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SUMMER–19EXAMINATION
SubjectName: 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

(a) EnlistthefourusesofdiodeinAutomobile. 04

Ans. (AnyFour01MarkEach)

UsesofDiode:
a.Usedinautomobileheadlightsystem.
b.Ignitionsystem.
c.Displaysystem.
d.HeadlightDimmer.
e.TwilightDetectors.
f.ClimateControl-SunlightDetector.

AnyFour
01Mark

Each

(b) Statetheimportanceofdisplaydevicesusedinautomobileapplications.
Listanytwotypesofdigitaldisplaydevices.

04

Ans. (Importance02MarksAnyTwoTypes01markeach)
ImportanceofDisplayDevicesUsedinAutomotiveApplications:
Functionofanyvisualdisplayistocommunicateinformationtothedesired
levelofaccuracy.Mostdisplaysusedinthevehiclemustprovideinstant
data butthe accuracyis notalways important.Analogue displays can
providealmostinstantfeedbackfrom oneshortglance.Forexample,ifthe
needleofthetemperaturegaugeisaboutinthemiddlethenthedrivercan
assumethattheenginetemperatureiswithinsuitablelimits.Adigitalread-
outoftemperaturesuchas98°Cwouldnotbeaseasytointerpret.Thisisa
good example as to why even when digitalprocessing and display
techniquesareused,theactualread-outwillstillbein analogueform.
Numericaland otherforms ofdisplay are,however,used formany
applications.
TheDifferentTypesofDigitalDisplayDevicesare:

1.Fuelquantitylevelmeasurement

2.Coolanttemperaturemeasurement

Importan
ce02
Marks

AnyTwo
Types01

mark
each
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3.Vehiclespeedmeasurement

4.Oilpressuremeasurement

(c) Drawaneatblockdiagram ofabasiccomputerusedinautomobile.
Describethefunctionofanytwocomponents.

04

Ans. (BlockDiagram 02MarksandFunctionofAnyTwo01MarkEach)
1.InputUnit:Dataandinstructionsmustenterthecomputersystem before
anycomputationcanbeperformedonthesupplieddata.Theinputunitthat
linkstheexternalenvironmentwiththecomputersystem performsthistask.
Data and instructionsenterinputunitsin formsthatdepend upon the
particulardeviceused.Itaccepts(orreads)thelistofinstructionsanddata
from theoutsideworld.Itconvertstheseinstructionsanddataincomputer
acceptableformat.Itsuppliestheconvertedinstructionsanddatatothe
computersystem forfurtherprocessing.
2.OutputUnit:Thejobofanoutputunitisjustthereverseofthatofaninput
unit.Itsuppliedinformationandresultsofcomputationtotheoutsideworld.
Thusitlinksthecomputerwiththeexternalenvironment.Itacceptsthe
resultsproducedbythecomputerwhichareincodedform andhencecannot
be easilyunderstood byus.Itconvertsthese coded resultsto human
acceptable(readable)form.Itsuppliedtheconvertedresultstotheoutside
world.
3.StorageUnit:Thedataandinstructionsthatareenteredintothecomputer
system throughinputunitshavetobestoredinsidethecomputerbeforethe
actualprocessingstarts.TheStorageUnitortheprimary/mainstorageofa
computersystem isdesignedtodoallthesethings.Itprovidesspacefor
storingdataandinstructions,spaceforintermediateresultsandalsospace
forthefinalresults.Allthedatatobeprocessedandtheinstructionrequired
for processing. Intermediate results of processing. Finalresults of
processingbeforetheseresultsarereleasedtoanoutputdevice.
4.CentralProcessingUnit:ThemainunitinsidethecomputeristheCPU.
Thisunitisresponsibleforalleventsinsidethecomputer.Itcontrolsall
internalandexternaldevices,performs"ArithmeticandLogicaloperations".
TheoperationsaMicroprocessorperformsarecalled"instructionset"ofthis
processor.ThecontrolUnitandtheArithmeticandLogicunitofacomputer
system arejointlyknownastheCentralProcessingUnit(CPU).TheCPUis
thebrainofanycomputersystem.
inacomputersystem,allmajorcalculationsandcomparisonsaremade
insidetheCPUandtheCPUisalsoresponsibleforactivatingandcontrolling
theoperationsofotherunitsofacomputersystem.
5.ArithmeticandLogicUnit(ALU):Thearithmeticandlogicunit(ALU)ofa
computersystem istheplacewheretheactualexecutionoftheinstructions
takesplaceduringtheprocessingoperations.Allcalculationsareperformed
andallcomparisons(decisions)aremadeintheALU.Thearithmeticand
logicunit(ALU)isthepartwhereactualcomputationstakeplace.Itconsists
ofcircuitsthatperform arithmeticoperations(e.g.addition,subtraction,
multiplication,divisionoverdatareceived from memoryand capableto
comparenumbers(lessthan,equalto,orgreaterthan).

Block
Diagram
02Marks

and
Function
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01Mark
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Figure:BlockDiagram ofaBasicComputerUsedinAutomobile

OR

Figure:BlockDiagram ofaBasicComputerUsedinAutomobile
(d) Explainwithneatsketchtheworkingofidlespeedactuator.

Ans. (Sketch02MarksandWorking02Marks)
Workingofidlespeedactuator:Inthrottlebodyandportfuelinjection
systems,engineidlespeediscontrolledbypassingacertainamount
ofairflowpastthethrottlevalveinthethrottlebodyhousing.TheIAC
system consistsofanelectricallycontrolledsteppermotororactuator
operatedbytheECM.TheECM controlstheidlespeedbyopeningand
closingtheairpassageintotheintake.TheECM/PCM calculatesthe
amountofairrequiredforsmoothidlingbasedoninputdatasuchas
coolanttemperature,engineload,andenginespeedandbattery
voltage.TheECM/PCM thesignalstheIACmotortoextendorretract
theidleaircontrolvalveintheairbypasschannel.

Sketch
02

Marks
and

Working
02

Marks
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Figure:IdleSpeedActuator
1 [B] AttemptanyONEoftheFollowing: 06

(a) Explaintheuseofsemiconductordiodeinvoltageregulationofcharging
system withthehelpofaschematicdiagram.

06

Ans. (Uses04MarksandSketch02Marks)

Figure:ZenerDiodeVoltageRegulator
UseofSemiconductorDiodeinVoltageRegulation:

Topreventthevehiclebatteryfrom beingoverchargedtheregulatedsystem
voltageshouldbekeptbelowthegassingvoltageofthelead-acidbattery.
Accuratevoltagecontrolisvitalwiththeever-increasinguseofelectronic
systems.Voltageregulationisadifficulttaskonavehiclealternatorbecause
oftheconstantlychangingenginespeedandloadsonthealternator.
The outputofan alternatorwithoutregulation would rise linearly in
proportionwithenginespeed.
Zenerdiodeisusedasthesensingelementinanelectronicregulator.A
Zenerdiodeisdesignedtooperateinthebreak-downregion.Atthepoint
thatZenervoltageisreached,alargecurrentflowsinreversebias.This
preventsvoltagefrom climbinganyhigher.ThismakestheZenerdiodean
excellentcomponentforregulatingvoltage.
IftheZenerdiodeisratedat15volts,itwillnotconductinthereverse
directionwhenthevoltageisbelow15volts.At15voltsitwillconductand
thevoltagewillnotincreaseover15volts.Ifasemi-conductordiodeis
reverse-biaseditwillnotconductcurrent.However,ifthereversevoltageis
increased,avoltagelevelwillbereachedatwhichthediodewillconductin
thereversedirection.ThisvoltageiscalledZenervoltage.
ReversecurrentcandestroyasimplePN-typediode,butthediodecanbe

Uses
04Marks

and
Sketch

02Marks
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droppedwithmaterialsthatwillwithstandreversecurrent.
(b) Withaneatsketchexplaintheconstructionandworkingofoxygensensor 06

Ans. (Sketch02Marks,Construction02MarksandWorking02Marks)
ConstructionandWorkingofOxygenSensor:
Theoxygensensoroperatesonthebasisofadifferencebetweentheoxygen
partialpressureofatmosphericairandthepartialpressureofoxygeninthe
exhaustgas.Figureshowsthatthesensorelementisessentiallyacell
(battery).Theplatesaremadefrom platinum whichhavealayerofceramic
zirconiabetweenthem whichactsasanelectrolyte.Theplatinum plates
actsasacatalystsfortheoxygenwhichmakescontactwiththem,andthey
arealsousedtoconductelectricityawayfrom thesensor.Thecatalyzing
actionthattakesplacewhenoxygencontactstheplatinum platescauses
thetransportofoxygenionsthroughtheelectrolyteandthiscreatesthe
electriccurrentthatgivesrisetothee.m.f(voltage)ofthesensor

Figure:OxygenSensor

Sketch
02

Marks,
Construc

tion
02Marks

and
Working

02Marks

2 AttemptanyFOURoftheFollowing: 16
(a) Statethedifferenttypesofcomputermemories.Describethefunctionof

ROM.
04

Ans. (Typesofcomputermemory02MarksandFunctionofROM 02Marks)
1.Readonlymemory(ROM)containsafixedpatternof1sand0sthat
representpermanentstoredinformation.ROM containsthebasicoperating
parametersforthevehicle.Thisinformationisusedtoinstructthecomputer
onwhattodoinresponsetoinputdata.TheCPUreadstheinformation
containedintheROM,butitcannotwritetoitorchangeit.ROM memoryis
not
lostwhenpowertothecomputerislost.
2.PROM:(ProgrammableReadonlyMemory)theinformationinPROM is
usedtodefineoradjusttheoperatingparametersheldinROM.Itcontains
specificdatathatpertainstotheexactvehicleinwhichthecomputeris
installed.
3.EPROM:ErasableProgrammablereadonlymemoryissimilartothePROM
exceptitscontentscanbeerasedtoallownewdatatobeinstalled.
4.EEPROM:ElectricallyErasableProgrammablereadonlymemoryallows
changingtheinformationelectricallyonebitatatime.
5.RAM:Random accessmemory(RAM).TheRAM willstoretemporary

Typesof
computer
memory

02Marks
and

Function
ofROM

02Marks



MAHARASHTRASTATEBOARDOFTECHNICALEDUCATION
(Autonomous)

(ISO/IEC-27001-2013Certified)
__________________________________________________________________________________________________

Page6/6

informationthatcanbereadfrom orwrittentobytheCPU.
6.KeepAlivememory(KAM)isavariationofRAM.KAM isconnected
directlytothebatterythroughcircuitprotectiondevices.Forexample,the
microprocessorcanreadandwriteinformationtoandfrom theKAM,and
eraseKAM information.However,theKAM retainsinformationwhenthe
ignitionswitchisturnedoff.KAM willlosewhenthebatteryisdisconnected,
ifthebatterydrainstoo,orifthecircuitopens.
FunctionofReadonlymemory(ROM):
i.Itcontainsafixedpatternof1sand0sthatrepresentpermanentstored
information.
ii.ROM contains the basic operating parameters forthe vehicle.This
informationisusedtoinstructthecomputeronwhattodoinresponseto
inputdata.TheCPU readstheinformationcontainedintheROM,butit
cannotwritetoitorchangeit.
iii.ROM memoryisnotlostwhenpowertothecomputerislost.

(b) Explainopen–loopcontrolsystem withaneatblockdiagram. 04
Ans. (Explanation02Mark,EquivalentDiagram 02Mark)

Ifinaphysicalsystem thereisnoautomaticcorrectionofthevariationinits
output,itiscalledanopenloopcontrolsystem.Thatis,inthistypeof
system,sensingoftheactualoutputandcomparingofthisoutput(through
feedback)withthedesiredinputdoesnottakeplace.Thesystem onitsown
isnotinapositiontogivethedesiredoutputanditcannottakeintoaccount
thedisturbances.Inthesesystems,thechangesinoutputcanbecorrected
only by changing the inputmanually.These systems are simple in
construction,stableandcostcheap.Butthesesystemsareinaccurateand
unreliable.Moreoverthese systems do nottake accountofexternal
disturbancesthataffecttheoutputandtheydonotinitiatecorrectiveactions
automatically.Anynon-feedbackcontrolsystem canbeconsideredasa
feedbackcontrolsystem ifitisunderthesupervisionofsomeone.Although
openloopcontrolsystemshaveeconomicalcomponentsandaresimplein
design,theylargelydependonhumanjudgment.Asanexample,letus
considerahomefurnacecontrolsystem.Thissystem mustcontrolthe
temperatureinaroom,keepingitconstant.Anopenloopsystem usuallyhas
atimerwhichinstructsthesystem toswitchonthefurnaceforsometime
andthenswitchitoff.Accuracycannotbeachievedasthesystem doesnot
switchon/offbasedontheroom temperaturebutitdoesasperthepre-set
valueoftime.

Explanati
on

02Mark,
Equivalen
tDiagram
02Mark

(c) Drawaneatblockdiagram toindicatecanisterpurgecontrolcircuit. 04
Ans. (NeatLabelledDiagram 04Marks) Neat

Labelled
Diagram
04Marks
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OR

(d) Enlistanyfourautomotive sensors along with theirlocation.State its
function

04

Ans. (Name,Locationandfunctionofeachsensor01Markeach)
[NOTE:Creditshouldbegiventoequivalentanswer]
1.OxygenSensor:-
Function:Usedtomonitortheamountofoxygenintheexhaust.
Location:Locatedinexhaustmanifold.
2.ManifoldAbsolutePressureSensor:-
Function:TheManifoldAbsolutePressureSensor(MAP)suppliesengine
loadinformationtotheenginecontrolmodule.
Location:LocatedinIntakemanifold.
3.CrankshaftPositionSensor:-
Function:Thecrankshaftpositionisusedbythecontrolmoduletocalculate
enginespeedandcylinderposition.
Location:Nearthetoothedwheelofcrankshaft.
4.CoolantTemperatureSensor:-
Function:Usedtomeasuretheenginetemperatureorcoolanttemperature.
Location:TheECTsensorisscrewedintothesideoftheenginewhereitis
exposedtotheenginescoolant.
5.InletAirTemperatureSensor:-
Function:Theintakeairtemperaturesensorisathermistorthatisusedto

Name,
Location

and
function
ofeach
sensor

01Mark
each
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inputairtemperatureinformationtothecontrolmodule.
Location:InIntakemanifold.
6.CamshaftPositionSensor:-
Function:Thecamshaftpositionsensorisusedbythecontrolmoduleto
determinethepositionofthenumberonecylinder.
Location:Sensorscanbemountedinthedistributororinthetimingcover,
facingthecamshaftgear.
7.DetonationSensor:-
Function:Theknocksensorisusedbythecontrolmoduletomonitorengine
detonationorsparkknock.
Location:Theknocksensorcanbefoundatvariouslocationsontheengine
blockorcylinderhead.
8.ThrottlePositionSensor:-
Function:Used to monitorthe position ofthe throttle in an internal
combustionengine.
Location:Inthrottlebody.
9.MassAirFlowSensor:-
Function:UsedtotelltheECUthemassofairenteringtheengine.
Location:Themassairflow sensorislocatedbetweentheaircleanerand
thethrottlebody.

(e) ExplainLowPressureWarningSystem. 04
Ans. (Sketch02MarksandExplanation02Mark)

Lowpressurewarningsystem:Thissystem directlysensestheairpressure
ofeachtirethroughtirepressurewarningsystem valve&transmitterthatare
attachedtoeachwheelandilluminatethetirepressurewarninglightto
inform thedriverofthelow airpressure.Aftertirereplacement,firstly
registertirepressurewarningsystem valve&transmitterIDsintothetire
pressurewarningsystem ECU,andthenstoretheappropriatetirepressurein
theECUusingthetirepressurewarningsystem resetswitch.
1.Combination Meter:Transmits the vehicle speed signalto the tire
pressurewarningsystem ECUforvehiclespeedcorrection.
2.TirePressureWarning Light:TurnsON orblinksto warn thedriverin

accordancewiththesignalfrom thetirepressurewarningsystem ECU,Displays
the2-digitDTC(DiagnosticTroubleCode).
3.TirePressureWarningSystem ResetSwitch:Theappropriateairpressuresof
thetirescurrentlymountedonthevehiclearestoredinthetirepressurewarning
system ECUbyoperatingthetirepressurewarningsystem resetswitch.
4.TirePressureWarningSystem Valve& Transmitter:Detectstheinflation
pressureandinternaltemperatureofthetireandtransmitsthemeasuredvalue
andtheIDnumbertothetirepressurewarningantenna&receiver.
5.TirePressureWarningSystem Antenna&Receiver:Receivesthetirepressure
warningsystem valve&transmittersignalandtransmitsthisdatatothetire
pressurewarningsystem ECU.
6.TirePressureWarningSystem ECU:Receivesthedatafrom thetirepressure
warningsystem antenna&receiverandmonitorsthetireinflationpressure.
Whenthetirepressurewarningsystem ECUdetectsadropinthetireinflation
pressure ora system malfunction,itoutputs the respective signalto the
combinationmeter.

Sketch
02Marks

and
Explanati

on
02Mark
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Figure:LowPressureWarningSystem

(f) ExplainElectronicControlofSuspension. 04
Ans. (Explanation02MarksandSketch02Marks)

Electroniccontrolofsuspension:Itconsistsofspringsshockabsorbersand
variouslinkagestoconnectthewheelassemblytocarframe.Thepurpose
the suspension system isto isolate the carbodymotion asmuch as
possiblefrom wheelmotionduetoroughroadinput.Theperformanceof
suspensionsystem isstronglyinfluencedbythedampingofshockabsorber
Thecontrolsystem foratypicalactivesuspensionsystem isshowninthe
blockdiagram.Itisintheform ofamicrocontrollerormicroprocessorbase
digitalcontrollertheinputsforeachsensoraresampledconvertedtodigital
formatandstoredinthememorythesamplingistypicallyatabout500Hz.
Inthiscontrolconfigurationtherelativepositionandmotionofthewheelof
thewheelbody(sprungmass)acceleration,therelativepositionandmotion
ofthewheelbody.(Unsprungorsprungmass)thesteeringwheelinputand
vehiclespeed.Thebodyaccelerationmeasurementcanbeusedtoevaluate
ridequality.Thecontrollerdiesthisbycomputing weighted averageof
spectrum oftheaccelerationtherelativebodyorwheelmotioncanbeused
toestimatetireforce.

Explanati
on

02Marks
and

Sketch
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Figure:ElectronicSuspensionSystem
3 AttemptanyFOURoftheFollowing: 16

(a) Convert(624)10intoequivalentbinarynumberandwritethestepsinvolved. 04
Ans. (CorrectequivalentAnswer01MarksandSteps03Marks)

(624)10=0000111001
(624)10

2 624 0

2 312 0

2 156 0

2 78 0

2 39 1

2 19 1

2 9 1

2 4 0

2 2 0

2 1 1

Correct
Equivalen
tAnswer
01Marks

and
Steps03

Marks

(b) Explaintheconceptofsignalconditioning. 04
Ans. (Explanation02MarksandSketch02Marks) Explanati
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SignalConditioning:
Theinputand/oroutputsignalsmayrequireconditioninginordertobeused.
Thisconditioningmayincludeamplificationand/orsignalconversion.Some
inputsensors,suchastheoxygen(O2)sensor,produceaverylow voltage
signaloflessthan1V.Thissignalalsohasanextremelylow currentflow.
Therefore,thistypeofsignalmustbeamplified,orincreased,beforeitis
sentto the microprocessor.This amplification is accomplished bythe
amplificationcircuitintheinputconditioningchipinsidethecomputer.For
thecomputertoreceiveinformationfrom thesensor,andtogivecommands
toactuators,itrequiresaninterface.Thecomputerwillhavetwointerface
circuits:inputandoutput,Thedigitalcomputercannotacceptanalogsignals
from thesensorsandrequiresaninputinterfacetoconverttheanalogsignal
todigital.Theanalogtodigital(A/D)convertercontinuallyscanstheanalog
inputsignalsatregularintervals,Forexample,iftheA/Dconvertorassignsa
numericvaluetosignalat5VtheA/Dconverterassignsanumericvaluethis
specificvoltage.TheA/D converterthenchangesthisnumericvalueto
binarycode.Also,someofthecontrolledactuatorsmayrequireananalog
signal.Inthisinstance,anoutputdigitaltoanalog(D/A)converterisused.

Figure:SignalConditioning

on
02Marks

and
Sketch

02Marks

(c) ExplainCANbussystem withneatblockdiagram. 04
Ans. (Explanation02MarksandSketch02Marks)

CAN bussystem:CAN (ControllerArea Network)isan example ofan
automotivedigitaldata system.Itwasdeveloped bytheRobertBosch
CompanyinGermany.CANisaserialsynchronouscommunicationprotocol
thatconnects electronic controlmodules,sensors and actuators.The
twisted pair of the CAN bus system minimizes electrically initiated
interferenceandvirtuallyeliminatesthepossibilityofmessagesbecoming
corrupted.ThemajorfeatureoftheCANbussystem are:

i. Prioritycontrolledmessagetransmission.
ii. Lowcotsthroughtheuseofalowcosttwistedtwowirecableand

Explanati
on

02Marks
and

Sketch
02Marks
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useofsimpleprotocolwithlowpowerdemand.
iii. Adatatransferrateupto1MBPSforthehighspeedCAN(CAN-C)

andupto125KBPSforthelowspeedCAN(CAN-B)
iv. Highreliabilityofdatatransfer

BlockDiagram ofCAN BusSystem:A typicalexampleoftheCAN bas
system usedinRovervehicleisdescribedbelow.ATwowireCANbusthat
can operate athigh data transmission speeds ofup to 500k band
(500000bits/sec)isshowninthebelowfigure.
1.Automatictransmissioncontrolunit
2.Enginecontrolmodule
3.ABS/TractioncontrolECU
4.InstrumentPack.

Figure:CANBusSystem
(d) ExplainwithneatsketchworkingofEGRvalve. 04

Ans. (Explanation02MarksandSketch02Marks)
MostearlyEGRvalveswerevacuum-operated.Avacuum diaphragm opened
andclosedavalve,allowingandcuttingoffexhaustflow.Anearlyrefinement
wasatemperature-controlledshut-offinthevacuum source.ThiskepttheEGR
valvefrom openingwhentheenginewastoocool.Thecoolenginedidnot
requireEGRandcuttingitoffmadetheenginerunsmoother.EGRflowisalso
undesirableatothertimes,forinstanceatidle.Atverylowspeed,combustion
temperatureisnaturallylower.Addingexhaustgasatlow speedcancause
roughidle.ThepositivebackpressureEGR valvehelpedsolvethisproblem.
Similartoastandardvacuum model,thepositiveback-pressuredesignhasa
hollow valvestem.Thisallowsexhaustgaspressuretopushagainstaspring
loaded vacuum valve.When backpressurerises,such ason acceleration,
exhaustpressureclosesthespring-valveandsealsthevacuum opening.This
allowsanenginevacuum toopentheEGRvalve.Whenbackpressureislow,
suchasatanidle,thespringopensthevacuum port.Engine-vacuum isbledoff
andtheEGR valvecloses.ThedesignchangehascausedmanygoodEGR
valvestobereplacedneedlessly.

Explanati
on

02Marks
and

Sketch
02Marks
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Figure:EGRValveClosed
(e) DescribetheprocedureusedtoindicatetheTDCreferencemarkofcylinder

No.1totheECM.
04

Ans. (DetailedProcedure01Markforeachstep)
ProcedureusedtoindicatetheTDCreferencemarkofcylinderNo.1tothe
ECM:

 Thecamshaftandcrankshaftpositionsensorsarecollectivelyused
todeterminetheexactpositionofthenumber1cylinderinrespectto
topdeadcenteronthecompressionstroke.

 ThesetwosensorsareeitheraHallEffectormagneticreluctant
controlled devices.The HallEffect-type sensormakes use ofa
notchedringandanelectromagneticsensor.Thesensorisstationary
whilethenotchedring,calledaninterrupter,passesthroughit.

 Passingthenotchesonthewheelthroughthesensorproducesa
signal,whichisthensenttothePowertrainControlModule(PCM)
representingthepositionofthecrankshaftorcamshaftrelativetotop
deadcenteronthenumber1cylinder.

 The magnetic reluctantsensoruses a rare earth magnetand a
winding ofwire.Asthetriggerwheelpassesnearthesensorit
generatesanACvoltagesignal,whichissenttothePCM.

 Theintroductionofthecrankandcam sensorshelpedtoeliminate
thevariancesinignitiontimingsignalssoprevalentinadistributor
controlledignitionengine.

Detailed
Procedur

e01
Markfor

eachstep

4 [A] AttemptanyTHREEoftheFollowing: 12
(a) Draw aneatblockdiagram indicatingelectroniccontrolsystem usedin

CRDI.
04

Ans. (Description02MarksBlockDiagram 02Marks)
Electroniccontrolsystem usedinCRDI
InaCRDIsystem,themicroprocessorworkswithinputfrom multiple
sensors.Basedontheinputfrom thesesensors,themicroprocessorcan
calculatethepreciseamountofthedieselandthetimingwhenthediesel
shouldbeinjectedinsidethecylinder.Usingthesecalculations,theCRDI
controlsystem deliverstherightamountofdieselattherighttimetoallow
bestpossibleoutputwithleastemissionsandleastpossiblewastageof
fuel.TheinputsensorsincludeAcceleratorPedalPosition(APP)sensor,
crankpositionsensor,pressuresensor,lambdasensoretc.Theuseof

Descripti
on02
Marks
Block

Diagram
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sensorsandmicroprocessortocontroltheenginemakesmostefficientuse
ofthefuelandalsoimprovedthepower,fuel-economyandperformanceof
theenginebymanagingitinamuchbetterway.

Figure:BlockDiagram ofElectronicDieselControlUnit
(b) ExplaintheworkingofElectronicPowerSteeringSystem. 04

Ans. (Description02MarksBlockDiagram 02Marks)
AnElectronicPowerSteering(EPS)system’sadvantageoverahydraulic
system is ifthe engine stalls,you willstillhave steering assist.This
advantagecanalsobeadisadvantageifthesystem shouldshutdownwhile
theengineisrunningyoulosesteeringassist.Electronicpowersteering
systemseliminatetheneedforapump,hosesandadrivebeltconnectedto
theengineusingvariableamountsofpower.TheconfigurationofanEPS
system canallowtheentirepowerassistsystem tobepackagedontherack
andpinionsteeringgearorinthesteeringcolumn.Thesystem doesnotdrag
ontheenginefrom eitherapowersteeringpumporalternatorbecauseitwill
notprovideassistuntilrequiredbydriverinput.Also,thereisnohydraulic
fluid.Therotordirectionisdeterminedbythesequenceinwhichvoltageis
appliedtocoilA,BorCandreturnedtogroundthroughanattachedpair.The
sequencefor
clockwiseisABCandforcounterclockwiseitisCBA(showninfigure).The
primarypurposeoftheEPS controlleristo providemotorcontrol.The
processoristheheartofthecontrollerforinputandoutput.Processor
outputdrivesthethreepairsoftransistorsthatcontroltherotationofthe
motor.Primaryinputtotheprocessorcomesfrom thetorquesensorand
handwheelspeedandpositionsensor.Theprocessoralsoisanintegralpart
ofthecontrolledareanetwork(CAN)andvehicledatabussforchassisand
powertraincommunications.Thisdatabusssuppliesvehiclespeed,engine

Descripti
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Diagram
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speed,ABSandESCinformation.Thecontrollerhasadaptivememoryand
diagnostics.

Figure:BlockDiagram ofElectronicPowerSteeringUnit
(c) Listthesixstepsfollowedduringcomponenttesting.Explainanyonestepin

detail.
04

Ans. (ListoftheSixSteps02MarksandExplanationofanyone02Marks)
Sixstepapproachforcomponentstesting:-
1.Collectevidence.
2.Analyseevidence.
3.Locatethefault.
4.Findthecauseofthefaultandremedyit.
5.Rectifythefault(ifdifferentfrom 4).
6.Testthesystem toverifythatrepairiscorrect.
Sixstepapproachforcomponentstesting:-(eachOne-1mark)
1.CollectEvidence-Collectingevidencemeanslookingforallthesymptoms
thatrelatetothefaultandnotjumpingtoconclusions,e.g.becausethe
system iscontrolledbyanECUitmustbetheECUthatisatfault.Inorderto
collecttheevidenceitisnecessaryto know whichcomponentsonthe
vehicleactuallyform thepartofthefaultysystem.Thisiswheresoundbasic
skillscomein.Ifanenginecontrolsystem ismalfunctioningbecauseone
cylinderhaspoorcompressionitisimportanttodiscoverthisatanearly
stageofthediagnosticprocess.
2.AnalyzeEvidence-Inthecaseofpoorcompressionononecylinder,given
aboveasanexample,theanalysiswouldtaketheform ofteststodetermine
thecauseoflowcompression,E.g.burntvalve,blownheadgasketetc.The
analysisofevidencethatisperformedwillvaryaccordingtothesystem
underinvestigation.Butthesestepsareobviouslyimportant.
3.Locatethefault-TheProcedurefordoingthisonanelectronicssystem
variesaccordingtothetypeoftestequipmentavailable.Itmaybethecase
thatthesystem hassomeself-diagnosticswhichwillreadyoutotheareaof
thesystem whichisdefectiveLetusassumethatthisisthecaseandthe
self-diagnostics reportthatan engine coolanttemperature sensoris
defective.Howdoyouknowwhetheritisthesensor,orthewiringbetweenit
andtheremainderofthesystem?Againthisishereagoodbasicknowledge
ofthemake-upofthesystem isinvaluable.
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4.Findthecauseofthefaultandremedyit-Withelectronicsystem repairit
isoftenthecasethatareplacementunitmustbefitted.However,thismay
notbetheendofthematter.Iftheunithasfailedbecauseofsomefault
externaltoit,itisimportantthatthiscauseoffailureisfoundandremedied
beforefittingthenewunit.Itisoftennotjustamatteroffittinganewunit.
5.Givethesystem athoroughtest-Testingafterrepairisanimportant
aspectofvehicleworkandespeciallysowhereelectronicallycontrolled
systemsareconcerned.Inthecaseofintermittentfaults,suchtesting’smay
needtobeextendedbecausethefaultmayonlyoccurwhentheengineis
hotandthevehicleisbeingusedinaparticularway.
6.Testthesystem toverifythatrepairiscorrect-Itismandatorytotestthe
system sothatitwillverifythatthestepsfollowedduringthetestingare
correct.Howeverwecancomeacrossanyfaultthenwehavetofollowthe
stepwiseprocedureoftesting.

(d) Explaintheuseofbatterytesterintestingofanautomotivebattery. 04
Ans. (AnyFourUses01MarkEach)

Batterytestersusedfortestingthevariousparameters&conditionsofthe
battery:
a.Voltagemeasurement.
b.Resistancemeasurement.
c.CCAvalueMeasurement.
d.Batterycondition.
e.Batteryloadtestetc

Any
Four
Uses

01Mark
Each

4 [B] AttemptanyONEoftheFollowing: 06
(a) Explainwithneatsketch,constructionandworkingofoilflowmeasurement

sensor.
06

Ans. (Construction02Marks,Working02MarksandSketch02Marks)

Figure:OilFlowSensor
ConstructionofOilFlowMeasurementSensor:
Thevanetypeoilflowmeasurementconsistsoflightlyspringloadedvalve
thatmovesasideasoilflowincreases.Thevalveistiedtoarheostat,atype
ofvariableresistor.
OperationofOilFlowSensor:-
Thechangeincurrentintheresistorcircuitisthesensorsignal.Alsousedis
acarbonfilm resistorwithvariableareaconnectedtotheoilflow meter
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plate.Itgivesasignalthatvariesair/fuelratiowithdemand.
(b) ExplaintheworkingofABSsystem withneatsketch.Statefouradvantages

ofABS.
06

Ans. (Explanation02Marks,Sketch02MarksandAnyfouradvantages½ Mark
Each)
Working:
TherearefourmaincomponentstoanABSsystem:

i. SpeedSensors:Theanti-lockbrakingsystem needssomewayof
knowingwhenawheelisabouttolockup.Thespeedsensors,
which are located ateach wheel,orin some cases in the
differential,providethisinformation.

ii. Valves:Thereisavalveinthebrakelineofeachbrakecontrolled
bytheABS.Onsomesystems,thevalvehasthreepositions.

iii. Pump:Sincethevalveisabletoreleasepressurefrom thebrakes,
therehastobesomewaytoputthatpressureback.Thatiswhat
thepumpdoes;whenavalvereducesthepressureinaline,the
pumpistheretogetthepressurebackup.

iv. Controller:Thecontrollerisacomputerinthecar.Itwatchesthe
speedsensorsandcontrolsthevalves.Thecontrollermonitors
thespeedsensorsatalltimes.Itislookingfordecelerationsinthe
wheelthatareoutoftheordinary.Rightbeforewheellocksup,it
willexperiencearapiddeceleration.Ifleftunchecked,thewheel
wouldstopmuchmorequicklythananycarcould.Itmighttakea
carfivesecondstostopfrom 60mph(96.6kph)underideal
conditions,butawheelthatlocksupcouldstopspinninginless
than a second.The ABS controllerknows thatsuch a rapid
decelerationisimpossible,soitreducesthepressuretothatbrake
untilitseesacceleration,thenitincreasesthepressureuntilit
seesthedecelerationagain.Itcandothisveryquickly,beforethe
tirecanactuallysignificantlychangespeed.Theresultisthatthe
tireslowsdownatthesamerateasthecar,withthebrakes
keepingthetiresverynearthepointatwhichtheywillstarttolock
up.Thisgivesthesystem maximum brakingpower

Figure:ABSSystem
AdvantagesofABSSystem:
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1.Anti-lockbrakingsystem (ABS)guaranteesstablebrakingcharacteristics
onallroadsurfaces,henceavoidsoverturningofthevehicle.

2.ABSreducesfrictiononwheelsandroad,thusincreasestheefficiencyof
tires(upto30%).

3.TheVehiclewithABScanbestoppedatalesserdistancethananon
ABSvehicle.

4.Steeringcontroliseffective,i.e.,thevehiclecanbesteeredsmoothly
whilebraking.Thusminimizestheaccidents.

5.AdriverwithoutexperiencecandriveABSvehicleeffectively,thenan
experienceddriveronthenon-ABSvehicle

5 AttemptanyFOURoftheFollowing: 16
(a) Statethetypesoferrorsandexplainerrorcompensation. 04

Ans. (Any Two Types of Error 01 Mark each and Explanation of Error
Compensation02Mark)
Typesoferror:-(AnyTwo)
1)Grosserror
2)Systematicerror
3)Random error
ErrorCompensation:errorincomputationorinrecordingofaccountingdata,
thatisneutralized(counterbalanced)byanequalandoppositeerror.since
compensatingerrorsdonotshowupinthetotal,theyaredifficulttolocate
throughstatisticalmethods

AnyTwo
Types

ofError
01Mark
eachand
Explanati

onof
Error

Compens
ation

02Mark
(b) DescribetheapplicationsofGlobalPositioningSystem usedasanavigation

system incar.
04

Ans. (CorrectDescription04Marks)
[NOTE:Creditshouldbegiventosketchalso]
GlobalPositioningSystem (GPS):
TheGlobalPositioningSystem (GPS)isaspace-basednavigationsystem
thatprovides location and time information in allweatherconditions,
anywhereonorneartheEarthwherethereisanunobstructedlineofsightto
fourormoreGPSsatellites.
GPSsystemsaremadeupof3segments:-

1.SpaceSegment(SS)
2.ControlSegment(CS)
3.UserSegment(US)

1.SpaceSegment:
GPSsatellitesflyincircularorbitsatanaltitudeof20,200km andwitha
periodof12hours.Poweredbysolarcells,thesatellitescontinuouslyorient
themselvestopointtheirsolarpanelstowardthesunandtheirantenna
towardtheearth.OrbitalplanesarecenteredontheEarth.Eachplanehas
about55°tiltrelativetoEarth'sequatorinordertocoverthepolarregions.
Eachsatellitemakestwocompleteorbitseachsiderealday.Sidereal-Time
ittakesfortheEarthtoturn360degreesinitsrotation.Itpassesoverthe
samelocationonEarthonceeachday.
2.ControlSegment:TheCSconsistsof3entities:
(i)MasterControlStation:-Themastercontrolstation,locatedatFalconAir
Force Base in Colorado Springs,Colorado,is responsible foroverall
managementoftheremotemonitoringandtransmissionsites.
(ii)Monitorstation:-Eachofthemonitorstationscheckstheexactaltitude,
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position,speed,andoverallhealthoftheorbitingsatellites.Thecontrol
segmentusesmeasurementscollectedbythemonitorstationstopredict
thebehaviorofeachsatellite'sorbitandclock.Thepredictiondataisup-
linked,ortransmitted,tothesatellitesfortransmissionbacktotheusers.
(iii)GroundAntennas:-Groundantennasmonitorandtrackthesatellites.
Theyalsotransmitcorrectioninformationtoindividualsatellites.
3.UserSegment:Theuser'sGPSreceiveristheUSoftheGPSsystem.GPS
receiversaregenerallycomposedofanantenna,tunedtothefrequencies
transmittedbythesatellites,receiver-processors,andahighly-stableclock,
commonlyacrystaloscillator.Theycanalsoincludeadisplayforshowing
locationandspeedinformationtotheuser.

Figure:GPSSystem
(c) Writetheprocedureforcheckinganoxygensensorwithadigitalmultimeter. 04

Ans. (AnyFourSteps01MarkEach)
TestingofOxygenSensorwithaDigitalMultimeter:-
Followingprocedureisfollowedtodiagnoseanoxygensensor.
1.Disconnecttheconnectoroftheoxygensensor.
2.Starttheengineandwarm-upfor2minutesat3000rpm undernoload
conditions.
3.Raisetheenginespeedto4000rpm andreleasethethrottlesuddenlyfor
atleast5times.
4.Withinoneminuteaftertheenginehasbeenwarmedup,measurethe
voltagebetweentheconnectorterminalandbodyground.
5.Thevoltageshouldbebelow0.4Volts.
6.Replacetheoxygensensorifthevoltagesareoutoftheaboverange.

Any
Four

Steps
01Mark

Each

(d) DescribetheprocedureofdiagnosingMPFIsystem. 04
Ans. (AnyFourSteps01MarkEach)

FollowingprocedureshallbefollowedfordiagnosingMPFIsystem:
1)ConnecttheBoschKTS180scannerwiththepinconnectorofECM.
2)Startdiagnosticprocedureasperrecommendedprocedure.
3)Checktheactualvalueofsensorfordesiredvoltageresistance.
4)GointheerrormemorytocheckforerrorsortheDTCs.
5)TheSAEJ2012standardsareusedforfindingaparticularDTC
(diagnosticTroubleCodes).

Any
Four

Steps
01Mark

Each

(e) Describeapplicationofoscilloscopewhilecheckingalternatoroutputsignal. 04
Ans. (CorrectDescription02MarksandSketch02Marks)

Checkingthespeedsensoroutputsignalusingoscilloscope:
Connectanoscilloscopetothetwooutputwires.Whiletakingascope
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readingsspinthetyre(atleastoncepersecond)andlookforauniform sine
wave.TypicalVRandHallEffectsensorwaveformsareshownbelow.The
VRsensorgeneratesasinehavesignalwithamplitudeproportionaltoRPM.
Itdoesnotrequireanexternalpowersource.Minimum signalrequirementto
triggertheECM is1voltpeak-peakwitha2.7KOhm loadonthesensor
output.HallEffectsensorsalwaysrequireanexternalpowersupplyandpull-
upresistor.HallEffectsensorsarecapableofzero-speedsensingandthe
signaloutputisasquarewavewithamplitudeindependentofRPM.

Figure:OscilloscopewhileCheckingAlternatorOutputSignal

Marks
&

Sketch
02Marks

(f) DrawasketchofLEDandphotodiodearrangementusedinignitionsystem.
Describeitsoperation.

04

Ans. (Description02MarksandSketch02Marks)

Figure:LEDandPhotodiodeArrangement
Operation:Anopticaltriggeringmechanism consistofalightemittingdiode
(LED)andlightsensitivephototransistor(photocell)andalsoaslotteddisc
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calledalightbeam interrupter.Theslotteddiscisattachedtothedistributor
shaft.TheLEDandphotocellaresituatedoverandundertheslotteddisc
oppositeofeachother.AstheslotteddiscrotatesbetweentheLEDandthe
photocell,lightfrom LEDshinesthroughtheslots.Theintermittentflashes
oftheLEDaretranslatedintovoltagepulsesbythephotocell.Wherethe
voltagesignaloccurs,thecontrolunitturnsONtheprimarycircuit.Whenthe
discinterruptsthelightandthevoltagesignalisnotgiventhecontrolsystem
turnstheprimarycircuitOFFcausingthemagneticfieldintheprimarycoilto
collapseandsendingahighvoltagecurrenttosparkplugthroughsecondary
winding.

6 AttemptanyFOURoftheFollowing: 16
(a) Statetheinstrumentsusedformeasuringfollowingparameters:

(i) Speed
(ii) Level
(iii) Distance
(iv) Temperature

04

Ans. (CorrectAns01MarkEach)
(i) Speed:Tachometer,Speedometer,Incrementalencoder,Tacho-

generator,Pyroelectricsensors
(ii) Level:Floats,DifferentialPressure
(iii) Distance:Scale,Tape,Potentiometer,Strain-gauged element,

Capacitive element,Differentialtransformers,Eddy current
proximitysensors,Inductiveproximityswitch,Opticalencoders,
Pneumaticsensors,Proximityswitches(magnetic),Halleffect
sensors

(iv) Temperature: Thermocouple, Thermometer, Thermistors,
Bimetallic strips, Resistance temperature detectors,
Thermistors,Thermo-diodes and transistors,Thermocouples,
Lightsensors,Photodiodes,Photoresistors,Phototransistor

Correct
Ans

01Mark
Each

(b) Describethetestingproceduretoconductatestonanyoneautomotive
actuator.

04

Ans. (TestingProceduretoConductaTestonanyoneAutomotiveActuator04
Marks)

1.TestingofOxygenActuator:-
FollowingprocedureisfollowedtodiagnoseanOxygensensor.

 Disconnecttheconnectoroftheoxygensensor.
 Starttheengineandwarm-upfor2minutesat3000rpm underno

loadconditions.
 Raisetheenginespeedto4000rpm andreleasethethrottlesuddenly

foratleast5times.
 Withinoneminuteaftertheenginehasbeenwarmedup,measurethe

voltagebetweentheconnectorterminalandbodyground.
 Thevoltageshouldbebelow0.4Volts.
 Replacetheoxygensensorifthevoltagesareoutoftheaboverange.
2.TestingofIntakeairtemperature(IAT)sensorandEnginecoolant

temperature(ECT)Actuator:-
FollowingprocedureisfollowedtodiagnoseanIATsensor.

 RemoveIATsensorfrom theengine.
 Placeitinacontainerofwaterwiththermometer.
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 Makesurethatmorethanhalfoftheconnectorissubmergedinthe
water.

 Connectapairofohmmeterleadstothesensorterminals.
 Heatthe waterin the containerand measure the resistance at

differenttemperatures.
 Thesensorshouldhavethespecifiedresistance0.98to1.34KΩat

400Cand0.22to0.35KΩat800C.
 Replacethesensoriftheresistancevaluesareoutsidetherange.
3.TestingofThrottleposition(TP)Actuator:-

FollowingprocedureisfollowedtodiagnoseaTPsensor:
 WiththeignitionswitchintheRUNposition,connectavoltmeterfrom

thesensorsignalwiretoground.
 Slowlyopenthethrottleandobservethevoltmeter.
 Thevoltmeterreadingshouldincreasesmoothlyandgradually.
 TypicalTPSvoltagereadingsare0.5Vto1Vwiththethrottleinthe

idlepositions,and3.5Vto4.5VatwideopenthrottleAlwaysreferto
thevehiclemanufacturer’sspecifications.

 IftheTPSdoesnothavethespecifiedvoltageorifthevoltagesignals
iserratic,replacethesensor.

4.Manifoldabsolutepressure(MAP)Actuator:-
FollowingprocedureisfollowedtodiagnoseanECTsensor.

 TurntheignitionON(engineOFF).
 Measurethevoltage(orfrequency)ofthesensoroutput.
 Usingahandoperatedvacuum pump,applyvacuum tothesensor.
 Agoodpressureshouldchangevoltage(orfrequency)inrelationto

theappliedvacuum.
 Ifthesignaldoesnotchangeorthevaluesareoutofrangeaccording

tothemanufacturer’sspecifications,thesensormustbereplaced.
(c) Statethedifferenttypesofcommunicationsystem usedinautomobile.

StatefunctionofBluetoothTechnology.
04

Ans. (Types02MarksandFunctionofBluetooth02Marks)
Typesofcommunicationsystem usedinautomobile:(AnyFour-1/2mark
each)
1.Bluetooth
2.Wi-Fi
3.CANBus
4.LINBus
5.GSM Network
6.Opticfibers.
7.Ethernet
FunctionofBluetoothTechnology:
Bluetoothisdesignedtosupportpersonalareanetwork(PAN)toreplace
wiredcablebetweennearbydevices.Bluetoothisausedtopairmobile
phonestovehicles.Suchpairingenablehandsfreecallingfrom thevehicle.
Itallowsavehicleembeddeddisplayunittobeusedtocontrolmobiles
phonesandallowsamobilesphonetousethevehicleembeddedsound
systems.It also enables making emergency calls during accidents,
downloadingdigitalcontacts,travelinformationorsoftwareupdates,andto

Types
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accesstointernet.
(d) Explaintheworkingofcrankshaftpositionsensor. 04

Ans. (Working-3MarksAndSketch-1Marks)

WorkingofCrankshaftPositionSensor:Theprincipleelementsofthesensor
are:
1.Anironrotorwithlobesonit
2.Apermanentmagnet
3.Ametallicpath(thepolepiece)forcarryingthemagneticflux
4.Acoil,woundaroundthemetallicpath,inwhichavoltageisinduced.
Itconsistsofapermanentmagnetwithacoilsurroundingit.Ametaltab
passingclosetothemagnetfluxesthemagneticfieldacrossthecoil,which
inturncausesachangeinthereluctanceofthecoil.Acurrentbeingsent
throughthecoilwouldchange.Themomentarychangeinthecurrentisthe
outputsignalofthesensor.Theoutputvoltageisshownbelow:Itshouldbe
intherangeof0Vto5V.

Working
03Marks

And
Sketch

01Marks

(e) Explaintheconversionofanalogtodigitalsignalwithsuitablesketch 04
Ans. Analog to DigitalConversion:Analog to digitalconversion isnecessary

becausemanysensorsignalsareofanalog(varyingvoltage)form.Inorder
forthecontrolcomputer(ECU)tofunctiontheseanalogsignalsmustbe
converted to binarycodes (digitalsignals).Conversion from an analog
voltagetoadigitalcodecanbedoneinanumberofways.Figureshowsone
type ofA/D converterthatis known as a ‘flash’converter.The flash
converterconsistsoffourcomparatorsandanencodercircuitwhichtakes
thecomparatoroutputsandconvertsthem intoabinarycode.Anelectronic
comparatorisacircuitwhichcontinuouslycomparestwosignals.Oneofthe
inputs,ateachcomparatorisareferencevoltage.Whentheinputvoltage
matches the reference voltage the comparatoroutputs logic 1.The
referencevoltagesshowninthefigureare1Vupto4V.Tableshowsthe
input/outputperformanceoftheconverter.
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FlashTypeAnalogtoDigitalConverter


