
MAHARASHTRASTATEBOARDOFTECHNICALEDUCATION
(Autonomous)

(ISO/IEC-27001-2013Certified)
__________________________________________________________________________________________________

Page1/1

WINTER–19EXAMINATION
SubjectName:Autotronics ModelAnswer SubjectCode:

ImportantInstructionstoexaminers:
1)Theanswersshouldbeexaminedbykeywordsandnotasword-to-wordasgiveninthemodelanswer

scheme.
2)Themodelanswerandtheanswerwrittenbycandidatemayvarybuttheexaminermaytrytoassessthe

understandinglevelofthecandidate.
3)Thelanguageerrorssuchasgrammatical,spellingerrorsshouldnotbegivenmoreImportance(Not

applicableforsubjectEnglishandCommunicationSkills.
4)Whileassessingfigures,examinermaygivecreditforprincipalcomponentsindicatedinthefigure.The

figuresdrawnbycandidateandmodelanswermayvary.Theexaminermaygivecreditforanyequivalent
figuredrawn.

5)Creditsmaybegivenstepwisefornumericalproblems.Insomecases,theassumedconstantvalues
mayvaryandtheremaybesomedifferenceinthecandidate’sanswersandmodelanswer.

6)Incaseofsomequestionscreditmaybegivenbyjudgementonpartofexaminerofrelevantanswer
basedoncandidate’sunderstanding.

7)Forprogramminglanguagepapers,creditmaybegiventoanyotherprogram basedonequivalent
concept.

Q.
No.

Sub
Q.
N.

Answer Marking
Scheme

1(a) AttemptanyTHREEofthefollowing: 12
i Withneatsketchdescribetheworkingofoxygensensor. 04

Ans

Figure:OxygenSensor

Theoxygensensoroperatesonthebasisofadifferencebetweentheoxygen
partialpressureofatmosphericairandthepartialpressureofoxygeninthe
exhaustgas.Figureshowsthatthesensorelementisessentiallyacell(battery).
Theplatesaremadefrom platinum whichhavealayerofceramiczirconia
betweenthem whichactsasanelectrolyte. Theplatinum platesactsasa
catalystsfortheoxygenwhichmakescontactwiththem,andtheyarealsoused
toconductelectricityawayfrom thesensor.Thecatalyzingactionthattakes
placewhenoxygencontactstheplatinum platescausesthetransportofoxygen
ionsthroughtheelectrolyteandthiscreatestheelectriccurrentthatgivesriseto

Sketch
02

Marks
&

Explain
02

Marks
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thee.m.f(voltage)ofthesensor
ii Explaincollisionavoidancesystem. 04

Ans

Figure:CollisionAvoidanceSystem inAutomobiles.
A collisionavoidancesystem isanautomobilesafetysystem designed to

reducetheseverityofacollision.Itisalsoknownasapre-crashsystem,forward
collision warning system,orcollision mitigating system.Itusesradar(all-
weather) and sometimes laser (LIDAR) and camera (employing image
recognition)todetectanimminentcrash.GPSsensorscandetectfixeddangers
suchasapproachingstopsignsthroughalocationdatabase.Oncethedetection
isdone,thesesystemseitherprovideawarningtothedriverwhenthereisan
imminentcollisionortakeactionautonomouslywithoutanydriverinput(by
brakingorsteeringorboth).Collisionavoidancebybrakingisappropriateatlow
vehiclespeeds(e.g.below 50km/h),whilecollisionavoidancebysteeringis
appropriateathighervehiclespeeds.Carswithcollisionavoidancemayalsobe
equipped with adaptive cruise control,and use the same forward-looking
sensors.

OR

Collision avoiding Systems:Collision avoiding systems place smallradar
detectorsup nearthefrontofthecar,usuallywithin thegrill,wherethey
constantlysendoutquickburstsofhigh-frequencyradarwaves.Thesewaves
willbounceoffthenearestobjectsandreturntothesensor,whereaseparate
unitconnectedtothesensorcalculateshowlongittookforthesignaltoleave
andbounceback.Withthisinformation,aPCSunitcandetermineanothercar's
position,distance,speedandrelativevelocityalmostimmediately,andifany
suddenchangesinthosefactorscouldpotentiallycauseacollision,thesystem
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Explain
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canprovideinformationorassistthedriverinavoidingapotentialaccident.

iii Explain how to perform testto judge the condition ofgiven diode using
multimeter.

04

Ans Testingofdiodewithadigitalmultimeter:
i.From themultimeterconnecttheBLACK testconnectortotheRED wire
comingfrom theregulatorrectifier.
ii.Thenfrom themultimeterconnecttheRED testconnectortoONEofthe
YELLOW wirescomingfrom theregulatorrectifier.
iii.Thereadoutshouldshow between0.400-0.600alongwithasingleaudible
beep
iv.ContinuebytestingtheremainingYELLOW wiresfollowingthesametest
procedure.

01
Markfor

Each
Step

iv Listtheadvantagesofelectronicsuspensionsystem. 04
Ans AdvantagesofElectronicSuspensionSystem:

1)increasedefficiency;
2)improveddynamicbehavior;
3)stabilityimprovement;
4)accurateforcecontrol;
5)dualoperationoftheactuator

01Mark
Each

1(b) AttemptanyONEofthefollowing: 06
I Describe with a neatsketch use ofpowerdiodes in charging system of

alternator.
06

Ans PowerDiode:Thepowersemiconductordiode,knownsimplyasthePower
Diode,
hasamuchlargerPNjunctionareacomparedtoitssmallersignaldiodecousin,
resultinginahighforwardcurrentcapabilityofuptoseveralhundredamps(KA)
and
areverseblockingvoltageofuptoseveralthousandvolts(KV).

Powerdiodeusedasregulatorinchargingsystem-Thealternatorisavariable
speedmachine.Asthevehiclespeedraisesthegeneratedvoltagerisesandifit
isrunwithoutloadtheoutputvoltagecouldreach140volts.Thereforesome
controlisrequiredanditisprovidebythemodernelectronicregulator.The
regulatormaintain constantaverage currentin the rotorfield winding by
switchingcurrentONandOFFandtheresultwillbeanalternatoroutputvoltage
ofabout14.2volts.Themaincomponentoftheelectronicvoltageregulatoris
thezenerdiode.Itactsasasensingelementinanelectronicregulator.Figurer

02
Marks

02
Marks
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shows a simplified diagram ofelectronic voltage regulator.This regulator
operatesasfollows:-
1.Whenthealternatorfirstincreaseisspeedtheoutputwillbebelow the
prescribesetlevel
2.UndertheseconditionstransistorT2willbeswitchedonbyafeedtoitsbase
throughresistorR3.
3.Thisallowsfullfieldcurrenttoflowthusincreasingvoltageoutput
4.Whentheprescribedsetvoltageisreachedthezenerdiodewillconduct.
5.ResistorR1andR2areasimpleseriescircuittosetthevoltageappropriateto
thevalueoftheZDsays14.2V.
6.OnceZDconductstransistorT1willswitchonandpullthebaseofT2downto
ground.
7.ThisswitchesT2offandsothefieldcurrentisinterruptedcausingoutput
voltagetofall.
8.ThiswillcauseZDtostopconductingT1willswitchoffallowingT2toswitch
backonandsothecyclewillcontinue.

Powerdiodesaredifferentfrom normalP-N junctiondiodes.Ithasalarge
current
carryingcapacityi.e.itcanhandlelargepower.Powerdiodesarecapableof
passing
asmuchasseveralhundredamperesofforwardcurrent.Thismakesitsuitable
for
applicationswherelargercurrentandhighervoltagesarerequired.Anexample
ofuse
ofpowerdiodesinthechargingsystem isshowninthefigure:
Wemakeuseofsixdiodeswhichareusedtosupplythecurrenttothefield
diodes
requiredfortheexcitationofthefieldwindings.Thusthecurrentform thestator
is
usedtoexcitethefieldwindingswiththehelpofpowerdiodes.

02
Marks

ii Explainanalogtodigitalanddigitaltoanalogsignalconversion. 06
Ans AnalogtoDigitalConversion:Analogtodigitalconversionisnecessarybecause

manysensorsignalsareofanalog(varyingvoltage)form.Inorderforthecontrol
computer(ECU)tofunctiontheseanalogsignalsmustbeconvertedtobinary
codes(digitalsignals).Conversionfrom ananalogvoltagetoadigitalcodecan

03
Marks
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bedoneinanumberofways.FigureshowsonetypeofA/Dconverterthatis
knownasa‘flash’converter.Theflashconverterconsistsoffourcomparators
andanencodercircuitwhichtakesthecomparatoroutputsandconvertsthem
intoabinarycode.Anelectroniccomparatorisacircuitwhichcontinuously
comparestwosignals.Oneoftheinputs,ateachcomparatorisareference
voltage.Whentheinputvoltagematchesthereferencevoltagethecomparator
outputslogic1.Thereferencevoltagesshowninthefigureare1Vupto4V.
Tableshowstheinput/outputperformanceoftheconverter.

ADigitaltoAnalogConverter(DAC)convertsadigitalinputsignalintoananalog
outputsignal.Thedigitalsignalisrepresentedwithabinarycode,whichisa
combinationofbits0and1.ThischapterdealswithDigitaltoAnalogConverters
indetail.
Theblockdiagram ofDACisshowninthefollowingfigure−

ADigitaltoAnalogConverter(DAC)consistsofanumberofbinaryinputsanda
singleoutput.Ingeneral,thenumberofbinaryinputsofaDACwillbeapowerof
two.
TherearetwotypesofDACs

 WeightedResistorDAC
 R-2RLadderDAC

03
Marks

2 AttemptanyFOURofthefollowing: 16
A Explaintheworkingofaenginecoolanttemperaturesensor. 04

Ans WorkingofCoolantTemperatureSensor: Sketch
02

Marks
&

Explain
02
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Figure:SemiconductorResistorSensor.
Acommonlyuseddeviceforsensingtemperatureisthermistor.Athermistor
utilizestheconceptofnegativetemperaturecoefficienti.e.itsresistancegets
lowerasitstemperatureincreasesandthisisacharacteristicofsemiconductor
material.
Working:Thesensorworksbymeasuringthetemperaturethat’sbeinggivenoff
bythethermostatand/orthecoolantitself.Thetemperatureisthensenttothe
on-board controlsystem.From there,yourvehicle’scomputerwillusethis
temperatureinformationtoeithercontinueoperatingoradjustcertainengine
functions,alwaysworkingtokeeptheenginetemperatureatanideallevel.As
thecontrolsystem receivesthetemperaturefrom theCTS,itmaytriggerthe
coolingfantoeithershutofforturnon.Additionally,itmaysignaltheneedfora
richerfuelmixtureoropentheexhaustgasrecirculation.
Forexampleat-400C atypicalcoolantsensorhasaresistanceof1,00,000
ohms.Theresistancedecreasestoabout70,000ohmsat1300C.Thechangein
currentisthesensorsignals.

B Enlistthedifferenttypesofcommunicationsystem usedinautomobile.State
thefunctionofBluetoothtechnology.

04

Ans Typesofcommunicationsystem usedinautomobile
1.Bluetooth
2.Wi-Fi
3.CANBus
4.LINBus
5.GSM Network
6.Opticfibers.
7.Ethernet
FunctionofBluetoothTechnology:Bluetoothisdesignedtosupportpersonal
areanetwork(PAN)toreplacewiredcablebetweennearbydevices.Bluetoothis
ausedtopairmobilephonestovehicles.Suchpairingenablehandsfreecalling
from thevehicle.Itallowsavehicleembeddeddisplayunittobeusedtocontrol
mobilesphonesandallowsamobilesphonetousethevehicleembeddedsound
systems.Italsoenablesmakingemergencycallsduringaccidents,downloading
digitalcontacts,travelinformation orsoftware updates,and to access to
internet.

AnyFour-
1/2mark

each

02
Marks

C Differentiatebetweendigitalvisualdisplayandanalogvisualdisplay. 04
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Ans

Any
Four
Point

01
Mark
Each

D ExplainGPSNavigationsystem usedinautomobile. 04
Ans

Figure:GPSSystem
GlobalPositioningSystem (GPS):
TheGlobalPositioningSystem (GPS)isaspace-basednavigationsystem That
provideslocationandtimeinformationinallweatherconditions,anywhereonor
neartheEarthwherethereisanunobstructedlineofsighttofourormoreGPS
satellites.
GPSsystemsaremadeupof3segments:-
1.SpaceSegment(SS)2.ControlSegment(CS)3.UserSegment(US)
1.SpaceSegment:GPSsatellitesflyincircularorbitsatanaltitudeof20,200km
andwithaperiodof12hours.Poweredbysolarcells,thesatellitescontinuously
orientthemselvestopointtheirsolarpanelstowardthesunandtheirantenna
towardtheearth.OrbitalplanesarecenteredontheEarth.Eachplanehasabout
550 tiltrelativetoEarth'sequatorinordertocoverthepolarregions.Each
satellitemakestwocompleteorbitseachsiderealday.Sidereal-Timeittakes
fortheEarthtoturn360degreesinitsrotation.Itpassesoverthesamelocation
onEarthonceeachday.
2.ControlSegment:TheCSconsistsof3entities:
(i)MasterControlStation:-Themastercontrolstation,locatedatFalconAir
Force Base in Colorado Springs, Colorado, is responsible for overall
managementoftheremotemonitoringandtransmissionsites.
(ii)Monitorstation:-Eachofthemonitorstationscheckstheexactaltitude,
position,speed,andoverallhealthoftheorbitingsatellites.Thecontrolsegment
usesmeasurementscollectedbythemonitorstationstopredictthebehaviorof
eachsatellite'sorbitandclock.Thepredictiondataisuplinked,ortransmitted,
tothesatellitesfortransmissionbacktotheusers.
(iii)GroundAntennas:-Groundantennasmonitorandtrackthesatellites.They

01
Mark
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Mark
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alsotransmitcorrectioninformationtoindividualsatellites.
3.UserSegment:Theuser'sGPSreceiveristheUSoftheGPSsystem.GPS
receiversaregenerallycomposed ofan antenna,tuned to thefrequencies
transmittedbythesatellites,receiver-processors,andahighly–stableclock,
commonlyacrystaloscillator.Theycanalsoincludeadisplayforshowing
locationandspeedinformationtotheuser.

E Describeworkingofunitinjectoractuator. 04
Ans ElectronicFuelInjector(UnitInjector):

Avacuum –poweredfuelpressureregulatorattheendofthefuelrailensures
thatthefuelpressureintherailremainsconstantrelativetotheintakepressure.
Foragasolineengine,fuelpressureisusuallyontheorderof35-50psi.Fuel
injectorsconnecttotherail,buttheirvalvesremaincloseduntiltheECUdecides
tosendfuelintothecylinders.Usually,theinjectorshavetwopins.Onepinis
connectedtothebatterythroughtheignitionrelayandtheotherpingoestothe
ECU.TheECUsendsapulsinggroundtotheinjector,whichclosesthecircuit,
providingtheinjectorssolenoidwithcurrent.Themagnetontopoftheplunger
isattractedtothesolenoidsmagneticfield,openingthevalve.Sincethereisa
highpressureintherail,openingthevalvesendsfuelatahighvelocitythrough
theinjectorsspraytip.Thedurationthatthevalveisopenandconsequentlythe
amountoffuelsentintothecylinderdependsonthepulsewidth(i.e.howlong
theECU sendsthegroundsignaltotheinjector).Whentheplungerrises,it
opensavalveandtheinjectorsendsfuelthroughthespraytipandintoeitherthe
intakemanifold,justupstream oftheintakevalve,ordirectlyintothecylinder.

Sketch
02

Marks

&

Explain
02

Marks

F Describetheprocedureofconversionofsignalsfrom analogtodigital. 04
Ans AnalogtoDigitalConversion:Analogtodigitalconversionisnecessarybecause

manysensorsignalsareofanalog(varyingvoltage)form.Inorderforthecontrol
computer(ECU)tofunctiontheseanalogsignalsmustbeconvertedtobinary
codes(digitalsignals).Conversionfrom ananalogvoltagetoadigitalcodecan
bedoneinanumberofways.FigureshowsonetypeofA/Dconverterthatis
knownasa‘flash’converter.Theflashconverterconsistsoffourcomparators
andanencodercircuitwhichtakesthecomparatoroutputsandconvertsthem
intoabinarycode.Anelectroniccomparatorisacircuitwhichcontinuously
comparestwosignals.Oneoftheinputs,ateachcomparatorisareference
voltage.Whentheinputvoltagematchesthereferencevoltagethecomparator
outputslogic1.Thereferencevoltagesshowninthefigureare1Vupto4V.
Tableshowstheinput/outputperformanceoftheconverter.

Sketch
02

Marks
&

Explain
02

Marks



MAHARASHTRASTATEBOARDOFTECHNICALEDUCATION
(Autonomous)

(ISO/IEC-27001-2013Certified)
__________________________________________________________________________________________________

Page9/9

3 AttemptanyFOURofthefollowing: 16
A Prove that561(10) = 1000110001(2) are equivalentby stepwise converting

decimaltobinaryandbinarytodecimal.
04

Ans GivenData,
IllustrationforDecimalToBinary:
561(10)=1000110001

2 561 1
2 280 0
2 140 0
2 70 0
2 35 1
2 17 1
2 8 0
2 4 0
2 2 0

1 1

IllustrationforBinarytoDecimal:
=(1x20)+(0x21)+(0x22)+(0x23)+(1x24)+(1x25)+(0x26)+(0x27)+(0
x28)+(1x29)
=1+0+0+0+16+32+0+0+0+512
=561

02
Marks

For
Decimal

to
Binary

&

02
Marks

For
Binaryto
Decimal

B DifferentiatebetweenCANBusandLINBuscommunicationsystem. 04
Ans CAN Bus System:CAN (ControllerArea Network)is an example ofan

automotivedigitaldatasystem.ItwasdevelopedbytheRobertBoschCompany
inGermany.CANisaserialsynchronouscommunicationprotocolthatconnects
electroniccontrolmodules,sensorsandactuators.
The twisted pairofthe CAN bus system minimizes electrically initiated
interference and virtuallyeliminates the possibilityofmessages becoming
corrupted.ThemajorfeatureoftheCANbussystem are:

i. Prioritycontrolledmessagetransmission.
ii. Low cotsthroughtheuseofalow costtwistedtwowirecableand

useofsimpleprotocolwithlowpowerdemand.
iii. Adatatransferrateupto1MBPSforthehighspeedCAN(CAN-C)and

AnyFour
Points

01
Mark
Each
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upto125KBPSforthelowspeedCAN(CAN-B)
iv. Highreliabilityofdatatransfer

LINBusSystem:TheroleoftheLINbusistocomplementtheCANbus,not
replaceit.Itisaninexpensiveserialcommunicationsprotocolthatsupports
remoteandnon-criticalapplicationsinacar’snetwork.UnlikeCAN,LINworkson
amaster-slavetopology.Typicallythenetworkcomprisesonemasterandupto
16slaves.Allcommunicationisinitiatedbythemasternode.Becauseallthe
nodesareclockedbythemaster,aprecisionclockisrequiredonlyinthemaster
node.ThisisoneofthereasonsthatLINislessexpensivethanCANFeatures
andbenefitsofLIN
i.Complementaryrole–AsalreadystatedtheroleofLINisnottoreplaceCAN
buttocomplementit.ThisfeaturehelpsCANtoextendtoremotehierarchical
sub-networkswithinapplications.
ii.Single-wire implementation – LIN’s low-cost,single-wire implementation
(contrarytoCAN’stwistedpairimplantation)reducescostconsiderably.
iii.Datarate–Dataratesarelimitedto20Kbps(forEMIcontrolreasons).This
helpsmaintainthereliabilityofthenetwork.
iv.Broadcastserialnetwork-TheLINnetworkcanhaveonemasterandupto16
slavenodes.Allmessagesoriginateatthemasterand atmostoneslave
responds,basedonthemessageidentifier.
v.Self-synchronization -No crystalorresonatoris required,thus lowering
implementationcostsignificantly.
vi.Latencytime-LIN networksprovideguaranteedlatencytimes,makingita
morepredictablenetwork

C Describeconstructionandworkingofanyonetypeofsensorwhichisusedto
determinequantityofairenteringtheengine.

04

Ans WorkingofAirflowSensor:

Figure:AirFlowSensor
Thevanetypeairflowmeasurementconsistsoflightlyspringloadedvalvethat
movesasideasairflow increases.Thevalveistiedtoarheostat,atypeof
variableresistor.Thechangeincurrentintheresistorcircuitisthesensorsignal.
Alsousedisacarbonfilm resistorwithvariableareaconnectedtotheairflow
meterplate.Itgivesasignalthatvariesair/fuelratiowithdemand.

Sketch
02

Marks
&

Explain
02

Marks

D Explaindifferenttypesoferrorsinthemeasurement. 04
Ans Typesoferror:-

1)Grosserror2)Systematicerror3)Random error
1.Gross error:The class oferrors covers human mistakes in reading
instruments and recording and calculating measurement results. The
responsibilityofthemistakesnormallylieswiththeexperimenter.
2.Systematicerror:Systematicerrorresultfrom knownvariationininstrument
performance,forwhichcorrectionscanbemadeifdesired.Therearemany
sourcesofsystematicerrors,including temperaturevariation in calibration,
loadinganddynamicresponse.
a.Systematicloadingerrors-Thiserrorareduetoenergyextractedbythe

Any
Two
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instrumentswhenmakingmeasurements.Whenevertheenergyextractedfrom
asystem undermeasurementisnotnegligible,theextractedenergycausesa
changeinthequantitybeingmeasured.Wheneverpossible,aninstrumentis
designedtominimizesuchloadingeffects.
b.DynamicResponse-ThisaretheanothersourceofSystematicerror.Any
instrumentshaslimitedresponseratetoveryrapidlychanginginput.Inmany
automotiveinstrumentationapplicationsthebandwidthispurposelyreducedto
avoidrapidfluctuationinreading.
3.Random Error:Random errorsareessentiallyrandom fluctuationsinindicated
valueforthemeasurement.Mostrandom measurementerrorresultsfrom
noise.

E Describediagnosismethodsforfuelinjector. 04
Ans 1.SoundTest:

a.Theinjectorsoundtestisamethodofquicklycheckingtheoperationofthe
pintleonenginewheretheinjectorsareaccessible.

b.Aportinjectorthatisnotfunctioningmaycauseacylindermisfireatlow
enginespeed.

c.Withtheengineidlingastethoscopepickupmaybeplacedonthesideofthe
injectorbody.

d.Eachinjectordoesnotproduceanyclickingnoisetheinjectorconnecting
wiresorPCM maybedefective.

e.When theinjectorclicking noiseiserratictheinjectorplungermaybe
sticking.

f. Ifthereisnoinjectorclickingnoise,proceedwiththeinjectorohmstestto
locatethecauseoftheproblem.

2.OhmmeterTest:
a.Anohmmetermaybeconnectedacrosstheinjectorterminalstocheckthe

injector’swindingaftertheinjectorwirearedisconnected.
b.Iftheohmmeterreadingisinfinitetheinjectorwindingisopen.
c.Anohmmeterreadingbelow thespecifiedvalveindicatesthattheinjector

windingisshorted
d.Asatisfiedinjectorwindingshouldhaveresultbetween0.3to0.4ohms.
e.Replacetheinjectoriftheresultsdonothavethespecifiedresistance.

02
Marks

02
Marks

4(a) AttemptanyTHREEofthefollowing: 12
I ExplainuseofLEDinautomotivedisplay. 04

Ans LightEmittingDiode(LED):
Alightemittingdiode(LED)issimilarinoperationtothediode,excepttheLED
emitslightwhenitisforwardbiased.Ithasasmalllensbuiltintoitsolightcan
beseenwhencurrentflowsthroughthediode.WhentheLEDisforwardbiased,
theholesandelectronscombineandcurrentisallowedtoflowthroughit.The
energyisgeneratedisreleasedintheform oflight.NormallyLEDrequires1.5to
2.2voltstolight.

02
Marks
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Figure:SymbolandSketchofLED
UsesofLED:-
i.Itisusedinheadlampsandtaillampssystem ofvehicles.
ii.Itisusedinlightcontrolpanel.
iii.Itisusedininteriorlightsystem ofthecar.
iv.Itisusedinindicatorlightsofacar.

Any
Two
01

mark
each

ii Draw blockdiagram ofautomotivecomputer.Statethefunctionofanyfour
components.

04

Ans

Figure:BlockDiagram ofAutomotiveComputer.
OR

Sketch
02

Marks
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Figure:BlockDiagram ofAutomotiveComputer.

1.InputUnit:Dataandinstructionsmustenterthecomputersystem before
anycomputationcanbeperformedonthesupplieddata.Theinputunit
thatlinkstheexternalenvironmentwiththecomputersystem performs
thistask.Dataandinstructionsenterinputunitsinformsthatdepend
upon the particulardevice used.Itaccepts (orreads)the listof
instructions and data from the outside world.Itconverts these
instructionsanddataincomputeracceptableformat.Itsuppliesthe
converted instructionsand datato theComputersystem forfurther
processing.

2.OutputUnit:Thejobofanoutputunitisjustthereverseofthatofaninput
unit.Itsuppliedinformationandresultsofcomputationtotheoutside
world.Thus itlinks the computerwith the externalenvironment.It
acceptstheresultsproducedbythecomputerwhichareincodedform
andhencecannotbeeasilyunderstoodbyus.Itconvertsthesecoded
resultstohumanacceptable(readable)form.Itsuppliedtheconverted
resultstotheoutsideworld.

3.Storage Unit:The data and instructions thatare entered into the
computersystem through inputunits have to be stored inside the
computerbeforetheactualprocessingstarts.TheStorageUnitorthe
primary/mainstorageofacomputersystem isdesignedtodoallthese
things.Itprovidesspaceforstoringdataandinstructions,spacefor
intermediateresultsandalsospaceforthefinalresults.Allthedatatobe
processed and theinstructionrequired for processing.Intermediate
resultsofprocessing.Finalresults ofprocessingbeforetheseresults
arereleasedtoanoutputdevice.

4.CentralProcessingUnit:ThemainunitinsidethecomputeristheCPU.
Thisunitisresponsibleforalleventsinsidethecomputer.Itcontrolsall
internal and external devices, performs" Arithmetic and Logical
operations".The operations a Microprocessorperforms are called"
instructionset"ofthisprocessor.ThecontrolUnitandtheArithmeticand
Logic unitofa computersystem are jointlyknown as the Central
ProcessingUnit(CPU).TheCPUisthebrainofanycomputersystem.Ina
computersystem,allmajorcalculationsand comparisonsaremade
inside the CPU and the CPU is also responsible foractivating and

Function
ofany
Four

½
Mark
Each
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controllingtheoperationsofotherunitsofacomputersystem.
5.ArithmeticandLogicUnit(ALU):Thearithmeticandlogicunit(ALU)ofa

computersystem is the place where the actualexecution ofthe
instructions takes place during the processing operations. All
calculationsareperformedandallcomparisons(decisions)aremadein
theALU.Thearithmeticandlogicunit(ALU)isthepartwhereactual
computationstakeplace.Itconsistsofcircuitsthatperform arithmetic
operations(e.g.addition,subtraction,multiplication,divisionoverdata
receivedfrom memoryandcapabletocomparenumbers(lessthan,
equalto,orgreaterthan).

iii Describeworkingofpurgecontrolactuator. 04
Ans

Figure:PurgeControlActuator.
OR

Figure:PurgeControlActuator.
ThepurgevalveisthepartofthevehicleEvaporativeEmissionControl
(EVAP)system.TheEVAPsystem preventsfuelvaporsinthefueltankfrom
escapingintotheatmosphere.TheEVAPsystem trapsfuelvaporsfrom the
fueltankand temporarilystoresthem inthecharcoalcanister,seethe
diagram.Whentheengineisrunningundercertainconditions,thefuelvapors
arepurgedfrom thecanisterandburnedinsidetheengine.Thepurgevalve
preciselycontrolstheamountoffuelvaporthatispurgedfrom thecharcoal
canister.Inmoderncars,thepurgevalveisanelectrically-operatedsolenoid
thatiscontrolledbytheenginecomputer.Whentheengineisoff,thepurge
valveisclosed.Whentheengineisrunningandfullywarmedup,theengine
computergraduallyopensthepurgevalvetoallow someamountoffuel

Sketch
02

Marks

&
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vaportobemovedfrom thecharcoalcanistertobeburnedintheengine.The
purgeflowismonitoredbyanumberofsensors.Ifthepurgeflowislessor
morethanisexpectedundertheconditions,thecomputerilluminatesthe
"CheckEngine"light.

iv ExplainAntilockBrakingSystem(ABS) 04
Ans

Figure:ABSSystem
TherearefourmaincomponentstoanABSsystem:
i.SpeedSensors:Theanti-lockbrakingsystem needssomewayofknowing
whenawheelisabouttolockup.Thespeedsensors,whicharelocatedateach
wheel,orinsomecasesinthedifferential,providethisinformation.
ii.Valves:ThereisavalveinthebrakelineofeachbrakecontrolledbytheABS.
Onsomesystems,thevalvehasthreepositions.
iii.Pump:Sincethevalveisabletoreleasepressurefrom thebrakes,therehas
tobesomewaytoputthatpressureback.Thatiswhatthepumpdoes;whena
valvereducesthepressureinaline,thepumpistheretogetthepressureback
up.
iv.Controller:Thecontrollerisacomputerinthecar.Itwatchesthespeed
sensorsandcontrolsthevalves.Thecontrollermonitorsthespeedsensorsat
alltimes.Itislookingfordecelerationsinthewheelthatareoutoftheordinary.
Rightbeforewheellocksup,itwillexperiencea rapid deceleration.Ifleft
unchecked,thewheel
wouldstopmuchmorequicklythananycarcould.Itmighttakeacarfive
secondstostopfrom 60mph(96.6kph)underidealconditions,butawheelthat
locksupcouldstopspinninginlessthanasecond.TheABScontrollerknows
thatsucharapiddecelerationisimpossible,soitreducesthepressuretothat
brakeuntilitseesacceleration,thenitincreasesthepressureuntilitseesthe
deceleration again.Itcan do thisveryquickly,beforethetirecan actually
significantlychangespeed.Theresultisthatthetireslowsdownatthesame
rateasthecar,withthebrakeskeepingthetiresverynearthepointatwhich
theywillstarttolockup.Thisgivesthesystem maximum brakingpower.

Sketch
02

Marks

&

Expl.
02

Marks

4(b) AttemptanyONEofthefollowing: 06
I Withthehelpofneatsketchexplainelectroniccontrolsystem usedinCRDI. 06

Ans ElectronicControlSystem usedinCRDI:
InaCRDIsystem,themicroprocessorworkswithinputfrom multiplesensors.
Basedontheinputfrom thesesensors,themicroprocessorcancalculatethe
preciseamountofthedieselandthetimingwhenthedieselshouldbeinjected
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insidethecylinder.Usingthesecalculations,theCRDIcontrolsystem delivers
therightamountofdieselattherighttimetoallow bestpossibleoutputwith
leastemissionsandleastpossiblewastageoffuel.Theinputsensorsinclude
AcceleratorPedalPosition (APP)sensor,crank position sensor,pressure
sensor,lambdasensoretc.Theuseofsensorsandmicroprocessortocontrol
theenginemakesmostefficientuseofthefuelandalsoimprovedthepower,
fuel-economyandperformanceoftheenginebymanagingitinamuchbetter
way.

Figure:BlockDiagram ofElectronicControlSystem usedinCRDI.

Sketch
03

Marks

&

Explain
03

Marks

ii Describethesixstepapproachforcomponenttesting. 06
Ans Sixstepapproachforcomponentstesting:-

1.Collectevidence.
2.Analyzeevidence.
3.Locatethefault.
4.Findthecauseofthefaultandremedyit.
5.Rectifythefault(ifdifferentfrom 4).
6.Testthesystem toverifythatrepairiscorrect.
Sixstepapproachforcomponentstesting:-
1.CollectEvidence-Collectingevidencemeanslookingforallthesymptoms
thatrelatetothefaultandnotjumpingtoconclusions,e.g.becausethesystem
iscontrolledbyanECUitmustbetheECUthatisatfault.Inordertocollectthe
evidenceitisnecessarytoknowwhichcomponentsonthevehicleactuallyform
thepartofthefaultysystem.Thisiswheresoundbasicskillscomein.Ifan
engine controlsystem is malfunctioning because one cylinderhas poor
compressionitisimportanttodiscoverthisatanearlystageofthediagnostic
process.

Six-
½

mark
each

&
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2.AnalyzeEvidence-Inthecaseofpoorcompressionononecylinder,given
aboveasanexample,theanalysiswouldtaketheform ofteststodeterminethe
causeoflowcompression,E.g.burntvalve,blownheadgasketetc.Theanalysis
ofevidence thatis performed willvary according to the system under
investigation.Butthesestepsareobviouslyimportant.
3.Locatethefault-TheProcedurefordoingthisonanelectronicssystem varies
accordingtothetypeoftestequipmentavailable.Itmaybethecasethatthe
system hassomeself-diagnosticswhichwillreadyoutotheareaofthesystem
whichisdefectiveLetusassumethatthisisthecaseandtheself-diagnostics
reportthatanenginecoolanttemperaturesensorisdefective.Howdoyouknow
whetheritisthesensor,orthewiringbetweenitandtheremainderofthe
system?Againthisiswhereagoodbasicknowledgeofthemake-upofthe
system isinvaluable.
4.Findthecauseofthefaultandremedyit-Withelectronicsystem repairitis
oftenthecasethatareplacementunitmustbefitted.However,thismaynotbe
theendofthematter.Iftheunithasfailedbecauseofsomefaultexternaltoit,it
isimportantthatthiscauseoffailureisfoundandremediedbeforefittingthe
newunit.Itisoftennotjustamatteroffittinganewunit.
5.Givethesystem athoroughtest-Testingafterrepairisanimportantaspectof
vehicleworkand especiallyso whereelectronicallycontrolled systemsare
concerned.Inthecaseofintermittentfaults,suchtesting’smayneedtobe
extendedbecausethefaultmayonlyoccurwhentheengineishotandthe
vehicleisbeingusedinaparticularway.
6.Testthesystem toverifythatrepairiscorrect-Itismandatorytotestthe
system sothatitwillverifythatthestepsfollowedduringthetestingarecorrect.
Howeverwecancomeacrossanyfaultthenwehavetofollow thestepwise
procedureoftesting.

Explanati
on

Any
Three

01mark
Each

5 AttemptanyFOURofthefollowing: 16
A Explainapplicationofdiodeasvoltageregulator. 04

Ans Voltageregulatorofchargingsystem:

Thealternatorisavariablespeedmachine.Asthevehiclespeedraisesthe
generatedvoltagerisesandifitisrunwithoutloadtheoutputvoltagecould
reach140volts.Thereforesomecontrolisrequiredanditisprovidebythe
modernelectronicregulator.Theregulatormaintainconstantaveragecurrentin
therotorfieldwindingbyswitchingcurrentONandOFFandtheresultwillbean
alternatoroutputvoltageofabout14.2 volts.Themain componentofthe

Sketch
02

Marks

Desc.
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electronicvoltageregulatoristhezenerdiode.Itactsasasensingelementinan
electronicregulator.Figurershowsasimplifieddiagram ofelectronicvoltage
regulator.
Thisregulatoroperatesasfollows:-
1.Whenthealternatorfirstincreaseisspeedtheoutputwillbebelow the

prescribesetlevel
2.UndertheseconditionstransistorT2willbeswitchedonbyafeedtoitsbase
throughresistorR3.

3.Thisallowsfullfieldcurrenttoflowthusincreasingvoltageoutput
4.Whentheprescribedsetvoltageisreachedthezenerdiodewillconduct.
5.ResistorR1andR2areasimpleseriescircuittosetthevoltageappropriateto
thevalueoftheZDsays14.2V.
6.OnceZDconductstransistorT1willswitchonandpullthebaseofT2downto
ground7.ThisswitchesT2offandsothefieldcurrentisinterruptedcausing
outputvoltagetofall.
8.ThiswillcauseZDtostopconductingT1willswitchoffallowingT2toswitch
backonandsothecyclewillcontinue.

02
marks

B Statedifferenttypesofcomputermemories.EnlistthefunctionofReadOnly
Memory.

04

Ans TypesofComputerMemories:
1.Readonlymemory(ROM)
2.PROM:(ProgrammableReadonlyMemory)
3.EPROM:ErasableProgrammablereadonlymemory
4.EEPROM:ElectricallyErasableProgrammablereadonlymemory
5.RAM:Random accessmemory
6.KeepAlivememory(KAM)
FunctionofReadonlymemory(ROM):

i. Itcontainsafixedpatternof1sand0sthatrepresentpermanent
storedinformation.

ii. ROM containsthebasicoperatingparametersforthevehicle.This
information is used to instructthe computeron whatto do in
responsetoinputdata.TheCPUreadstheinformationcontainedin
theROM,butitcannotwritetoitorchangeit.

iii. ROM memoryisnotlostwhenpowertothecomputerislost

AnyFour
1/2

Mark
Each

&

02
Marks

C Describeworkingofidlespeedactuator. 04
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Ans

Figure:IdleSpeedActuator.
WorkingofIdleSpeedActuator:Inthrottlebodyandportfuelinjectionsystems,
engineidlespeediscontrolledbypassingacertainamountofairflowpastthe
throttlevalveinthethrottlebodyhousing.TheIAC system consistsofan
electricallycontrolledsteppermotororactuatoroperatedbytheECM.TheECM
controlstheidlespeedbyopeningandclosingtheairpassageintotheintake.
TheECM/PCM calculatestheamountofairrequiredforsmoothidlingbasedon
inputdatasuchascoolanttemperature,engineload,andenginespeedand
batteryvoltage.TheECM /PCM thesignalstheIACmotortoextendorretract
theidleaircontrolvalveintheairbypasschannel.

Sketch
02

Marks

&

Desc.
02

Marks

D Drawaneatblockdiagram,toindicatemeasurementoftemperatureinvehicle
instrumentation.

04

Ans

Figure:TemperatureMeasuringInstruments.

Neat
Labeled
Sketch

04
Marks

e WritediagnosisprocedureforThrottlePositionSensor. 04
Ans TestingofThrottleposition(TP)sensor:-Followingprocedureisfollowedto

diagnoseaTPsensor:
Anyfour

Points
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1.WiththeignitionswitchintheRUNposition,connectavoltmeterfrom the
sensorsignalwiretoground.

2.Slowlyopenthethrottleandobservethevoltmeter.
3.Thevoltmeterreadingshouldincreasesmoothlyandgradually.
4.TypicalTPSvoltagereadingsare0.5Vto1Vwiththethrottleintheidle

positions,and3.5Vto4.5Vatwideopenthrottle.
5.Alwaysrefertothevehiclemanufacturer’sspecifications.
6.IftheTPSdoesnothavethespecifiedvoltageorifthevoltagesignalsis

erratic,replacethesensor.

01
Mark
Each

6 AttemptanyFOURofthefollowing: 16
a Describediagnosisuseofbatterytesterandluxmeter. 04

Ans Batterytestersusedfortestingthevariousparameters& conditionsofthe
batterywhilecheckingsignalforsystem diagnosisasfollows:
a.Voltagemeasurement.
b.Resistancemeasurement.
c.CCAvalueMeasurement.
d.Batterycondition.
e.Batteryloadtestetc
UsesofLuxMeter:
a.Usedtomeasurelightintensity.
b.Itisusedinphotographyandvideofilming.
c.CheckintensityoflightsintheautomaticON/OFFheadlightsystem and
automaticheadlightdimmingsystem.

Any
Two
Uses

of
Each

01
Mark
Each

b Explainworkingofcrankshaftpositionsensorwithaneatsketch. 04
Ans

WorkingofCrankshaftPositionSensor:Theprincipleelementsofthesensor
are:
1.Anironrotorwithlobesonit
2.Apermanentmagnet
3.Ametallicpath(thepolepiece)forcarryingthemagneticflux
4.Acoil,woundaroundthemetallicpath,inwhichavoltageisinduced.
Itconsistsofapermanentmagnetwithacoilsurroundingit.A metaltab
passingclosetothemagnetfluxesthemagneticfieldacrossthecoil,whichin
turncausesachangeinthereluctanceofthecoil.Acurrentbeingsentthrough
thecoilwouldchange.Themomentarychangeinthecurrentistheoutputsignal
ofthesensor.Theoutputvoltageisshownbelow:Itshouldbeintherangeof0V
to5V.

Sketch
02

Marks

&

Explain.
02
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c Compareopenloopandcloseloopcontrolsystem. 04
Ans

OpenLoopControlSystem CloseLoopControlSystem

Automaticcorrectioninitsoutput,is
notpossible,itiscalledanopenloop
controlsystem.

Automaticcorrectioninitsoutput,
ispossible,itiscalled an close
loopcontrolsystem.

Thereisnoautomaticcorrectionofthe
variationinitsoutput,itiscalled an
openloopcontrolsystem.

Thisfeedbackautomaticallymakes
thesuitablechangesintheoutput
duetoexternaldisturbance.

Comparing of output (through
feedback)withthedesiredinputdoes
nottakeplaceonitsown

Feedbackistakenfrom outputand
fedintoinput.

Gain is uncontrolled in open loop
system

Gaincanbecontrolledincloseloop
system.

Moreerrors MoreAccurate
Outputmaybeoscillatory/damped Outputismorestable
LessExpensive MoreExpensive
SimpleinConstruction Complicatedinconstruction.

Any
Four
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Mark
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d DescribeEGRvalveactuator. 04
Ans

Figure:EGRValveActuator
EXHAUSTGASRECIRCULATION(EGR)CONTROL:TheECM controlsavacuum
solenoidvalvethatisusedtoopenclosethevacuum circuittoEGRvalve.When
solenoidisenergized,itshutsoffvacuum toEGRvalve.Whensolenoidisde-
energized,itallowsvacuum topassthroughthesolenoidtotheEGRsystem.
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Thesolenoidvalveisenergizedwhencoolanttemperatureisbelow 60°C,at
speedbelow 1200rpm,underheavyloadoratwideopenthrottle.Duringall
otherengineoperatingi.e.partthrottleconditionswithcoolanttemperature
above65°CtheECM de-energizesthesolenoidvalveandallowsthevacuum to
opentheEGRvalve..

e Drawblockdiagram ofelectronicpowersteeringsystem. 04
Ans

Figure:BlockDiagram ofElectronicPowerSteeringUnit
AnElectronicPowerSteering(EPS)system’sadvantageoverahydraulicsystem
isiftheenginestalls,youwillstillhavesteeringassist.Thisadvantagecanalso
beadisadvantageifthesystem shouldshutdownwhiletheengineisrunning
youlosesteeringassist.Electronicpowersteeringsystemseliminatetheneed
forapump,hosesandadrivebeltconnectedtotheengineusingvariable
amountsofpower.TheconfigurationofanEPSsystem canallow theentire
powerassistsystem tobepackagedontherackandpinionsteeringgearorin
thesteeringcolumn.Thesystem doesnotdragontheenginefrom eithera
powersteering pump oralternatorbecause itwillnotprovide assistuntil
requiredbydriverinput.Also,thereisnohydraulicfluid.Therotordirectionis
determinedbythesequenceinwhichvoltageisappliedtocoilA,BorCand
returnedtogroundthroughanattachedpair.ThesequenceforclockwiseisABC
andforcounter-clockwiseitisCBA(showninfigure).Theprimarypurposeof
theEPScontrolleristoprovidemotorcontrol.Theprocessoristheheartofthe
controllerforinputand output.Processoroutputdrivesthethreepairsof
transistorsthatcontroltherotationofthemotor.Primaryinputtotheprocessor
comesfrom thetorquesensorandhandwheelspeedandpositionsensor.The
processoralsoisanintegralpartofthecontrolledareanetwork(CAN)and
vehicledatabussforchassisandpowertraincommunications.Thisdatabuss
suppliesvehiclespeed,enginespeed,ABSandESCinformation.Thecontroller
hasadaptivememoryanddiagnostics.


