
taking thereading. Both these accessorieswork on different principles, but because
they aremountedin the singlecasing, thewholeunitiscommonly called speedometer.

4.4.10 CENTRAL LOCKING

Withthisfacility all thedoorsand luggage compartment can belocked or unlocked
simply by operating onekey. A two position e ectric solenoid actuator isinstaled in
each doorsto electrically operate thedoor - lock or unlock with one switch or key.
In caseof electriclocking system, themanual locking can a so be operated.

4.4.11 POWER WINDOW

Thereisan eectric motor and aswitch at every window beside amaster switch at
the dash board which can control al motors simultaneously. The electric motor
drivesthewindowsregular mechanism forward or reveres, thusopening or closing
thesame.

4.4.12 AIR BAG

Anairbagisavehicle safety device. It isatype of occupant restraint system that
consigtsof aflexiblefabric bag, a soknown asanairbag cushion. Thearbag module
isdesigned toinflaterapidly then quickly deflate during acollision or impact with
another object. The purpose of the airbag isto provide occupant protection and
restraint during acrash event.

When an accident occurs, airbags inflate faster than you can blink your eye.
Airbags are key components in automotive safety systems, and, athough we
cannot seethem perform under normal conditionswith the naked eye, they soften
the impact of collisions by keeping passengers from contacting the steering
wheel, dashboard, front glass, and other parts of the automobile. So, to explain
what airbags actually do when an accident occurs, let's use an example of a

typical head-on collision.
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1. 0.003second-Sensors detect the impact

wes 0.003.
l - As the satellite sensors (collision sensors)
o g attached to the vehicle detects the collision,
F% a signal is sent to the ECU (Electronic
b - Control Unit).

2. T+ 0.015second-Evaluation of the impact

Thesignal sent from the satellite sensorsto e 0.015 «
the ECU is processed, and the ECU |,
determinesthe severity of theimpact based |
oninputted data. If the ECU determinesthat £
an airbag deployment is necessary, it sends t { -
asignal to initiate the airbag inflators (gas # & @
emitting devices).

3. T+ 0.020second-The airbags go into action

The inflators are activated through an
igniter, causing a chemical reaction that
emitsgas, resulting in the deployment of the
airbag cushion.

4. T+ 0.040second-Inflation of the airbags is completed

Theforceof the collision reachesthe passengers, and they beginto moveforward.
By thistimetheairbagsarefully inflated and they areready to receive and restrict
the movement of the passengers. The inflation of the driver side airbag takes
between 20 - 30 milliseconds. For the passenger side airbag, it takes between
30-40 milliseconds.

4.4.13 SEAT BELT
How exactly do seat belt systemswork when accidents occur? We would like

to give an example of how seat belts equipped with a pre-tensioner and load
limiter work. When accidents occur, severa systems incorporated in the seat
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belt assembly go into operation simultaneously. In lesstimethan it takesfor a
human being to blink an eye, the seat belt system goesinto action to control the
energy load the occupant endures onimpact. By retracting somewebbing asthe
collision is occurring, the pre-tensioner enhances the protective functions of
the belt by removing some slack and helping restrain the passenger. The load
limiter absorbs and softens the load on the occupant as the passenger moves
forward because of inertia. In the latest designed motorized seat belts, thereare
also functionsto warn the driver, asthe seat belt motor gives atug on the belt,
that thereisan immediate dangerous situation coming up. (apre-impact warning)

How seat belt with pre-tensioner and load limiter works

In severecrashes, when acar
_ \ﬁ, collides with an obstacle at
—+ J extremely high speed, a
t| seatbelt can inflict serious
damage. As a passenger's
inertial speed increases, it
takes a greater force to bring the passenger to a stop. In other words, the faster
you're going on impact, the harder the seatbelt will push on you.

Double pretensioner Load-limiter

Some seatbelt systems use load limiters to minimize belt-inflicted injury. The
basic ideaof aload limiter isto release alittle more excess belt webbing when
agreat deal of forceis applied to the belt. The ssmplest load limiter isafold
sewn into the belt webbing. The stitches holding thefold in place are designed
to break when acertain amount of forceisapplied to the belt. When the stitches
come apart, the webbing unfolds, allowing the belt to extend alittle bit more.

Pre-tensioners tighten the seatbelt by a prescribed amount in a severe crash,
they hold the occupant in place by removing the seatbelt slack and preventing
forward motion, pre-pre-tensioners are installed in either the buckle or reel
side of the seatbelt and they are operated electrically along with airbags.

DETAILING OF PRACTICALS

Head light aiming

There arethree general methods of aiming headlights:

* Inthefirst type the vehicle is arranged to stand on level ground at about
8m from a vertical white screen on which the head light pattern can be
studied.

*  Thetyres of the vehicle should be inflated properly as per specification

and vehicle should carry the correct load.
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Each upper beam is adjusted separately after throwing it separately on the
white screen.

Theheadlightsare provided with vertical and horizontal adjusting screwswith
the help of which theaiming can be adjusted.

Onehead light iscovered whilethe other being adjusted.

The second type does not require much space. Inthiscase aseries of prisms
and reflectorsare used which throw an accurate miniature pattern of theheadlight
beam on aminiature screen only about 30 cm from the headlight.

The screws or nuts of the mounting brackets must be turned or loosenedin
order to allow the swinging of thelight up or down, or from onesidetothe
other.

For the vehicleswith separate sets of head lightsfor thelow and high beams,
separate adjustment should be madefor each headlight.

Thethird type makes use of an optical headlight beam setter.

Thisisapreciseadjustment devicewith the help of whichtheaignment can be
made easily. Moreover it does not require much spacefor carrying out the
dignment.

Assessment Activity

1.
2.

3.

Assignment ondirectiona indicator circuit and horncircuit.

Vivavoceabout different typesof lighting switches, insgrument indicatinglights,
function of speedometer and odometer.

Classtest

T E questions

1.
2.
3.

In automobile wiring circuit, what istherole of arelay switch?  (2)
Draw the wiring diagram of a)head lamp)Direction indicator. (4

After starting the engine Mr. Sunil noticed that the oil pressure indicator
light was blinking continuously. What are the possible reasons for this
blinking? Giveyour opinion. (3
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UNIT 4.5 IGNITION SYSTEM
INTRODUCTION

Ignition system isthe most important electrical system used in petrol vehicles.
The system serves to give electric spark for igniting the compressed air fuel
mixture in the cylinder. The unit describes the types of ignition systems, their
circuits, the functions of the components, concept of ignition advance etc. in
detail. The concepts of basic electronicslike semiconductors, diodes, transistor,
thyristor etc. are also included. The advanced electronic ignition system, their
types and working are elaborated in depth. After completion of this unit the
student will be ableto diagnosethe various problems, their causes and remedies,
mai ntenance and service of ignition systems.

LEARNING OUTCOMES
The learner:
» explainsthe purposeof ignition system
» classifiesdifferent typesof ignition system
. Battery coil ignition system
. Magneto coil ignition system
. Electronicignition system
» drawsand explain the working of battery coil ignition system
» drawsand explain the working of magneto ignition system
» liststhe components of ignition system and mention their functions

. Battery

. Ignition cail

. Contact breaker
. Condenser

. Distributor

. Spark plug

. Magneto

* explainsthe construction and working of ignition coil
» explainsthe construction and working of spark plug
*  explainsthefunction and working of distributor
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»  describes the concept and function of centrifugal and vacuum advance
system
»  comparesbattery coil ignition system and magneto coil ignition system
» explains the concept and function of semiconductors, diodes, transistor,
thyristor
» classifieseectronicignition system
. Contactlessdistributor type
. Distributor less type
. Capacitor Dischargelgnition (CDI) system
. Coil onplug
o draws the circuit diagram and explain the working of basic distributor
typeignition
» draws the circuit diagram and explain the working of distributor less
ignition system
» explainstheworking of CDI and coil on plug ignition system
* explains the working of different timers used in basic distributor type
ignition
. Pulse generator
. Hall effect switch
. Optical switch

UNIT IN DETAIL
4.5.1 FUNCTION

Thefunction of theignition system isto produce a spark in the engine cylinder
towards the end of the compression stroke as per the firing order and with
correct intensity to burntheair fuel mixturein aspark ignition engine.

4.5.2 TYPES OF IGNITION SYSTEMS
1. Battery coil ignition system

2.  Magnetoignition system

3. Electronicignition system
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» Contactlessdistributor type

» Distributor less type

» Capacitor discharger type
4.5.3 BATTERY COIL IGNITION SYSTEM
Thefigure showslinediagram of battery ignition system for a4-cylinder petrol
engine. It mainly consists of a6 or 12 volt battery, ammeter, ignition switch,
ignition coil, contact breaker, capacitor, distributor rotor, distributor contact
points, spark plugs etc.

P SPARIIMNG PLIICE,

e T
r——
Sy KATION St )lh
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WEONG CONTACTS  CAM
+ o -
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P =
CONDENSER
-y w w

Note that the figure shows the ignition system for a 4-cylinder petrol engine-
there are 4-spark plugs and contact breaker cam has 4-corners. (If it isfor 6-
cylinder engine it will have 6-spark plugs and contact breaker cam will be a
perfect hexagon).

Theignition systemisdivided into two circuits:

(i) Primary Circuit : It consistsof 6 or 12V battery, ammeter, ignition switch,
primary winding it has 200-300 turnsof 20 SWG (SharpsWire Gauge) gauge
wire, contact breaker, capacitor.

(i) Secondary Circuit: It consstsof secondary winding. Secondary Ignition System
winding consistsof about 21000 turnsof 40 (SWG) gaugewire; then bottom
end of which is connected to the bottom end of the primary and top end of
the secondary winding is connected to the centre of distributor rotor.
Distributor rotors rotate and make contacts with contact points and are
connected to spark plugswhich arefitted in cylinder heads (engine earth).

Working: Whentheignition switchisclosed and engineiscranked, assoon as
the contact breaker closes, alow voltage current will flow through the primary
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winding. It isalso to be noted that the contact beaker cam opens and closesthe
circuit 4-times (for 4 cylinders) in one revolution. When the contact breaker
opens the contact, the magnetic field begins to collapse. Because of this
collapsing magnetic field, current will be induced in the secondary winding.
And because of more turns @ 21000 turns of secondary, voltage goes unto
28000-30000 volts. This high voltage current is brought to the centre of the
distributor rotor. Distributor rotor rotates and suppliesthishigh voltage current
to their proper spark plug depending upon the engine firing order. When the
high voltage current jJumpsto the spark plug gap, it produces the spark and the
chargeisignited; combustion starts; products of combustion expand and produce
power.

The function of the capacitor isto reduce arching at the contact breaker (CB)
points. Also when the CB opens the magnetic field in the primary winding
beginsto coll apse. When the magnetic field collapses, capacitor getsfull charge
and then it startsdischarging and hel psin building up of voltagein the secondary
winding. The contact breaker cam and distributor rotor are mounted on the
same shaft. In 2-stroke cycle engines these are motored at the same engine
speed. And in 4-stroke cycle enginesthey are motored at half the engine speed.
4.5.4 MAGNETO IGNITION SYSTEM

It isaspecial type of ignition system with its own electric generator to provide
therequired necessary energy for the vehicle (automobile) system. Itismounted
on theengineand replacesall componentsof the coil ignition system except the
spark plug. A magneto when rotated by the engine is capable of producing a
very high voltage and doesn't need a battery as source of external energy.

A schematic diagram of ahigh tension magneto ignition systemisshowninthe
figure. The high tension magneto

ignition system incorporates the S iy

windings to generate the primary

voltage as well as to set up the
voltage and thus does not require
abattery to operate the spark plug.
Magneto ignition system can be
either rotating armature type or
rotating magneto type.

1. Inthefirsttype, thearmature

Primary winding
= = = = Sacondary wnding

consisting of the primary and
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secondary windings rotate between the poles of astationary magnet.
2. Inthe second type, the magnet revol ves and windings are kept stationary.
3. Athirdtypeof magneto called the polar inductor typeisalsoin use. Inthe
polar inductor type magneto both the magnet and the windings remain
stationary but the voltage is generated by reversing the flux field with the
help of soft iron polar projections, called inductors.
Theworking principleof the magneto ignition system issame asthat of the coil
ignition system. Withthehelp of acam, the primary circuit flux ischanged and ahigh
voltageisproduced in the secondary circuit.

4.5.5 COMPONENTS OF IGNITION SYSTEM
The main components of ignition system are
1. Battery
Ignition cail
Contact breaker
Condenser
Distributor
Spark plug
7. Magneto
4.5.6 IGNITION COIL

o ok~ 0 DN

The ignition coil is simply a
transformer. It serves to convert the

bl relatively low battery voltageinto high
Terminal  voltage. In this, the secondary is first

I wound over the core and then the
primary over this. Theinner end of the

secondary winding isconnected to the
H.T terminal, while the other end of
the secondary is connected to the
primary winding. Theendsof primary

o winding are connected to the L.T
terminals of the coil, one of which is
connected further to the contact breaker

Output
Terminal

Prima
Tennlrgl \

}

—Seconda
Coil i

and other to theignition switch.
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The core assembly is put in asteel casing. This casing is fitted with a cap of
moulded insulating materials.

4.5.7 SPARK PLUGS

A spark plug is composed of a shell, insulator and the central conductor. It
passesthrough thewall of the combustion chamber and therefore must also seal
the combustion chamber against high pressures and temperatures without
deteriorating over long periods of time and extended use.

Spark is produced across the spark plug in an ignition system. The spark plug
hastwo electrodes with agap in between. The central electrodeis connected to
the high tension wire coming fromthe distributor. The ground electrodeis earthed
to the engine metal body. A high tension current at 20,000 V is required to
overcome the gap between the el ectrodes. Thus, spark isproduced at the correct
moment inside the cylinder and is used to ignite the mixture of petrol and air
inside the cylinder.

CONSTRUCTION

Ground Electrode Ll Terminal Nut '
Gashet Hexagon “ e tarminal

Thread

Centre Electrode

A - '-F
|, T s, |
Electrods M % IRELR E
Gap '-d‘ﬂ
Y %‘L _
twith copper core)

Insulator Top Insulator

Insulator Nose copper-core |
center alactrode |

Insulalor tip

Theabovefiguresshow clearly the construction

of aspark plug. The plug has three main parts, . passim
the centre electrode, the ground electrode and ~ *) et g~ e
the insulator separating them. Besides these, i

there are the body shell, the sealing ring and the gasket washer. The upper end
of the centre electrode is connected to the spark plug terminal, where H.T.
cablefromtheignition coil in case of single cylinder engines(or from distributor
in case of multi-cylinder engines) is connected. The lower end of the centre
electrode projects beyond theinsulator to form agap with the ground el ectrode.
Theinsulator ismeant to fulfill thefollowing functions;

copper-core
greund alectrode

(i) Toinsulate the centre electrode from body shell, thereby preventing the

leakage of high voltage surge from leaking to earth within the shell.
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(i) To control the working temperature of the centre electrode by suitably
adopting thethermal, conductivity of theinsul ating material, its shape and
the length of the heat path, while designing the spark plug for a given
engine.

The body shell servesto house the electrodes and the insulator. Gas-tight seal
IS necessary to prevent the hot gas from leaking between the insulator and the
body shell and between the insulator and the central electrode. Such seals may
be of different types, e.g. solid ring, dry powder metal powder fused into glass
etc. Besides above the hot gas from the combustion chamber may also leak
between the plug and the cylinder head. To seal this, aflat ring gasket washer is
commonly used.
In some modern spark plugs, the centre electrode is made in two pieces. By
doing so the designer can use different metals to suit best the different
requirements of the upper piece which has to be connected to the high
tension cable and thelower piece which hasto go into the combustion chamber.
The spark plugs may be long reach or short reach type depending upon the
length of threaded portion and should be used only in the corresponding holein
the combustion chamber as described earlier
From the heat dissipation point of view, the spark plugs are again divided into
two classes, viz. 'hot’ or hard and cold or soft. Hot plug runs hotter than the cold
plug because the path of heat dissipation of the cooling water in the jacketsis
longer inthe hot plug thanin the cold plug. Some cold plugs have acopper core
in the centre electrode to help carry heat from the tip of the electrode. Cold
plugs are generally used in heavy duty, high speed engines where high
temperatures are encountered.

4.5.8 DISTRIBUTOR

W The distributor is rotated by the distributor
shaft, which in turnisdriven by the camshaft
of theengine. Thedistributor hasarotor which
rotates at half the speed of the engine
crankshaft. Thedistributor itself rotates at the
same speed as the camshaft.

The four distributor points lead to the
corresponding spark plugs. When therotating
arm comesin contact with these pointsahigh tension current passesthrough the
rotor to the corresponding spark plug, causing a spark at the spark plug. The
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connections between the distributor points and the spark plugs are arranged in
aparticular order. Thisorder isthe same asthe firing order of the engine.

4.5.9 IGNITION ADVANCE

Ignition timing is very important, asthe chargeisto beignited just before (few
degrees before TDC) the end of compression. When the chargeisignited, it will
take sometimeto cometo therequired rate of burning.

The purpose of spark advance mechanismisto assurethat under every condition of
engineoperation, ignitiontakesplacea themost favourableingtant intimei.e. most
favorablefrom astandpoint of engine power, fuel economy and minimum exhaust
dilution. By meansof these mechanismstheadvanceangleisaccurately set so that
ignition occurs before TDC point of the piston. The engine speed and theengine
load arethe control quantitiesrequired for the automatic adjustment of theignition
timing. Most of the engines arefitted with mechanismswhich areintegral with
thedistributor and automatically regul ate the optimum spark advance to account
for change of speed and load. The two mechanisms used are :

(a) Centrifugal advance mechanism:- it advances spark according to the
engine speed.

(b) Vacuum advance mechanism:- it advances spark according to theengine
load.

4.5.10 COMPARISON BETWEEN BATTERY AND MAGNETO
IGNITION SYSTEMS

Battery Ignition Magneto Ignition

Battery is a must. No battery needed.

Battery suppliescurrentintheprimary ~ Magneto produces the required current

circuit for primary circuit.

A good spark isavailable at low speed.  During starting the quality of spark ispoor
due to slow speed.

Occupies more space. Very much compact.

Recharging is amust in case the No such arrangement required.

battery gets discharged.

Mostly employed in car and busfor Used on motorcycles, scooters, etc.

which it isrequired to crank the engine.

Battery maintenanceis required. No battery maintenance problems.
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4.5.11 BASIC ELECTRONICS
SEMICONDUCTOR

There are some substances which are not good conductors. They are not good
insulators too. Such substances are called semiconductors. In other words, a
semiconductor ishalfway between aconductor and anon-conductor. Transistors
used in automobile aternator regul ator and ignition circuits, are prepared using
semiconductors.

One example of a semiconductor material is germanium. Silicon aso is a
semiconductor material. Semi-conductors are of two types; N- type
semiconductor and P-type semiconductor.

DIODE

Aniiids Cathode Di0de is adevice which permits electric
(+) Dl (=) currenttoflow through only onedirection,

and it will not allow the current to flow in
E‘) the other direction. Diodes are useful to
c— ]— rectify AC to DC. Alternators in

automobiles use the diodes for the
rectification of an AC supply.

TRANSISTOR

A transistor consists of three alternate sections
of N-type and P-type materials. There are two ®
NP- junctions. It may beaNPN transistor or @ Getes
PNPtransistor. Thisisshowninthefiguregiven

aongside. ThePNPtransistor ispredominantly PNP (Collector PN , Collector
used in the central section is called the base Basg@ Base
Emitter

which controlsthecurrent through the transistor.
The section at oneend is called the emitter and
the section at the other end is called the
collector. Thisdepends upon their functioning.

THYRISTORS

Thyristor is usually a semiconductor having
three or more junctions. Such adevice operates
as aswitch without any bias. Further it can be
constructed to have voltage ratings of severd
hundred volts. It can also be made to have

Emitter
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current ratingsfrom afew amperesto very nearly thousand amperes. Thefamily
of thyristors consistsof PNPN diode (Shockley Diode), SCR, LASCR, TRIAC,
DIAC, UJT etc.

4.5.12 TYPES OF ELECTRONIC IGNITION STSTEM
1. Contactlessdistributer type

2. Distributer lesstype

3. Capacitive Discharge Ignition (CDI)

4. Cail on plugtype

4.5.13 CONTACTLESS DISTRIBUTER TYPE IGNITION
SYSTEM

The workings of the basic
distributor typeelectronic systemis
smilar to the conventional eectrical
ignition system, except that in the
1 eectronic ignition system a timer
. isemployedinthedistributor instead
S, E{% U__1_. of contact breaker. This timer may
be apulsegenerator or aHall-effect
switch or an optical switch whichtriggerstheignition moduleand iscalled the
Electronic Ignition Control Unit (E.C.U.). Thiscontrol unit primarily contains
transistor circuit whose base current istriggered off and on by the timer which
results in the stopping and starting of the primary current. Other than this, the
electronic ignition system works similar to the conventiona electrical point
type system.
4.5.14 DISTRIBUTORLESS IGNITION SYSTEM

Inthissystem, the spark plugsarefired directly from the coils. The spark timing
is controlled by an Ignition Control Unit (ICU) and the Engine Control Unit
(ECU). The distributor lessignition system may have one cail per cylinder, or
one coil for each pair of cylinders.

DISTRIBUTOR

IGHITION
SWITCH

Some popular systems use one ignition coil per two cylinders. This type of
system is often known as the waste spark distribution method. In this system,
each cylinder is paired with the cylinder oppositeit in thefiring order (usually
1-4, 2-3 on 4-cylinder engines or 1-4, 2-5, 3-6 on V6 engines). The ends of
each coil secondary leads are attached to spark plugsfor the paired opposites.
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These two plugs are on companion cylinders, cylinders that are at Top Dead
Center (TDC) at the sametime. But, they are paired opposites, becausethey are
always at opposing ends of the 4 stroke engine cycle. When oneisat TDC of
the compression stroke, the other isat TDC of the exhaust stroke. The one that
iIson compression issaid to bethe event cylinder and one on the exhaust stroke,
the waste cylinder. When

Ignition management distributorless Wasted spark' o
¢ ¢ i the coil discharges, both

[cam [] A b plugsfireat thesametime
s || to complete the series

% circuit.

Since the polarity of the
y
— \Plup/ primary and the

— Toothad sheel {uies with c:ark) [ ] L.
secondary windings are
il iins Samewtw fixed, one plug always
fires in a forward
direction and the other in
reverse. Thisisdifferent than aconventional systemfiring all plugsinthe same
direction eachtime. Asadditional energy isdemanded; the coil design, saturation
time and primary current flow are also different. This redesign of the system
allows higher energy to be available from the distributor less cails, greater
than 40 kilovoltsat all rpm ranges.
The Direct Ignition System (DIS) uses either a magnetic crankshaft sensor,
camshaft position sensor, or both, to determine crankshaft position and engine
speed. Thissignd issent to theignition control modul e or engine control module
which then energizes the appropriate coil .
The advantages of distributor lessignition are:
* Notiming adjustments.
* Nodistributor cap and rotor.
* Nomoving partsto wear out.
* Nodistributor to accumul ate moisture and cause starting problems.
* Nodistributor to drive thus providing less engine drag.
The major components of adistributor lessignition are:
ECU or Engine Control Unit, ICU or Ignition Control Unit, Magnetic Triggering
Device such asthe Crankshaft Position Sensor and the Camshaft Position Sensor
Coil Pack
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4.5.15.1 CAPACITOR DISCHARGE IGNITION (CDI)

Pulse This system is mainly used
Sensor | hecoil in two wheelers, three

Spark
P
(moto%% C DI

lug Wheelers and racing cars.
The main advantage of this
system is the availability

Exciter it high seconQary voltage at
s Kill Switch starting. This system stores
(U I high voltagedlectrical energy
+{motor) + = inacapacitor until thetrigger

Ground releases the charge to the

primary winding of acoil. Thecoil inthiscaseisapul setransformer instead of
normal energy-storage device. To provide a voltage of about 400 V to the
capacitor, the battery current isinverted toAC and then voltageisraised through
atransformer. When the spark isrequired, thetrigger rel easesthe energy to the
coil primary winding by 'firing' athyristor, which isatype of transistor switch.
Once the thyristor istriggered, it continues to pass current through the switch
even after the trigger current has ceased. Due to sudden discharge of the high
voltage energy to the primary winding, arapid rise in the magnetic flux of the
coil takes place, which induces a voltage in excess of 40 KV in the secondary
circuit to produce ahigh intensity short duration spark.

4.5.15.2 COIL ON PLUG

Distributorless Ignition Systems (DIS) have been around for more than two
decades, but in recent years the trend has been to multi-coil systems such as
Coil-On-Plug (COP) or Coil-Per-Cylinder (CPC) ignition systems, and Coil-
Near-Plug (CNP) ignition systems.

Grand Cherokee WJ
Ignition coil - 4.7L

O-ring

Electrical ___._’-

connector

Mounting —_—

bracket
Rubber seal

W.JJeeps.com
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Coail On Plug systems have become the hot setup for a number of packaging,
performance, emissions and maintenance reasons. Placing individual ignition
coils directly over each spark plug eliminates the need for long, bulky (and
expensive) high voltage spark plug cables. This reduces radio frequency
interference, eliminates potential misfire problems caused by burned, chaffed
or loose cables, and reduces resistance along the path between the coil and
plug. Consequently, each coil can be smaller, lighter and uselessenergy tofire
its spark plug.

From a performance standpoint, having a separate coil for each cylinder gives
each coil more time to recharge between cylinder firings. With single coil
distributor systems, the coil must fire twice every revolution of the crankshaft
inafour cylinder engine, and four timesinaV 8. With amulti-coil system, each
coil only hasto fire once every other revolution of the crankshaft. Thisprovides
more saturation time for a hotter spark, especially at higher rpm when firing
timesaregreatly reduced. Theresult isfewer misfires, cleaner combustion and
better fuel economy.

According to the origina equipment supplies who make multi-coil ignition
systems, having a separate coil for each cylinder also improves the engine's
ability to handle more exhaust gas recirculation to reduce oxides of nitrogen
emissions (important with today's low emission vehicle standards). A hotter
spark also makes spark plugs more resistant to fouling and hel ps 100,000 mile
plugs go the distance. A multi-coil ignition system also improvesidle stability
and idle emissions too.

In most of the older DISignition systems, an electronic module was part of the
coil pack assembly and controlled the switching of the coils on and off. On
most of the newer systems, the switching function ishandled by the power train
control module, though there may some additional electronicsand diodesbuilt
into the top of each coil. The PCM receives a basic timing signa from the
crankshaft position sensor and sometimes acamshaft position sensor to determine
engine speed, firing order and timing. It then looks at inputs from the throttle
position sensor, airflow sensor, coolant sensor, MAP sensor and even the
transmission to determine how much timing advanceto give each plug. Most of
today's multi-coil ignition systems are capable of making timing adjustments
between cylinder firingswhich makesthese systems very responsive and quick
to adapt to changing engineloads and driving conditions.
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4.5.16 IGNITION TIMERS

Pulse generator

PERMANET
MAGNET ——pm

A pulse generator is used to generate an
alternating voltage which is used, instead
of contact breaker points, to control the
make and break of the current build-upin
the primary winding of theignition coil.

DISTRIBUTO.
SHAFT R

RELUCTOR

A magnetic (inductive) pul se generator consists of three main components, viz.
a permanent magnet, atimer coil and areluctor. Out of these the first two are
stationary, while the reluctor (also called timer core or armature) which isin
theform of atoothed wheel, ismounted on the distributor shaft. It hasthe same
number of teeth asthe number of engine cylinders. Asthereluctor wheel rotates
itsteeth comevery closeto the pol e plates of the permanent magnet asshownin
thefigure. Thisreducesthe reluctance of theair gap between the reluctor tooth
and the timer coil and the other reluctor tooth and the magnet. Thisresultsina
strong magnetic field around the timer coil permitting the control current to
flow across the emitter-base circuit through the timer coil to the electronic
control unit where the primary current in the emitter-collector circuit flows.
This allows the ignition coil to build up a strong magnetic field. However,
when thereluctor tooth passes away from thetimer coil, thewideair gap offers
high reluctance and results in weak magnetic field for the timer coil, which
reversestheinduced voltage and turns off the base current and hence the emitter-
collector (primary) current of the transistor. This collapses the magnetic field
intheignition cail to produce high voltage at the spark plug.

Hall Effect pulse generator

The principle of operation of this

+
T type of pulse generator is based on
T _ : the Hall effect. When achip made of
INoucéo semiconductor materia carries a

exposed to amagnetic field, asmall
voltage called the Hall voltage is
generated between the chip edges at
90 degrees to the path taken by the

@

:
u
CURRENT l . signal current across it and is
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signal current. The Hall voltage is altered due to the change in the magnetic
field strength and this effect can be used as a switching device to trigger the
ignition point by varying the Hall current.

Optical pulse generator

Thistypeworks on sensing the spark point by using ashutter to interrupt alight
beam projected by alight-emitting diode (LED) onto aphototransstor.

Theprincipleof thistypeof trigger isthat aninvisiblelight, at afrequency closeto
infra-red, isemitted by agallium arsenide semi-conductor diode anditsbeamis
focused by hemispherical lensto awidth of about 1.25 mm at the chopping point. A
steel chopper, having bladesto suit the number of cylindersand dwell period, is
fixed tothedistributor spindle. Thiscontrolsthetime periodsof thelight falling on
thedlicon phototrans stor detector. Thistransistor formsthefirst part of aDarlington
amplifier, which buildsup thesignd andindudesameansaof preventing timing change
duetovariaioninlinevoltageor dueto dirt accumulation onthelens. Thesigna sent
by the generator to the control module switcheson the current for the primary coil.
Therefore, when the chopper cutsthe beamsthe primary circuit isbrokenand a
spark isproduced at the plug.

DETAILING OF PRACTICALS
SPARK PLUG

*  Removeand cleanthe spark plugs"oneat atime" from your engineusing a
ratchet wrench with aspark plug socket.

e Label and number each wirewith tape and its matching hole with the same
number, then you could removeall of the spark plugsat once. Don't remove
the wire from the distributor unless you accurately number each outlet to
match the plug and its cable.

*  Brush off any visible dirt and debris from your spark plugs with a clean
rag.

* Cleanthefiring end of the spark plugswith aquick drying liquid.

90% strength acohol, brake or carburetor/injector cleaner or mineral spirits

are good choices that all work well when cleaning spark plugs.

*  Blow any excess particleswhile cleaning spark plugswith low air pressure.

*  Apply adry compound to clean any excess dirt from the spark plugs that
might not be visibleto the eye.

»  Blast the clean spark plugs again with the pressurized air. This extrablast

of air simply eliminates any debris|eft on the spark plugs.
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Use awire brush to clean the threads of the spark plugs.

Gap theclean spark plugsto your automobil€'s specifications using aspark
plug gap tool.

Remove dirt oil and grime from each of the spark plug holes with arag.

If the holes are extremely dirty, you can use the same solution to clean
them that you used for your spark plugs.

Reinstall the clean spark plugsinto the spark plug holes, tightening to the
correct torque. Double-check that each wire/cable is replaced onto the
correct spark plug as your go.

Start your vehicle to see how well it runs now that the spark plugs are
clean.

Assessment Activity

o s wbdhPE

Seminar on battery coil ignition and magneto ignition systems
Assignment on construction and working of ignition coil and spark plug
Debate on 'Battery coil ignition isbetter than Magneto ignition system'
Seminar on Distributer lessIgnition System and CDI system

Classtest

TE QUESTIONS

1.

3)

5

6)

Fill inthe blanks
In two wheel ers----- types of ignition system is used (D)
Statetrue or false

The function of an ignition coil is to step up the voltage from a primary
source.
(1)
Ignition coil, contact breaker, distributor, spark plugs, battery etc. are the
componentsof anignition system. Identify thetype of ignition system. Draw
thewiringdiagram of it by joining these componentsand explainitsworking

(6)
Thefunction of aspark plugisto produce spark to ignitetheair fuel mixture.
But thespark plugsof different sizeenginesaredifferent. Why? 2

Inadigtributor lessignition system, the current to spark plugisnot supplied by
adistributor. Then how doesthe spark plug get its current according to the
firing order? 3
Giveshort noteson: 4

a) Capacitor Discharge System (CDS)

b) Cail on plug (COP)
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4.6 EMISSION CONTROL SYSTEM
INTRODUCTION

Vehicle emission control system is the study of reducing the motor vehicle
emission. Emissions of many air pollutants have been shown to have avariety
of negativeeffect on public health and the natural environment. The unit describes
the sources of automotive pollutions, euro norms and their implementation in
India. The workings of various emission control systemsare also explained in
thisunit.

LEARNING OUTCOMES

The learner;

»  describesthe necessity of emission control

* identifiesthe sourcesof automotive emission

e gtates EURO Il and IV norms of petrol and diesel vehicles and their
implementation year inindia

« explainstheworking of positive crankcase ventilation

* explainsthe working of vapour recovery system

* explainstheworking of exhaust gasrecirculation system

* explainstheworking of air injection system

* explainstheworking of PulseAir Injection Reactor (PAIR) system
* explainthe working of two way and three way catalytic converter
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UNIT IN DETAIL
4.6.1 NECESSITY OF EMISSION CONTROL

Air pollution can be defined as the addition to our atmosphere any material
which will have a serious effect on life upon our planet. The main pollutants
contributes by automobiles are carbon monoxide(CO), unburned hydro
carbons(UBHC), oxides of Nitrogen(NOX), sul phur oxides and lead and other
particulate emissions. In advanced countries and cities, air pollution by
automobilesis about 50% of the global air pollution. Pollutants from asingle
car are not too much. But if we consider thelarge number of cars, and with their
number rising rather too rapidly, the increase in pollutants is by millions of
tones. Thusitisclear that serious attempts should be made to conserve earth's
environment from degradation. Since the last twenty years, much work has
been doneto control emission from IC engines.

4.6.2 SOURCES OF AUTOMOBILE EMISSION

There are 3 possible sources of atmospheric pollutions from an IC Engine.
They are evaporative loss, crank case blow by and tailpipe exhaust. The
evaporative losses are the direct losses of raw gasoline from the engine fuel
system; the blow by gases is the vapours and gases |eaking into the crank case
from the combustion chamber and the pollutants from the exhaust pipesare due
to incomplete combustion.

4.6.3 EURO NORMS IN INDIA

Bharat stage emiss on standardsare emission sandardsingtituted by the Government
of Indiato regulate the output of ar pollutantsfrom internal combustion engineering
equipment, induding motor vehicles Thesandardsand thetimdinefor implementation
are &t by the Centrd Pollution Control Board under the Ministry of Environment &
Forestsand Climate Change.

The standards based on European regulations were first introduced in 2000.
Progressively stringent norms have been puit to effect since then. All new vehicles
manufactured after the implementation of the norms have to be compliant with the
regulations. From October 2010 onwards Bharat Stage (BS) 11l norms have been
enforced acrossthe country. SinceApril 2010, Bharat Stage 1V emission normshave
been put to vogue in 13 citiesin India. the Indian government announced that the
country would skip the EuroV normsatogether and adopt Euro V1 normshby 2020.

While the norms help in bringing down pollution levels, it invariably results in
increased vehicle cost due to improved technology & higher fud prices. However,
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thisincrease in the private cost is offset by savingsin health cogts for the public, as
thereislesser amount of disease causing mattersand pollutioninthear.

The below tables shows the details

&
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Emission Norms for passenger cars

Bharat Stage-lll 2.3 0.35(combined)
Bharat Stage-IV 1.0 0.18(combined)

Emission norms for Heavy Diesel vehicles

CO(g/kmhr) | HC(g/kmhr) [NO2 (g/kmhr) | PM (g/kwhr)

Bharat
Stage-111 2.1 16 50 0.10
Bharat
Stage-1V 15 0.96 35 0.02

Emission Norms for 2/3 wheeler

Bharat Stage-lll 1.0 1.0

4.6.4 POSITIVE CRANK CASE VENTILATION

In order to remove blow by gases, the crank case must be ventilated. In earlier

engines, the crankcase was ventilated by an opening at the front of the engine

and vent tube at the rear. The forward motion of the vehicle and rotation of

crankshaft caused air to flow through and remove blow by gases, water and

fuel from crankcase, which appear

AlIR . .

AIR - when the engine is cooled. The
CLE*"ER ﬂ_".ET .

L ‘MawmForo  discharge of fuel vapours or partly
burnt gasesinto theatmosphere cause
air pollution. For preventing air

- pollution, the modern engineshave a
closed system known as Positive
Crank-caseventilation (PCV) system.

' | Eencine In this system filtered air from the
\————— crankaase| gy cleaner isdrawn through the crank

CARBURETTOR

mE=nxEm
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case from where it picks up water, fuel vapours and blow-by gases. The air
then flows back to the induction manifold and enters the engine where the
unburned fuel isburned.

A positive crank case ventilation (PCV) valveis placed between the crankcase
and induction manifold to prevent the air flowing through induction manifold
during idling. This automatic valve alows only asmall amount of air to flow
through idling. When the engine speed increases, fall in manifold vacuum allows
the PCV valveto open wideto allow moreair through the crankcase.

4.6.5 VAPOUR RECOVERY SYSTEM (VRS)

Petrol in thetank & carburetor evaporates away through the vent holes due to
temperature effects. To prevent this Vapour Recovery System (VRS) is
incorporated with the fuel system of petrol engine. A vapour recovery system
capturesthese petrol vapours and preventsthem from escaping into air thereby
reducing pollution. AlImost all modern carsare equipped withVRSunder different
names such as Vapour Saver System (VSS), Vehicle Vapour Recovery (VRR),
Evaporation Control System (ECS) and Evaporation Emission System (EES).

varourtiauio A VRS consists of a canister

CARBURETTOR . SEPARATORfilled with activated charcoal
. iIs placed between the
—_—" carburetor and fuel tank. Petrol
VaL'E‘/L‘—‘ ' Tl rueLtank| Vapours pass through the
FRESH canister and are trapped |.n
L there. When the engine is

CARBON CANISTER . . .
- started, induction manifold
INLET “vatve oot vacuum acts at the canister and

MANIFOLD
the fuel vapours are drawn into the carburettor to mix up with fresh charge.
A stand pipe assembly between the fuel tank and canister is used to separate
petrol vapours from the liquid petrol. The petrol tank contains a sealed cap of
pressure and vacuum type. The cap valve opens when too much pressure
developsin thetank. It a'so opensto admit air asfuel iswithdrawn.

4.6.6 EXHAUST GAS RECIRCULATION (EGR) SYSTEM
In this system a portion of exhaust gasis re-circulated to the cylinder intake

charge. Thisreducesthe peak combustion temperature, sincetheinert gas serves
asaheat sink. Thisalso reducesthe quantity of oxygen availablefor combustion.

b7
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vVacuum

HOSE EGR VALVE PORTED EGR VALVE
THROTTLE | SPRING THROTTLE VACUUM
VALVE VACUUM { VALVE SWITCH

PORT
f

EXHAUST GAS
INTAKE
MANIFOLD MANIFOLD

The exhaust gas for recirculation is directly taken from the stove area through
an orifice, passed through the butterfly control valve for regulation of the rate
and ducted down to the intake port. Therecyclerate control valveis connected
to the throttle shaft by an appropriate linkage and the amount of valve opening
isregulated by throttle position. Thelink isdesigned so that recycled exhaustis
normally shut off during idle to prevent rough engine operation. Thisis aso
shut off during full throttle acceleration to prevent |oss of power when maximum
performance is needed. There will be alittle effect on NO2 emission even if
the above arrangement is not made because NO2 concentration isidle and full
throttle are already very low.

4.6.7 AIR INJECTION SYSTEM

If compressed air is passed into combustion chamber in addition to air fuel charge

from the carburetor, better combustion and hence, reduced hydrocarbon and carbon

monoxide emissions will result. Thiswill also give a variable power boost with

some saving in fuel, but extra equipment in the form of air compressor and air

vaveswill raisethe cost very much. In this system compressed air isinjected into

each exhaust port dightly down stream of theexhaust vave. Theinjected air mixes

with very hot, fully and partialy burned exhaust gases and causes oxidation of the

CO and hydrocarbons.

nosE g™ Such an air injection

' )’ systemisusedtoreducethe

' hydrocarbons and carbon

monoxideis shown in the
figure

Fresh air from the belt
driven vane pump goes
sounce through a diverter valve,

HIGH-SPEED
BYPASS AR

AIR PUMP
EXHAUST
DECELERATION PORT

BYPASS AR DIVERTER VALVE
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one-way check vave and piping into the exhaust manifold. Thisfresh air supplies
excess oxygen to oxidize HC and CO into CO2 and watervapour. Check vaveis
meant to prevent backflow whenever exhaust pressure is greater than air pump
pressure. Thismay happen intheevent of pump belt failure, excessvely high exhaust
system pressure or rupture of air hose. The diverter valveis operated by avacuum
diaphragm. Whenidling or in part or full throttle conditions, themanifold vacuumis
not enough to movethediverter valvedigphragm. However, on sudden decderation,
manifold vacuum increases to lift the diverter valve digphragm thereby diverting
theair to theatmosphereor air cleaner. High manifold vacuum drawsrich mixture
from the carburettor whichistoo difficult to ignitein the combustion chamber, and
because of whichit goes out in the exhaust manifold. When air is pumped into the
exhaust manifold, the mixture becomes lean and would ignite when hot exhaust
gasesarerel eased next from the cylinder. Thismay result in adangerousexplosion
intotheexhaust syslem. Thediverter vaveby diverting theair flow under conditions
preventsthishbackfiring. Air injection systemswork more preci sely when computer
control isused. Thismethod of exhaust cleaning doesnot affect engine efficiency.

4.6.8 PULSE AIR INJECTION REACTOR (PAIR) SYSTEM

FORMED CR VER PIP
HOLE |y, OSSOVER PIPE

g sss

HIGH-SPEED
BYPASS AIR

AIR PUMP D
e 3 EXHAUST

DECELERATION PORT

BYPASS AIR

MANIFOLD VACUUM
SOURCE

Someenginesdo not requireall theair supplied by the pumpin theair injection
system. Such enginesmay be provided with pulseair system. The system employs
thepressure pul sesof theexhaust to pull air into the exhaust system. When exhaust
valve opens, exhaust gases rush out at high speed. Due to their inertia, more
exhaust is pulled from the cylinders as the exhaust valve closes, causing there
by apartial vacuum inthe exhaust ports. Negetive pressurein the exhaust manifold
movesair fromtheair cleaner through the check valves and pipesin the exhaust
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ports. This system has an advantage that no engine power isconsumed to run a
belt driven pump. Such systemsare usually employed on engineswith catal ytic
converters.

4.6.9 CATALYTIC CONVERTERS

A cataytic converter isacylindrical unit about the size of asmall silencer and is
ingtdled into the exhaust system of vehicle such as a car, scooters etc. It is placed
between theexhaust manifold and theslencer. Ingdethe converter thereisahoneycomb
structure of a ceramic or metad, which is coated with dumina base materia and
theresfter asecond coating of preciousmetdslike platinum, paladiumor rhodiumor

combinationsof thesame. Thissecond coating servesasacatayst.
A cadys is a substance which causes a chemica reaction that normally does not
happen in the given conditions. Asaresult of catdytic reaction, asthe exhaust gases
pass over the converter substrate and toxic gases such as CO, HC and NO2 are
convertedinto harmlessCO2, H2 and N2. Therearetwo typesof cata ytic converters.
I. A twoway converter, whichisused to control only CO and HC emissions

by oxidation.
2. A threeway converter, whichisused aimost in al petrol cars. It controls
CO and HC by oxidation aswell as NO2 by reduction.
Three-way converters(TWC) are now
st ol ;'-", e=es - commonly being used for petrol engines
' = 25 and operate in two stages. The first
{) D” converter stage usesrhodium to reduce
the NO2 in the exhaust into nitrogen
E‘ ower and oxygen. In the second converter
" stage, platinum or palladium acts as
oxidation catalyst to change HC and
o CO into harmlesswater and CO2. For
supplyl ng the oxygen required in the second stage, air is fed into the exhaust
after thefirst stage. The catalyst allows the oxidation of the exhaust gases at a
much lower temperature then in the combustion chamber. With temperatures
exceeding 300°C, the steadystate conversion efficiencies of a new converter
are about 98% for carbonmonoxide and about 95% for hydrocarbons. The
outgoing exhaust gases in a petrol engine are at a temperature of 300-400°C
during idling and may reach 900°C under full-load conditions. Convertersshould
be best operated between 400°C and 800°C. Thetemperature, at which catalyst
is50% effective, isknown asthelight-off temperature, which should be aslow
as possible.

|
'b
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DETAILING OF PRACTICALS
PCV Valve
Procedure

Car manufacturers suggest that PCV valves be cleaned or replaced after about
20,000 to 50,000 miles of driving. Consult your owner's manual to see where
the PCV valveislocated on your vehicle and what the recommended service
intervals are. The valve is usually replaced during scheduled tune-ups There
are severa ways to check whether your PCV valve isfunctioning properly.
Method 1: Remove the PCV valve from the valve cover with the hose still
attached. Then place your finger over the open end of the hose. If the valve's
working well, you will feel strong suction. Try shaking the valve. If it's
unobstructed, it should rattle. If it's fouled, the rattle will be indistinct or non-
existent.

Method 2: Remove the cap from the oil filler hole on the valve cover and
place a stiff piece of paper over the opening. If your PCV valve is working
properly, the paper should be sucked against the hole within seconds.

If the valve doesn't seem to be working properly, beforeyou go to thetroubleto
replaceit, try cleaning it to see if that makes a difference.

Clean it yourself by immersing it in carburettor cleaner. There should be no
gummy depositsor discolouration on aclean valve. If your PCV valve must be
replaced, buy a new valve, remove the old one, and insert the new onein its
place

Assessment Activity

1. Seminar on Emission Control Systems
Divide the studentsinto 5 groups. Assign the groups to present any one of the
emission control systems as listed below

Name of Emission Control System

| Positive crank case ventilation

I Vapour recovery system
I Exhaust gasrecirculation system
\Y/ Airinjection system
\% Catalytic convertor
2. Class test
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TE QUESTIONS

1. The common catalyst used in automobile emission control system is
(1)
Name any two constituents of automobile exhaust gas. (2

Therearevariousmethodsto control the emission from automobile. Identify
any onetypeand explain about it. (6)

EXTENDED ACTIVITIES
* Field Visit
e OJT
e Survey
« Camp
* \Vocationa expo

* Production cumtraining centre (PTC)
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LIST OF PRACTICALS
4.1 AUTOMOTIVE BATTERY
1. Removingandingalinglead acid battery from avehicle.

2. Cleaning battery top, terminals, cable clamps and apply petroleum jelly on
terminds.

3. Conduct different battery testing
a. Specificgravity test
b. Openvoltagetest
Load test.
High ratedischargetest
Charging of battery
Congant voltage
Congtant current
. Boogter charging
4.2 CHARGING SYSTEM
1. Studythecharging circuit and itsvarious components.
2. Remove, Dismantle, inspect, serviceand refit theaternator.
3. Replacethedrivebelt of alternator and adjust thetension of belt.
4

Checking of output current and voltagefrom aternator, check the condition of
current and voltageregul ator and a so check the cutout rel ay.

4.3 STARTING SYSTEM
Study the starting circuit and itsvarious components
Inspect thecircuit of starting system
Study thetroubl e shooting of starting system
Remove, dismantle, inspect, serviceand refit starting motor
Model test connection between booster battery and dead battery for jump
darting
6. Familiarizethe componentsof solenoid switch; inspect and serviceit
4.4 LIGHTING SYSTEMS AND ELECTRICAL EQUIPMENTS
1. Dothewiringcircuit of:
b) Headlamp, park lamp andtail lamp

O T e A ao
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¢) Horn

d) Indicators

€) Windshiddwiper

Replacing of head lamp, tail lamp, park lamp, indicator etc..
Focusing of head lamp

Diagnoseand repair hornand tuning it

Servicing and repairing of wind shield wiper and motor
Serviceand repairing of indicator lamp circuit

Servicing and repair of speedometer and odometer
Servicingand repair of fuel gauge

Servicing and repair of oil pressure gauge

Servicing and repairing of temperature gauge

Servicing and repairing of power window

Servicing and repairing of various accessorieslikeloglamp, music system,
defogger, power mirror etc.

4.4 IGNITION SYSTEM

Dothewiringof variousignition system

Removeand inspect spark plug, clean and adjust thegap
Check and adjust the contact point of distributor

Remove, dismantle, ingpect, serviceand refit thevarioustypesof ignition system
Satingof ignitiontimingwithtiminglight

. Check and servicethedistributor

.5 EMISSION CONTROL

Diagnosisand servicepositive crankcase ventil ation(PCV)
Diagnossand serviceair injection system

Diagnosisand serviceof EGR

Diagnosisand service cata ytic converter

Diagnosisand serviceevaporative control system

Checking the crankcase ventilation by PCV vacuum tester
Remove and service oxygen sensor
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