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AnAutomaticTestEqulPmentforAutomotive

EnglneIgnitors
●

KENZOWATANABE，MEMBER，IEEE，ANDMASAYUKIMOCHIZUKI

AbstTVCt－Equipment has been developed for testing automotive

englTte唱nitorsautomatically・Itconsistsofamicrocomputer，englne

simulator，andmeasuIementunit・Giventheignitorspecificationsto

betested，themicrocomputercalculatestheenglrLeStateandsetsit

intotheenglneSimulator．Thesimulatorthenproducesthes卸als
necessarytooperatetheかitor．TheadvanceangleandthedwelItime
oftheignitofaremeaSuredbythemeasurementunitwiththeaccu－

racyofO．lOincrankangleandofO・lms，feSpeCtively・Thisprocess

isrepeatedunt止authetestitemsarecovered・Timerequiredforthe

testisonlyafewseconds・Theresultisplotted，ifdesired，aSafunc－

tionofenglneSPeedandload・

F　　　　　　　　　I．INTRODUCTION
ORTHELAST15years，autOmOtiveelectronicshasmade

great progresstogetherwithsemiconductortechnology・

Themotivationwasthesocialneedofprotectinganenviron・

mentagainstexhaustpollutantsandofsavingenergyresources・

Therefbre，emPhasishasbeenplacedontheelectronicenglne

control．Thenrstsuchsystemwasafu11ytransistorizedignl－

torll］．ThehighSparkenergyproducedbythisignitorhas

madeitpossibletoignitealeanfuelmixture，andtherebyto

reducepondtantsaswellasthefuelconsumption・Following

thehigh－energyignitor，theelectromicadvancesystemssuch
asLeanBurnofChryslerl2］，EECofFordl3］，andMISAR

ofGM【4］havebeendevelopedtocontrolthesparktiming

asafunctionofenginespeed，load（manifbldpressure），tem・

perature，andrecirculatedrateofexhaustgas・
Thereis no doubt that theseinnovative systemshave，in

combination with the recentfue1－metering systems，greatly

improved the perfbrmanceofmodernvehiclesl5］・Their

faultsare，however，fataltoautomobiles，andthustheypose

anewenglneerlngPrOblemofqualitymanagement，diagnosis，

andmaintenancel6］．TosoIvethisproblem，autOmatictest

equipment（ATE）has been developed whichallowsquick

characterizationofengineignitors・Afewsystemshavebeen

alreadyproposedtothisaiml7］，【81，buttheyarenotversa－

tile because they are hardware－Oriented systems・In the

presentATE，anthatisrequiredfbranoperatortodoisto

lnPutthespecincationsoftheignitortobetested・TheATE

thenproceedstomeasurethesparktimingandthedwelltime・

This paper describesitsconstruction andthe prmciplesof

operation・Testexamplesarealsopresented・
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Fig．1．Theblock diagram oftheautomatictestequlPmentfbrauto・

motiveenglneignitors．

ⅠⅠ．SYSTEM DESCRIPTION

A　肋r血reArc鋸rec助re

TheblockdiagramoftheATEisshowninFig・1・Itcon・

sistsofthe microcomputerumit，the englne Simulator，and

themeasurementumit．Thetestisacco血phshedasfonows．

First，an OPeratOr SPeCines theinput signals necessaryto

operatetheignitorundertestandtherangesofenginespeed

andload（manifoldpressure）tothemicrocomputerthrough

akeyboard・Basedonthese specincations，themicrocom・

putercalculatesthe触tenglneStateandsendsittotheen・
ginesimulator・Thesimulatorthengenerateithesignalsand

operatestheignitor・Thegeneratedsignalsincludetherefbr・

ence（REF），POSition（POS），andangle（AGL）signalS，andthe

load（LOAD）signalinanalogform・TheREF畠ignalindexes

the top－dead－Center（TDC）ofanenginepiston・ThePOS

signalssimulatethecrankshaftpositionsensors・TwoAGL

signalsareproduced；OheisO・050AGLwhoseperiodcorre・

spondstoO．050incrankangle（CA）・TheotheristheAGL

whoseperiodcanbechangedsothatitcorrespondstoO・5，

1，2，Or50inCA．ThechoiceismadebytheignitorspeCi負・

cations．Theseslgnalscancoveralmostal1theignitorsnOW

available．Pulsetransformersarealsoincorporatedintothe

simulatortosimulatethesignalsftomthemagneticcrank・

Shaftpositionsensors・
Themeasurementumitmeasurestheadvanceangleandthe

dwentimeoftheignhorwhnemomitoringtheoperationOf

theengineshulator・Forthis，itreceivestwosignalsfrorn

theignitor；Oneisthedwen（DWL）signalobtainableatthc

baseterminalofanigmitortransistor，andtheotheristhe

spark（SPK）signalobtainedbythecapac址iveprobecouPled

toaspark・Plugwire・BecausetheSPKsignalisheavnyatten’
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Fig・2・TheschematicdiagramoftheenglneSimulator．

uatedbytheprobe，thismethodofobtainingtheSPKsignal

alSoallowsthemeasurementofthesparkenergywhichwould

OtherwisedestroysemiConductordevicesinvoIvedintheunit．

Theaccuracyinadvanceanddwellmeasurementisspecined

tobeO・10cAandO・1ms，reSPeCtively．Whenthemeasure－
mentiscompleted，themicrocomputerisinstructedtostore

thedataandthensetthenextenginestate・Thisprocessis

repeateduntilanthetestitemsarecovered．Then，themicro・

COmPuterWaitsfbrtheoutput commandfbronedevice；a

CRT，anX－Yplotter，Oralineprinter，theresultshouldbe

displayed・Thedetadeddescriptionofeachunitwinbegiven

IノMidocomputer th2it：Acommerciauyavadablemicr。＿

COmPuter（CPU）isusedfortheunit・TheCPUisaZ－800Per－
atingat4・MHzclock・Itcommumicateswithexternaldevices

throughthe S－100buswhichincludeseightinput／output

2ノ助gb7eSbnuhztor：Thefunctionofthisumitistogenerate

theenginespeed，load，andcrankshaftpositionsignalsto

drivetheignitorundertcst・Thesesignalsshouldbecompat－

iblewithalmostantheignitorsnowavadable・Thusrefbrring

topresentlyavailableignitorspecincations，theenginespeed

rangesffom600to12000rpmandtheresolutionoflOOrpm
arespecinedtotheumit・IneachenglneState，itshouldalso

PrOducetheO・050AGLsignalinordertomeasuretheadvance

andewithO・10－CAaccuracy・Theblockdiagramoftheengine

Shulator，developedbyreflectingtheserequirementsonthe

hardwarealgoritlm，isshowninFig・2・Thekeyinthisdia－
gramisthe rpm・tO－ffequency converter consisting ofthe

prOgrammablemodulo・mCOunter，phaseJock・loop（PLL），and

mOdulo・20counter・TheenginespeedN（rpm）isrelatedt。

thehequenciesL，Ji，andJinoftheREF，1。AGL，andO．05。・
AGLsignalS，reSPeCtively，aS

〃＝6肪＝ん／6＝ん／120．

Thusfbr600＜N＜12000，ふrangesffom72kHztol．44
MHz・Letusassumeheretogenerateo・050－AGLs如alby
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Fig・3・Timing sequence of the engine simulation signalsand the

dividingaclocksignal・InordertoattainlOO－rPmreSOlution

at12000rpm，thedividerratioshouldbelargerthan120．

Theclockffequencythenshouldbehigherthan172．8MHz，
Whichisintolerableto conventionalTTLand CMOScount＿

ers・ThisdimcultyisovercomeinFig・2bycombiningdivi－

Sionandmultiplication・DividinglO・MHzclocksignal，the

modulo・mCOunterPrOducesthel0－AGLsignal．Theratiom

PrOgrammedbythemicrocomputerthentakesanintegerin

therangefrom139to2778，dependingontheenglneSPeed・

Since mislargerthan120，theresolutionoflOOrpmis
assured・ThePLLmultiplies，incombinationwiththemodulo・

20counterinthefeedbackpath，thelO・AGLsignalby20to

PrOducetheO・050・AGLsignal・Italsoproducesthephase

（PHS）signalwhosewidthismodulatedbythephasediffer－

encebetweenthelO・AGLsignalsatportsAandB・Thisslg・

nalissenttothemeasurementumittomonitortheoperation

Oftherpm・tO－丘equencyconverter．

OncethelO－AGLsignalisobtained，theREFandPOSsig・

nalscanbegeneratedstraightfbrwardly．Theirtimingisshown
inFig・3・ThePOSIsignalprecedingthePOS2andREFsig－

nalsis obtained by dividing thelO－AGL signalusingthe

modul0－360Counter・ThePOS2andREFsignalscanbeob－

tainedthenbydelayingthePOSIsignalusingprogrammable

COunterS・The crankangleOl betweenthePOSl and REF

SignalsandthatbetweenthePOSlandPOS2signalS，01－02，

aresetintothepositiondataregistersland2，reSPeCtively，

basedontheigmitorspec班cations．Thesimulatorshownin

Fig・2assumestheigmitorhavingthreecrank血aftposition

SenSOrS，butit canbeeasilyextendedtomorecomplicated

lgmitors byinCorporatingthepairedposition dataregisters

and programmable counters・Besides thepositionsignals，

SOmereCentignitorsrequiretheanglesignalS・Tobecompat・

iblewithsuchignitors，thesimulatorincorporatesthecounter

linFig・2wi1ichproducestheAGLsignalbydividingthe

O・50・AGLavailableffomthemodul0－20counter・Depending

Ontheignitor，itsperiodissetmanuallyintothe4－bitregister・

The12・bitA／Dconverterplaystherollofanair－nOWmeter

Oramanifbldpressuresensor・ItproducestheLOADsignal

appropriatefortheignitorby convertingtheloaddatain・

Puttedthroughakeyboardintoananalogvoltage．

3ノMeasunmentthZit：Theschematicdiagramoftheumit

is showninFig・4・Itsfunctionistomeasuretheadvance

angleandthedwentimeoftheigmitorw旭emomitoringthe
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Fig・4・Theschematicdiagramofthemeasurementumit・

Operationoftheenginesimulatorandthentogeneratethe

interrupt signalwhenthemeasurementis completed・The

measurementtimingisshowninFig・3・

TheRSflip－flopuppermostinFig・4producestheSRsig・

nalwhichassumeslduringtheperiodbetweentheSPKand

REFsignals・TheADVcountermeasurestheadvanceangle，

OsinFig・3，bycountingtheO・050－AGLduringtheSRsig・

nal．TheaccuracyisthusO・lOcA・Thenegativeedgeofthe

SRsignalthensetstheSparkFlag（SF）toinformthatthe
advance measurementis over．This method of settingthe

SFrequlreStheSPKsignal，therebyeliminatingtheambiguity

which would otherwise be caused by usingtheREF signal

fbrthetrigger．

The DWLcountermeasuresthedwentime7binFig．3by

counting200・kHzclocksignalduring7b・Thecountinthe

DWLcounterisdivided，afterbeingstoredinthemicrocom・

puter，bylOusingthesoftwarecounter・Theaccuracyinthe
dwellmeasurementisthus0．1ms．Thenegativeedgeofthe

DWLsignalsetstheDwellFlag（DF）toinformthatthedweu

dataarereadyinthecounter・Sinceonlyoneportisavanable

fbr theinterrupt，the DFandSFareoRedtoproducethe

interrupt signal．Uponacknowledgingtheinterrupt signal，

themicrocomputersensestheB61ineofthePIOportBto

distinguishbetweentheDFandSFinterruPtS・

The phase dataregisterandthe phase counterfbrmthe

phasecomparator・Thepulsewidth鼎OdulatedPHSsignalis

comparedwiththephasethre血01dstoredinthephasedata

register・Ifitswidth，thusthephasedifftrencebetweenthe

lO－AGLsignalsappliedto thePLL，eXCeedsthethreshold，

the comparatorproducestheUNLOCKSlgnal，infbrrrungthe

microcomputerthattheoperationoftheen由nesimulatoris

1品五、日′；訂；芯】
′　　　　　　　　　　　　　　　　　　　　　　ヽ

ヽ＿●＿＿＿＿＿ノ′　ヽ＿＿＿－●＿＿＿ノ

Fig．5．ThesoftwarestructureoftheATE・

unstable．The measured advance and dwell data are then

neglected・Otherwise，themicrocomputer storestheminto

thebuf托rtable and then sendstheacknowledgment signals

toresetallthecountersandflags．

且瑚l棚reArcJ由ec拗re

The software structure ofthe ATEis showninFig．5．It

consists ofthe command programwritteninBasic andthe

controIprograminassemblylanguage・

1）CbmmandHogTtlm：The ATE commumicates withan

operatoruslngthisprogram・Itasksanoperatorthefollowlng

lgmitorspecincations：

1）positionsofcrankshaft position sensors，elandO2in

Fig・3，referencestoTDC－thepermissiblerangeisfrom

3to2550befbreTDC，

2）thelowest engine speed－the rangebetween600and

lOOOOrpmlSPermissible，

3）thehighest enginespeed－therangebetweenlOOOand
12000rpmlSPermissible，

4）the speed resolution－the minimum resolutionislOO

5）themi聖umandmaximumengineload，
6）theenglneloadspecinedinthisrun－theloadnumber

thatcanbespecinedislO．

Whentheabovequestionsareanswered，thecommandpro・
gramcansthecontrolprogramusmgtheinstruction

CALL＃15，S，L，A，D．

Here，theargumentsSandLareone－dimensionalarraysin

whichtheenginespeedandloadarestored，reSPeCtively・The

argumentsAandDaretwo－dimensionalarraysinwhichthe

measuredadvanceanddwelldataarestored，reSpeCtively・The

operationoftheATEisthenmanagedbythecontroIprograrn・

2）Cbntrol物mm：TheflOwchartofthecontroIprograrn
isshowninFig．6・Itincludesthedataprocessingandmea・

surementsubroutines．Theffequencyofadvanceanddweu

dataissolowthatthebufferisprovidedforsynchronizing
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Fig・6・Thenowchartof仙econtroIprogram．
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Fig・7・TheflOwchartofthedataprocesslngSubroutine．

etweenthetwosubroutinesandtherebyforincreasmgthe

伽oughputofthemicrocomputer・Itiscomposedoffbur

bk）CkslabeledS，L，A，andD，andarrangedintabularform，

alshowninFig．5．Eachblockhasfburregisters．SandL

bbcksareusedforstoringtheenginespeedandloadcalcu・

htedinthedataprocessingsubroutine，andAandDblocks

むeusedforstoringtheadvance anddwelldataobtainedby

也emeasurementsubroutine，reSPeCtively．

First，themainprogramcalCulatesthetotalnumberofmea・

mentsbasedontheignitorspecincationsandsetsitinto

POintersJandKwhichindic；atetheenginestatenumber

themeasureddatanumber，reSPeCtively・Afterassigming

Sectionofmemoryareatothebufftrtable，it callsthe

processing subroutine．ThiS Subroutine calCulatesfour

SSiveenginestatesandputsthemintothebuffbrinorder，

OWnintheflowchartofFig・7・Here，thcpointerPad・
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Fig・8・Theflowchartofthemeasurementsubroutine．

dresses thepairedspeedandloadregisterintheSandL

blocks，WhilethepointerQaddressesthepairedadvanceand

dwenregisterintheAandDblocks．Italsotransfbrsfour

Pairedadvanceanddwelldatasuccessively丘omthebuffer

totheAandDarrayS，ifthedataarereadyinthebuffer．

Afterthedatatransfer，themanagementisreturnedagainto

theminprogram・Settingtheinterruptcounter（INT．CNT）
andthesoftwaretimer，itwaitsfbrtheinterruptsignal．Ifthe
interruptsignaldoesnotappearwithintheintervalsetinthe

timer，themainprogramdisplaystheerrormessageHNospark

SignalisavailableMonaCRTandterminatestheoperation．

Uponacknowledgingtheinterruptsignal，Ontheotherhand，
itcansthemeasurementsubroutine．

TheflOwchartofthemeasurementsubroutineisshownin

Fig・8・ItnrstdistinguishestheDFfiomtheSF．Ifthein＿

terruptiscausedbytheDF，thenitloadstheDbuffbrwith

thedatastoredintheDWLcounteraftercon蝕mingthestable

OPerationoftheenginesimulator・Iftheinterruptiscaused
bytheSF，Ontheotherhand，thenitpudleSthedatastored

intheADVcounterintotheAbuffbr，Setsthenextengine
Stateintotheengines血ulator，andresetsthesoftwareswitch

RDYfor steeringthe programflow・The DWLandADV

COunterSarereSetbythefbuowingSFinterruPtSignal．This
PrOCeSSisrepeateduntiltheINT・CNTbecomeszero．

Themainprogramrepeatsthedataprocessingandmeasure－

mentsubroutinesuntilalltheenginestatesarecovered．Then，

themanagementisreturnedtothecommandprogram．The

jobremainedistodisplaytheresultonaCRT，anX－Yplotter，
Oralineprinter，aCCOrdingtotheoutputcommand．

ⅠII．TEST ExAMPLES

Severalignitorsnowinusehavebeentestedbythepresent

ATE・TworesultsareglVenheretodemonstrateitscapability・

Fig・9（a）and（b）showstheadⅥlnCeangleandthedwentime，

respectively，Ofatransistorigmitormeasuredunderthemaxi＿

mumengineloadcondition・Designedtoignitefourengines

alternately，ithasrequiredfourcranksha魚positionsignals

Placedat5，45，185，and2250beforeTDCtocontrolthead＿

VanCeandthedwelltime・Fig・10showstheadvanceangleof
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（b）

Fig．9．The（a）advance angleand（b）dwelltimeofatransistorized
ignitormeasuredasafunctionofenglneSPeed．

CaPability・Itfeaturesquickcharacterization，lowcost，and

COmPatibility with almost an theignitors now avanable．

Hence，itisbelievedto be usefulfbrqualitymanagementin

theproductionline・TheextensiontotheATEwhichallows

Characterizationofnotonlyignitorsbutalsoclosed・loopen・

glneCOntrOIsystemsisthefuturework．
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Fig・10・Theadvanceangleofacapacitordischargeignitormeasuredas

afunctionofenglneSPeed．

thecapacitordischargeignitor（CDI）installedinamotorcycle・

InthisCDI，Onlytwocrankdlaftpositionsignalspositionedat

50to650before TDC have beenrequiredforthe advance

control．In either case，the measurement has been made

everylOOrpmfrom700to12000rpm・Timerequiredfbr

thetestwasonlyafewseconds・TheaccuracyofO・10－CAin

the advance measurement and of O．l msin the dwell－time

measurementhasbeen con蝕medexperimentallybycompar－

ingtheseresultswiththoseobtainedbythehardware－Oriented

equipmentdescribedinl7］・

IV．CoNCLUSIONS

AnATEfbrautomotiveenglnelgmitorshasbeendescribed・

Test examples have beenalso presented to demonstrateits


