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CatalystًـDamage 57.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً

AmbientًـBarometricًـPressureً58.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـ
CrankcaseًـVentilation 59.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً
CrankcaseًـVentilationًـ(N51ًـandًـN52KP) 60.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً
CrankcaseًـVentilationًـ(N54)ً61.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـ
CrankcaseًـVentilationًـSystemًـOverviewًـ(N55) 63.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً

NaturallyًـAspiratedًـModeًـ(N55) 63.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً
BoostًـModeًـ(N55) 63.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً

CrankcaseًـVentilationًـSystemًـOverviewًـ(N54) 69.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً
NaturallyًـAspiratedًـModeًـ(N54) 69.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً
BoostًـModeًـ(N54) 69.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً

CrankcaseًـVentilationًـHeating 74.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً



Emissions Management

Model: All Equipped with OBD II

Production: 1995 to Present

Manufacturer: Bosch and Siemens Engine Control Modules

After completion of this module you will be able to:

• DescribeًـwhatًـisًـrequiredًـtoًـilluminateًـtheًـMalfunctionًـIndicatorًـLamp

• AccessًـreadinessًـcodesًـusingًـtheًـISID

• Understandًـhowًـaًـoxygenًـsensorًـoperates

• UnderstandًـhowًـtheًـDM-TLًـsystemًـoperates

• TestًـaًـDM-TLًـsystemًـusingًـaًـsmokeًـtester

• Understandًـhowًـmisfireًـmonitoringًـtakesًـplace
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OBD History

Asًـaًـresultًـofًـlowًـfuelًـcosts,ًـtogetherًـwithًـaًـhighًـstandardًـofًـlivingًـandًـaًـdenseًـpopula-
tion,ًـtheًـstateًـofًـCaliforniaًـwasًـaffectedًـparticularlyًـheavilyًـbyًـairًـpollution.ًـThisًـspurred
theًـstateًـtoًـpassًـtheًـmostًـcomprehensiveًـandًـstringentًـemissionsًـandًـconsumption
lawsًـinًـtheًـworld.ًـTheًـautomobileًـmanufacturersًـwereًـremindedًـofًـtheirًـobligationsًـand
thisًـdroveًـthemًـonًـtoًـcomplyًـwithًـtheًـnewًـregulationsًـatًـenormousًـexpense.

• Inًـcontinuingًـeffortsًـtoًـimproveًـairًـquality,ًـtheًـEnvironmentalًـProtectionًـAgency
(EPA)ًـamendedًـtheًـCleanًـAirًـActًـinًـً.1990ـTheًـCleanًـAirًـActًـwasًـoriginallyًـmandat-
edًـinًـًـً.1970ـTheًـCleanًـAirًـActًـhasًـaًـdirectًـimpactًـonًـautomobileًـmanufactures
wherebyًـtheyًـareًـresponsibleًـtoًـcomplyًـwithًـtheًـregulationsًـsetًـforthًـbyًـtheًـEPA.
Theًـ1990ًـamendmentًـofًـtheًـCleanًـAirًـActًـsetًـforthًـallًـofًـtheًـchangesًـcurrently
beingًـintroducedًـonًـvehiclesًـsoldًـinًـtheًـUnitedًـStatesًـtoday.

• Inًـً,1967ـtheًـStateًـofًـCaliforniaًـformedًـtheًـCaliforniaًـAirًـResourcesًـBoardًـ(CARB)
toًـdevelopًـandًـcarryoutًـairًـqualityًـimprovementًـprogramsًـforًـCalifornia’sًـuniqueًـair
pollutionًـconditions.ًـThroughًـtheًـyears,ًـCARBًـprogramsًـhaveًـevolvedًـintoًـwhatًـwe
nowًـknowًـasًـONًـBoardًـDiagnosticsًـandًـtheًـNationalًـLowًـEmissionًـVehicle
Program.ًـًـ

• TheًـEPAًـhasًـadoptedًـmanyًـofًـtheًـCARBًـprogramsًـasًـNationalًـprogramsًـandًـlaws.
OneًـofًـtheseًـearlierًـprogramsًـwasًـOBDًـIًـandًـtheًـintroductionًـofًـtheًـ“Check
Engine”ًـLight.

• BMWًـfirstًـintroducedًـOBDًـIًـandًـtheًـcheckًـengineًـlightًـinًـtheًـ1987ًـmodelًـyear.
Thisًـenhancedًـdiagnosisًـthroughًـtheًـdisplayًـofًـ“flashًـcodes”ًـusingًـtheًـcheck
engineًـlightًـasًـwellًـasًـtheًـBMWًـ2013ًـandًـGT-1.ًـOBDًـIًـwasًـonlyًـtheًـfirstًـstepًـinًـan
ongoingًـeffortًـtoًـmonitorًـandًـreduceًـtailpipeًـemissions.ًـ

• Byًـtheًـ1989ًـmodelًـyearًـallًـautomotiveًـmanufacturesًـhadًـtoًـassureًـthatًـallًـindivid-
ualًـcomponentsًـinfluencingًـtheًـcompositionًـofًـexhaustًـemissionsًـwouldًـbeًـelectri-
callyًـmonitoredًـandًـthatًـtheًـdriverًـbeًـinformedًـwheneverًـsuchًـaًـcomponentًـfailed.ًـًـ

• Sinceًـtheًـ1996ًـmodelًـyearًـallًـvehiclesًـmustًـcomplyًـwithًـOBDًـIIًـrequirements.
OBDًـIIًـrequiresًـtheًـmonitoringًـofًـvirtuallyًـeveryًـcomponentًـthatًـcanًـaffectًـthe
emissionًـperformanceًـofًـaًـvehicleًـplusًـstoreًـtheًـassociatedًـfaultًـcodeًـandًـcondi-
tionًـinًـmemory.ًـًـ

Ifًـaًـproblemًـisًـdetectedًـandًـthenًـre-detectedًـduringًـaًـlaterًـdriveًـcycleًـmoreًـthan
oneًـtime,ًـtheًـOBDًـIIًـsystemًـmustًـalsoًـilluminateًـtheًـ“CheckًـEngine”ًـLightًـinًـthe
instrumentًـclusterًـtoًـalertًـtheًـdriverًـthatًـaًـmalfunctionًـhasًـoccurred.ًـًـHowever,
the flash code function of the Check Engine Light in OBD I vehicles is not
a function in OBD II vehicles.

Introduction
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• ThisًـrequirementًـisًـcarriedًـoutًـbyًـtheًـEngineًـControlًـModuleًـ(ECM/DME)ًـasًـwell
asًـtheًـAutomaticًـTransmissionًـControlًـModuleًـ(EGS/AGS)ًـandًـtheًـElectronic
ThrottleًـControlًـModuleًـ(EML)ًـtoًـmonitorًـandًـstoreًـfaultsًـassociatedًـwithًـallًـcom-
ponents/systemsًـthatًـcanًـinfluenceًـexhaustًـandًـevaporativeًـemissions.ًـًـ

OBD I
Theًـessentialًـelementsًـhereًـareًـthatًـelectricalًـcomponentsًـwhichًـaffectًـexhaustًـemis-
sionsًـareًـmonitoredًـbyًـtheًـmotor-electronicsًـsystemًـandًـanًـopticalًـwarningًـsignal
(CHECKًـENGINEًـLight)ًـisًـissuedًـinًـtheًـeventًـofًـanًـOBDًـI-relevantًـmalfunction.ًـTheًـcor-
respondingًـfaultًـcanًـbeًـreadًـoutًـviaًـaًـflashingًـcodeًـwithoutًـtheًـaidًـofًـaًـtestingًـdevice.

OBD II 
SinceًـJanuaryًـً,1996ـOBDًـIIًـhasًـbeenًـcompulsoryًـonًـallًـvehiclesًـinًـtheًـUSًـmarket.ًـThe
mainًـdifferenceًـfromًـOBDًـIًـisًـthatًـnotًـonlyًـareًـtheًـpurelyًـelectricalًـcomponentsًـmoni-
toredًـbutًـalsoًـallًـtheًـsystemsًـandًـprocessesًـthatًـaffectًـexhaustًـemissionsًـandًـfuelًـsys-
temًـevaporativeًـemissions.

Theًـoperationalًـreliabilityًـofًـtheًـexhaust-treatmentًـsystemًـmustًـbeًـguaranteedًـforً5ـ
yearsًـand/orًـ100,000ًـmiles;ًـthisًـisًـmaintainedًـbyًـemissionًـcertification.ًـInًـthisًـcase,ًـthe
dataًـrelevantًـtoًـexhaust/evaporativeًـemissionsًـareًـreadًـoutًـviaًـaًـstandardizedًـinterface
withًـaًـuniversalًـ"diagnosisًـdevice".ًـIfًـaًـviolationًـisًـidentified,ًـtheًـvehicleًـmanufacturerًـin
questionًـisًـlegallyًـboundًـtoًـeliminateًـtheًـfaultًـthroughoutًـtheًـentireًـvehicleًـseries.

Objectives of OBD II

• Permanentًـmonitoringًـofًـcomponentsًـrelevantًـtoًـexhaustًـemissionsًـinًـallًـvehicles.

• Immediateًـdetectionًـandًـindicationًـofًـsignificantًـemissionًـincreasesًـoverًـtheًـentire
serviceًـlifeًـofًـeachًـvehicle.

• Permanentlyًـlowًـexhaustًـemissionsًـinًـtheًـfield.



Purpose of the System

What is OBD?
Todayًـmanyًـofًـtheًـengine’sًـcontrolًـsystemsًـsuchًـasًـthrottleًـopening,ًـfuelًـinjection,
ignition,ًـemissionsًـandًـperformanceًـareًـcontrolledًـbyًـanًـelectronicًـcontrolًـmoduleًـand
theًـrelatedًـsensorsًـandًـactuators.ًـTheًـfirstًـon-boardًـdiagnosticًـ(OBD)ًـsystemsًـwere
developedًـbyًـtheًـmanufacturerًـasًـaًـwayًـtoًـdetectًـproblemsًـwithًـtheًـelectronicًـsys-
tems.

Beginningًـwithًـ1994ًـmodelًـyear,ًـrequirementsًـforًـOBDًـsystemsًـhaveًـbeenًـestablished
byًـtheًـEPAًـandًـCARB.ًـTheًـpurposeًـofًـtheًـOBDًـsystemًـisًـtoًـassureًـproperًـemission
controlًـsystemًـoperationًـforًـtheًـvehicle’sًـlifetimeًـbyًـmonitoringًـemission-relatedًـcom-
ponentsًـandًـsystemsًـforًـdeteriorationًـandًـmalfunction.ًـThisًـincludesًـalsoًـaًـcheckًـof
theًـtankًـventilationًـsystemًـforًـvaporًـleaks.

TheًـOBDًـsystemًـconsistsًـofًـtheًـengineًـandًـtransmissionًـcontrolًـmodules,ًـtheirًـsen-
sorsًـandًـactuatorsًـalongًـwithًـtheًـdiagnosticًـsoftware.ًـTheًـcontrolًـmodulesًـcanًـdetect
systemًـproblemsًـevenًـbeforeًـtheًـdriverًـnoticesًـaًـdriveabilityًـproblemًـbecauseًـmany
problemsًـthatًـaffectًـemissionsًـcanًـbeًـelectricalًـorًـevenًـchemicalًـinًـnature.

What happens if a problem is detected?
WhenًـtheًـOBDًـsystemًـdeterminesًـthatًـa
problemًـexists,ًـaًـcorrespondingًـ“Diagnostic
TroubleًـCode”ًـisًـstoredًـinًـtheًـcontrolًـmod-
ule’sًـmemory.

Theًـcontrolًـmoduleًـalsoًـilluminatesًـaًـyellow
dashboardًـMalfunctionًـIndicatorًـLightًـindicat-
ingًـ“CheckًـEngine”ًـorًـ“ServiceًـEngineًـSoon”
orًـdisplaysًـanًـengineًـsymbol.

Thisًـlightًـinformsًـtheًـdriverًـofًـtheًـneedًـfor
service,ًـNOTًـofًـtheًـneedًـtoًـstopًـtheًـvehicle.
Aًـblinkingًـorًـflashingًـdashboardًـlightًـindicates
aًـratherًـsevereًـlevelًـofًـengineًـmisfire.

AfterًـfixingًـtheًـproblemًـtheًـFaultًـcodeًـisًـdeletedًـtoًـturnًـoffًـtheًـlight.ًـIfًـtheًـconditions
thatًـcausedًـaًـproblemًـareًـnoًـlongerًـpresentًـtheًـvehicle’sًـOBDًـsystemًـcanًـturnًـoffًـthe
dashboardًـlightًـautomatically.ًـIfًـtheًـOBDًـsystemًـevaluatesًـtheًـcomponentًـorًـsystem
threeًـconsecutiveًـtimesًـandًـnoًـlongerًـdetectsًـtheًـinitialًـproblem,ًـtheًـdashboardًـlight
willًـturnًـoffًـautomatically.ًـ
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What is the most common problem detected by OBD?

Fuel Filler Cap

Ifًـtheًـfuelًـfillerًـcapًـisًـnotًـproperlyًـclosedًـafterًـrefueling,ًـtheًـOBDًـsystemًـwillًـdetectًـthe
vaporًـleakًـthatًـexistsًـfromًـtheًـcapًـnotًـbeingًـcompletelyًـtightened.ًـ

Ifًـyouًـtightenًـtheًـcapًـsubsequently,ًـtheًـdashboardًـlightًـshouldًـbeًـextinguishedًـwithinًـa
fewًـdaysًـorًـafterًـdeletingًـtheًـFaultًـcode.ًـThisًـisًـnotًـanًـindicationًـofًـaًـfaultyًـOBDًـsys-
tem.ًـTheًـOBDًـsystemًـhasًـproperlyًـdiagnosedًـtheًـproblemًـandًـaccordinglyًـalertedًـthe
driverًـbyًـilluminatingًـtheًـdashboardًـlight.

Pleaseًـcheckًـtheًـfuelًـfillerًـcapًـfirstًـwhenًـtheًـdashboardًـlightًـcomesًـonًـtoًـavoidًـunnec-
essaryًـdiagnosticًـtime.ًـToًـcheckًـtheًـfuelًـfillerًـcapًـturnًـtheًـcapًـtoًـtheًـrightًـuntilًـyouًـhear
aًـclickًـorًـtheًـcapًـreachesًـtheًـfullًـstop.ًـMakeًـsureًـthatًـtheًـretainingًـstrapًـisًـnotًـcaught
betweenًـtheًـfillerًـpipeًـandًـtheًـfuelًـfillerًـcap.ًـIfًـtheًـlightًـshouldًـstayًـonًـfurtherًـinًـdepth
evaporativeًـleakًـdiagnosisًـisًـrequired.

Misfire Detection

AsًـpartًـofًـtheًـCARB/OBDًـIIًـregulationsًـtheًـEngineًـControlًـModuleًـmustًـdetermineًـif
misfireًـisًـoccurringًـandًـalsoًـidentifyًـtheًـspecificًـcylinder(s).ًـTheًـECMًـwillًـdetermine
severityًـofًـtheًـmisfireًـevent,ًـandًـwhetherًـitًـisًـemissions relevant orًـcatalyst damaging
(moreًـinformationًـisًـavailableًـinًـtheًـEmissionًـManagementًـsection).ًـInًـorderًـtoًـaccom-
plishًـtheseًـtasksًـtheًـECMًـmonitorsًـtheًـcrankshaftًـforًـaccelerationًـlossesًـduringًـfiring
segmentsًـofًـcylinderًـspecificًـfiringًـorder.ًـIfًـtheًـsignalًـisًـimplausibleًـanًـerroneousًـrefer-
enceًـmarkًـcanًـbeًـobtainedًـbyًـtheًـECMًـwhichًـwillًـresultًـinًـaًـmisfireًـfaultًـbeingًـset.ًـ

Possibleًـcausesًـofًـcylinderًـmisfireًـfaultsًـ(actualًـfieldًـfindings):ًـًـًـًـًـًـًـًـًـًـًـًـ

• Vehicleًـranًـlowًـorًـoutًـofًـfuel

• Poorًـfuelًـqualityًـ(ex.ًـwaterًـinًـfuel,ًـcustomerًـusesًـanًـadditive,ًـetc.)

• Low/highًـfuelًـpressure

• Ignitionًـcoil

• Fouledًـsparkًـplug(s)

• Restrictedًـً/ـcontaminatedًـfuelًـinjector(s)

• Crankshaftًـpositionًـsensor

• Poorًـcombustionًـdueًـtoًـlowًـcompressionًـorًـhighًـleakage

• Blocked/restrictedًـCatalyst

8
Emissions Management



EngineًـMisfireًـisًـtheًـresultًـofًـinefficientًـcombustionًـinًـoneًـorًـmoreًـcylinders.ًـTheًـcaus-
esًـofًـEngineًـMisfireًـareًـextensiveًـbutًـcanًـbeًـgroupedًـintoًـtheًـfollowingًـsub-systems.
ConsiderًـtheًـchartsًـbelowًـasًـanًـadditionalًـdiagnosticًـaidًـonceًـISTAًـisًـconnected,ًـthe
correctًـfaultًـsymptomًـhasًـbeenًـchosenًـandًـtheًـfaultًـmemoryًـhasًـbeenًـinterrogated.
FollowًـtheًـTestًـModuleًـasًـdisplayedًـbyًـISTA.ًـ

IGNITION SySTEM

Spark Plug: • Incorrect spark plug installed Secondary • Verify correct spark plug
• Electrode gap closed or too small Ignition • Replace if necessary
• Electrode(s) missing • Swap with another cylinder
• Oil or fuel fouled spark plug
• Ceramic insulation cracked

Secondary • Wet or moist due to water infiltration. • Check water ingress, repair, replace
circuit: (wiring, • High resistance due to corrosion. • Check resistance value, replace
M73-cap, rotor)

Ignition • Secondary/Primary Circuits open or shorted. Secondary • Inspect and replace if necessary
Coil(s): • Housing cracked, damaged. and Primary • Swap with another cylinder

Ignition Coil • Power supply, Primary control and Primary • Look for open, loose connector, 
& Engine ground (shunt signal) circuits impaired.   Ignition & corrosion, crossed or backed out 
Harness Term 4A feed- pins (also consider ignition unloader or                               
Connectors back Preset ECM relay on MY97 and newer cars).

Measurements • Determine defective condition, 
repair or replace.

• A secondary ignition oscilloscope display provides vital
information about the ignition system’s condition.  

• Follow the precautions in group 12 of the Repair Instructions.

• Use the following scope patterns as a guideline for ignition

system diagnosis.

Evaluation of secondary signal amplitude at idle speed.

1. Normal Ignition Voltage Peak: Spark Plug is OK
2. Low Ignition Voltage Peak: Gap too small (defective)
3. High Ignition voltage peak: Gap too large (defective)

Engine Misfire Diagnosis
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COMPONENT POSSIBLE CONDITION TEST CORRECTION

NORMAL
COMBUSTION

PERIOD

ONG COMBUSTION
PERIOD (SMALL GAP)

HORT COMBUSTION
PERIOD (LARGE GAP)



COMPONENT POSSIBLE CONDITION TEST CORRECTION

Pistons, • Hole in piston crown, ring(s) broken, • Idle Quality - Rough Run- • Correct condition as 
Rings, valve(s) not seating, valve(s) bent, ning Preset. required.
Valves, valve spring(s) broken, camshaft lobe • Cylinder compression & 
Camshaft: cracked, etc. leakdown tests.

Hydraulic • HVA oil bore restricted or blocked. • Idle Quality - Rough Run- • Always consider 
Valve • Engine oil pressure builds up too slow. ning Preset. mechanical com-
Actuator • Intermittent Misfire Fault - Not • Listen to HVA ponents when  
(HVA): Currently Present. • Check Oil Pressure diagnosing misfire.

• HVA binding/sticking in bore. • Cylinder leakdown                   • Inspect for scoring.

Vacuum           • Unmetered vacuum leaks causing a • Idle Quality - Rough Run- • Correct condition as
Leaks:                “lean” operating condition. Possible ning Preset. Test for vacuum     required.

“Excessive Mixture Deviation” leaks per Repair Instr. and SIB
fault codes. on “Crankcase Ventilation”.

• Interpret Add. & Multiple adaptation values 

FUEL QUALITy, DELIVERy, INjECTION & EVAPORATIVE SySTEMS

COMPONENT POSSIBLE CONDITION TEST CORRECTION

Fuel (quality): • Contaminated fuel. • Clean fuel system, replace fuel.
(water, other non combustible).

Fuel Delivery: • Fuel pump delivery pressure low, • Check fuel  • Determine restriction/flow reduction,
restriction in fuel line to fuel rail or pressure & replace component as necessary.
running loss valve.   volume. • Interpret Additive and Multiplicative 

• Fuel filter restricted (clogged). • Check fuel adaptation values.
• Low fuel in tank. pump power

and ground

Running Loss   • Valve stuck in “small circuit” position. • Check valve • Display “diagnosis requests” in ISTA               
Valve: and test valve for proper function, repl-

ace valve as necessary.

Fuel Injectors: • Leaking fuel injector pintle seats cause  • Ti Preset & •  Check injectors for leakage.
rich engine starts with hot ambient status page. •  Swap suspect injector with another 
temperatures. • Sec Ign scope cylinder.

pattern.
• Blocked (dirty) injector(s). • Inspect injector, replace if necessary.

Fuel Pressure • Regulator defective, causes fluctuation • Fuel pressure • Check nominal fuel pressure value with 
Regulator: in the injected quantity of fuel causing  engine operating under varied speeds.

mixture adaptation faults.

Evaporative • Defective evaporative system vent  • ISTA status, • Check the fuel tank condition and vent 
System: causing fuel tank collapse and fuel . Evap test line.  

starvation. with press-
ure tool, 
purge valve
func. test.

• Check Fresh Air Valve on TLEV E36
vehicles or LDP/ DM-TL and filter on
ORVR vehicles for proper system
“breathing”.
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IMPLAUSIBLE ECM CONTROL FUNCTION OR 
SENSOR INPUT SIGNALS 

COMPONENT POSSIBLE CONDITION TEST CORRECTION

Crankshaft • Implausible signal for misfire detection. • ISTA preset • Determine defective sensor or 
Position • Increment wheel loose or damaged measurement. increment wheel and replace.
Sensor or (internal on M44, M52 and M54, 
Increment external on M62 & M73).
Wheel: • Air gap between sensor and wheel.

• Noticeable at higher rpm.

Catalyst • Excessive exhaust back pressure • ISTA preset • Determine catalyst condition, replace
Damaged: (bank specific fault present, more measurement or repair as necessary.

noticeable under heavy load and of oxygen
high rpm). sensor.

• Back pressure test per SIB with Special Tool.

Oxygen • Excessive mixture deviation, • Monitor • Swap sensor from other bank (if app-
Sensor: possible vacuum leaks. oxygen licable) and see if fault transfers to 

sensor other bank.
signal via
ISTA/IMIB.

Engine • Internal control module fault. • Check fault • Highly unlikely but must be considered.
Control memory.
Module • Misfire Reprogramming. • Refer to SIB • Check Model/Prod range - reprogram 

When diagnosing a Misfire fault code, Remember:

“Misfire” is caused by a defect in the internal combustion engine or a defect in
the control of the engine operation.  

“Misfire” is the result of improper combustion (variation between cylinders) as
measured at the crankshaft due to:

- Engine mechanical defects; breakage, wear, leakage or improper tolerances.

- Excessive mixture deviation; air (vacuum leaks), fuel and all the components that deliver  
air/fuel into the combustion chambers.

- Faulty ignition; primary, secondary including spark plugs. 

- Faulty exhaust flow; affecting back pressure.

- Tolerance parameters; ECM programming.

A Misfire fault code(s) is the “symptom” of a faulty input for proper combustion.
When diagnosing a misfire, review the charts to assist you in finding the faulty
input.
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Misfire Detection

AsًـpartًـofًـtheًـOBDًـIIًـregulations
theًـECMًـmustًـdetermineًـmisfire
andًـalsoًـidentifyًـtheًـspecificًـcylin-
der(s),ًـtheًـseverityًـofًـtheًـmisfire
andًـwhetherًـitًـisًـemissionsًـrele-
vantًـorًـcatalystًـdamagingًـbased
onًـmonitoringًـcrankshaftًـacceler-
ation.ًـ

Inًـorderًـtoًـaccomplishًـtheseًـtasks
theًـECMًـmonitorsًـtheًـcrankshaft
forًـaccelerationًـbyًـtheًـimpulse
wheelًـsegmentsًـofًـcylinderًـspe-
cificًـfiringًـorder.ًـThe
misfire/engineًـroughnessًـcalcula-
tionًـisًـderivedًـfromًـtheًـdiffer-
encesًـinًـtheًـperiodًـdurationًـof
individualًـincrementًـgearًـseg-
ments.

Eachًـsegmentًـperiodًـconsistًـof
anًـangularًـrangeًـofًـً°90ـcrank
angleًـthatًـstartsًـً°54ـbeforeًـTop
DeadًـCenter.

Ifًـtheًـexpectedًـperiodًـdurationًـisًـgreaterًـthanًـtheًـpermissibleًـvalueًـaًـmisfireًـfaultًـforًـthe
particularًـcylinderًـisًـstoredًـinًـtheًـfaultًـmemoryًـofًـtheًـECM.

DependingًـonًـtheًـlevelًـofًـmisfireًـrateًـmeasuredًـtheًـECMًـwillًـilluminateًـtheًـ"Malfunction
IndicatorًـLight”,ًـdeactivateًـtheًـspecificًـfuelًـinjectorًـtoًـtheًـparticularًـcylinderًـandًـswitch
oxygenًـsensorًـcontrolًـtoًـopen-loop.ًـ

Inًـorderًـtoًـeliminateًـmisfireًـfaultsًـthatًـcanًـoccurًـasًـaًـresultًـofًـvaryingًـflywheelًـtoler-
ancesًـ(manufacturingًـprocess)ًـanًـinternalًـadaptationًـofًـtheًـflywheelًـisًـmade.ًـTheًـadap-
tationًـisًـmadeًـduringًـperiodsًـofًـdecelًـfuelًـcut-offًـinًـorderًـtoًـavoidًـanyًـrotationalًـirregu-
laritiesًـwhichًـtheًـengineًـcanًـcauseًـduringًـcombustion.ًـThisًـadaptationًـisًـusedًـtoًـcor-
rectًـsegmentًـdurationًـperiodsًـpriorًـtoًـevaluationًـforًـaًـmisfireًـevent.

Ifًـtheًـsensorًـwheelًـadaptationًـhasًـnotًـbeenًـcompletedًـtheًـmisfireًـthresholdsًـareًـlimited
toًـengineًـspeedًـdependentًـvaluesًـonlyًـandًـmisfireًـdetectionًـisًـlessًـsensitive.ًـThe
crankshaftًـsensorًـadaptationًـisًـstoredًـinternallyًـandًـisًـnotًـdisplayedًـviaًـISTA.ًـIfًـthe
adaptationًـlimitًـisًـexceededًـaًـfaultًـwillًـbeًـset.
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Emission Reduction Stages

WhileًـOBDًـIIًـhasًـtheًـfunctionًـofًـmonitoringًـforًـemissionًـrelatedًـfaultsًـandًـalertingًـthe
operatorًـofًـtheًـvehicle,ًـtheًـNationalًـLowًـEmissionًـVehicleًـProgramًـrequiresًـaًـcertain
numberًـofًـvehiclesًـproducedًـ(specificًـtoًـmanufacturingًـtotals)ًـcurrentlyًـcomplyًـwithًـthe
followingًـemissionًـstages;ًـ

TLEV: Transitional Low Emission Vehicle 

LEV: Low Emission Vehicle

ULEV: Ultra Low Emission Vehicle.

SULEV Super Ultra Low Emission Vehicle

PriorًـtoًـtheًـNationalًـLowًـEmissionًـVehicleًـProgram,ًـtheًـmostًـstringentًـexhaustًـreduc-
tionًـcompliancyًـisًـwhatًـisًـknownًـinternallyًـwithinًـBMWًـasًـHCًـII.ًـًـTheًـbenefitًـofًـexhaust
emissionًـreductionsًـthatًـtheًـNationalًـLowًـEmissionًـVehicleًـProgramًـprovidesًـcom-
paredًـwithًـtheًـHCًـIIًـstandardًـisًـasًـfollows;

TLEV: 50% cleaner

LEV: 70% cleaner

ULEV: 84% cleaner

SULEV 90% cleaner
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Overview of the National Low Emission Vehicle Program

Grams/Mile @ 50° F - Cold Engine Startup
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Grams/Mile @ 50,000 miles
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PZEV regulations include:
• VehiclesًـmustًـmeetًـSULEVًـtailpipeًـemissionsًـstandardًـ(approx.ًـ1/5ًـofًـULEVًـstan-
dards)

• VehiclesًـconformًـtoًـZeroًـEvaporativeًـEmissions

• VehiclesًـsubjectًـtoًـextendedًـOBDًـregulations.

• Emissionًـrelevantًـcomponentsًـwarrantiedًـforًـ15ًـyearsًـorًـ150,000ًـmiles

BMW SULEV & PZEV Engines

BMW M56 Engine
TheًـfollowingًـcomponentsًـareًـusedًـtoًـachieveًـSULEVًـ(SuperًـUltraًـLowًـEmission
Vehicle)ًـandًـZEVًـZeroًـEvaporativeًـEmissionًـrequirements:

• Pistonsًـً-ـRevisedًـtoًـchangeًـsparkًـtravelًـpath

• CatalyticًـConvertersًـً-ـCeramicًـcarriersًـwithًـhighًـcellًـdensityًـforًـbetter
“WarmًـUp”ًـControl

• OxygenًـSensorsًـً-ـPlanarًـwideًـbandًـO2 sensorsًـinًـfrontًـofًـtheًـcats

• Vanosًـً-ـPositioningًـchangedًـduringًـstartًـupًـforًـimprovedًـstartًـupًـandًـemissions

• FuelًـPumpًـControlًـً-ـRevisedًـwithًـraisedًـpressureًـandًـmoreًـaccurateًـflowًـcontrol

• FuelًـInjectorsًـً-ـNewًـdesignًـforًـimprovedًـfuelًـflowًـandًـhigherًـworkingًـpressure

• FuelًـSystemًـً-ـAllًـmetalًـfuelًـsystemًـcomponentsًـmadeًـofًـstainlessًـsteel

• AirًـIntakeًـSystemًـً-ـRevisedًـtoًـblockًـHCًـescape

• CrankcaseًـVentilationًـً-ـRevised

• SecondaryًـAirًـSystemًـً-ـMassًـairًـflow
sensorًـtoًـmonitorًـsecondaryًـairًـflow

• CoolingًـSystemًـً-ـRevisedًـtoًـreduce
Ozoneًـlevels
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BMW N51 Engine
InًـorderًـtoًـcomplyًـwithًـSULEVًـrequirements,ًـtheًـN51 isًـanotherًـvariantًـofًـtheًـN52
engine.ًـًـThereًـareًـvariousًـmeasuresًـtoًـmeetًـtheًـEPA/CARBًـstandards,ًـsomeًـofًـwhich
areًـfamiliarًـfromًـtheًـpreviousًـSULEVًـ(M56)ًـengine.

SomeًـofًـtheًـSULEVًـmeasuresًـforًـtheًـN51ًـinclude:

• Nearًـengineًـcatalystًـwithًـadditionalًـunderbodyًـcatalyst

• Secondaryًـairًـsystem

• Optimizedًـcombustionًـchamberًـgeometryًـinًـcylinderًـhead

• Modifiedًـpistonًـcrownًـforًـlowerًـcompression

• Plasticًـvalveًـcoverًـwithًـintegratedًـcrankcaseًـventًـvalve
andًـseparatorًـ(fromًـN52KP)

• Stainlessًـsteelًـfuelًـlinesًـwithًـthreadedًـconnections

• Radiatorًـwithًـ“Prem-air”ًـcoating

• Throttleًـsystemًـً-ـEGAS08ًـcarriedًـoverًـfromًـN52KP

• AirboxًـwithًـActivatedًـcarbonًـfilterًـforًـEVAPًـcontrol

• Purgeًـsystemًـpipesًـareًـmadeًـfromًـ“optimized”ًـplastic
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Catalytic Converters
Theًـcatalystsًـattachedًـinًـdirectًـproximityًـtoًـtheًـengineًـandًـareًـequippedًـwithًـceramic(s)
carriersًـinًـhighًـcellًـdensityًـtechnology.ًـTheseًـconvertersًـreachًـoperatingًـtemperature
fasterًـandًـofferًـquickerًـcontrolًـofًـexhaustًـemissions.ًـًـVehiclesًـareًـalsoًـequippedًـwith
dualًـdownstreamًـconverters.

Oxygen Sensors
TheًـM56ًـengineًـuseًـforًـOxygenًـsensors,ًـtwoًـplanarًـbroadbandًـsensorsًـupstreamًـof
theًـconverterًـandًـtwoًـsensorsًـdownstream.

Theًـplanarًـbroadbandًـsensorًـreachًـoperatingًـtemperatureًـveryًـfastًـandًـareًـableًـto
effectًـfuelًـmixturesًـinًـapproximatelyًـ5ًـseconds.

Fuel Pump System
Fuelًـsystemًـoperatingًـpressureًـisًـincreasedًـtoًـ5ًـBar.

TheًـfuelًـpumpًـisًـcontrolledًـbyًـtheًـFuelًـpumpًـcontrolًـunit,ًـbasedًـonًـengineًـdemandًـas
receivedًـfromًـtheًـDMEًـoverًـtheًـLo-CAN.ًـًـTheًـfuelًـpumpًـcontrolًـunitًـadditionally
receivesًـinformationًـoverًـtheًـK-Bus,ًـspecificallyًـcrashًـinformationًـfromًـtheًـMRS.

Fuel Injectors
Nozzleًـdiameterًـofًـtheًـfuelًـinjectorsًـhasًـbeenًـreduced
andًـtheًـinstallationًـangleًـhasًـbeenًـchanged.ًـTheًـinjec-
torsًـwereًـalsoًـadaptedًـtoًـperformًـatًـtheًـhigherًـsystem
operatingًـpressure.

Injectorsًـscrewًـintoًـtheًـrailًـandًـaًـtapًـtoًـtestًـpressure
readingsًـisًـNOTًـprovided.

Secondary Air System 
Theًـsecondaryًـairًـpumpًـhasًـbeen
revisedًـtoًـimproveًـitsًـresponseًـtimeًـin
coldًـweatherًـstartingًـsituations.

AًـHFMًـ(HotًـFilmًـAirًـMassًـMeter)ًـhas
beenًـaddedًـtoًـtheًـsecondaryًـairًـsystem
toًـmonitorًـairًـvolumeًـpumpedًـintoًـthe
exhaustًـforًـmoreًـaccurateًـcontrolًـofًـthe
NOxًـemissions.
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Fuel System 
InًـorderًـtoًـmeetًـtheًـZero Evaporative Emission requirement,ًـtheًـfuelًـsystemًـwas
completelyًـrevised.ًـًـTheًـfuelًـtank,ًـtankًـfillerًـneck,ًـcharcoalًـcanister,ًـfuelًـrailًـandًـtank
ventilationًـvalveًـareًـallًـmadeًـofًـstainlessًـsteel.

Whenًـperformًـrepairsًـonًـtheًـfuelًـsystem,ًـitًـisًـimperativeًـthatًـallًـfittingًـremainًـcleanًـand
thatًـtheًـproperًـtighteningًـtorquesًـareًـobserved.

Theًـfuelًـtankًـisًـmanufacturedًـofًـhighًـgradeًـsteelًـandًـcompletelyًـcoatedًـtoًـmeetًـthe
requirementsًـofًـaًـminimumًـdurabilityًـofًـ15ًـyears.ًـًـ

Theًـfuelًـtankًـcanًـbeًـexchangedًـonlyًـasًـaًـcompleteًـunit.ًـ

Cooling System
TheًـradiatorًـofًـSULEVًـlooksًـsimilarًـtoًـtheًـstandardًـradiator.

Theًـsurfaceًـofًـtheًـcoolingًـfinsًـareًـcoatedًـwithًـaًـspecial
“PremAir”ًـcoating.

Theًـcoatingًـconsistsًـofًـmultipleًـporousًـlayersًـofًـaًـcatalytic
surface.ًـTheًـtaskًـofًـtheًـcatalystًـcoatingًـisًـtoًـconvertًـOzone
intoًـOxygen.

Index Explanation

1 Syphon Jet

2 Roll over valve

3 Fuel Filter

4 Electric fuel pump

5 Liquid Vapor Separator 
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WithinًـtheًـframeworkًـofًـOBDًـII,ًـcertainًـcomponents/systemsًـmustًـbeًـmonitoredًـonce
perًـdrivingًـcycleًـwhileًـotherًـcontrolًـsystemsًـ(e.g.ًـmisfireًـdetection)ًـmustًـbeًـmonitored
permanently.ًـًـAًـ"drivingًـcycle"ًـconsistsًـofًـengineًـstartup,ًـvehicleًـoperationًـ(exceeding
ofًـstartingًـspeed),ًـcoastingًـandًـengineًـstopping.

Permanent Monitoring
Permanentlyًـmonitoredًـsystemsًـareًـmonitoredًـaccordingًـtoًـtemperatureًـimmediately
afterًـstartup.ًـInًـtheًـeventًـofًـmalfunctionsًـ(e.g.ًـoxygenًـsensor),ًـtheًـMalfunctionًـIndicator
Lightًـwillًـilluminateًـimmediately.

Theًـfollowingًـareًـmonitoredًـpermanently:

• MisfireًـDetection

ـً• FuelًـSystemًـ(durationًـofًـinjection)

• Allًـemissionًـrelatedًـelectricalًـcircuits,ًـcomponents
andًـsystemsًـofًـtheًـECM,ًـTCMًـandًـEMLًـ(ifًـequipped).ًـ

Cyclic Monitoring
Systemsًـmonitoredًـonceًـperًـdrivingًـcycleًـwillًـonlyًـresultًـinًـaًـfaultًـbeingًـregisteredًـafter
theًـcorrespondingًـoperatingًـconditionsًـhaveًـbeenًـcompleted.ًـTherefore,ًـthereًـisًـno
possibilityًـforًـcheckingًـwhenًـtheًـengineًـisًـstartedًـupًـbrieflyًـandًـthenًـshutًـdown.

Theًـfollowingًـareًـmonitoredًـonceًـperًـdrivingًـcycle:

• OxygenًـSensorًـFunction

• SecondaryًـAirًـInjectionًـSystem

• CatalyticًـConverterًـFunctionًـ(efficiency)

• EvaporativeًـVaporًـRecoveryًـSystem

Dueًـtoًـtheًـcomplexityًـinvolvedًـinًـmeetingًـtheًـtestًـcriteriaًـwithinًـtheًـdefinedًـdriving
cycle,ًـallًـtestsًـmayًـnotًـbeًـcompletedًـwithinًـoneًـ"customerًـdrivingًـcycle".ًـًـTheًـtestًـcan
beًـsuccessfullyًـcompletedًـwithinًـtheًـdefinedًـcriteria,ًـhoweverًـcustomerًـdrivingًـstyles
mayًـdifferًـandًـthereforeًـmayًـnotًـalwaysًـmonitorًـallًـinvolvedًـcomponents/systemsًـin
oneًـ"trip".

18
EmissionsًـManagement

System Monitoring



Drive Cycle
Theًـfollowingًـdiagramًـshowsًـhowًـaًـdriveًـcycleًـisًـsetًـ(testًـdrive)ًـinًـorderًـforًـallًـtheًـsys-
temsًـtoًـbeًـmonitoredًـonce.ًـTheًـtestًـconditionsًـcanًـbeًـcreatedًـinًـanyًـdesiredًـorder
afterًـstartup.

ExampleًـofًـaًـDriveًـCycleًـforًـCompletingًـallًـOBDًـIIًـRelevantًـChecks:

:Evaluatedـً.minutesـ3ًـapproximatelyًـً,idlingـً,startـcoldًـEngineًـً.1

SystemـAirًـSecondaryًـً•

ـًـً(VehiclesـEquippedًـLDPً)ـDetectionًـLeakًـEvaporativeًـً•

:Evaluatedـً.minutesـ4ًـapproximatelyًـً,MPHـ30ًـtoًـ20ًـatًـdrivingًـConstantًـً.2

Operationـً”LoopـClosedً“ـAchievedًـً-ـSensorsًـOxygenًـً•

(FrequencyـControlً)ـTimeًـSwitchingًـandًـTimeًـResponseًـً-ـSensorsًـOxygenًـً•

-coastـvehicleًـsufficientً)ـminutesًـ15ًـapproximatelyًـً,MPHـ60ًـtoًـ40ًـatًـdrivingًـConstantًـً.3
ingًـphasesًـincluded).ًـEvaluated:

EfficiencyـConverterًـCatalyticًـً•

(FrequencyـControlً)ـTimeًـSwitchingًـandًـTimeًـResponseًـً-ـSensorsًـOxygenًـً•

:Evaluatedـً.minutesـ5ًـapproximatelyًـً,idlingـEngineًـً.4

(OFFـswitchedًـisًـ15ًـKLًـafterًـVehiclesًـEquippedًـDM-TLًـً)ـDiagnosisًـTank-Leakًـً•

The diagnostic sequence illustrated above will be interrupted if:
• The engine speed exceeds 3000 RPM
• Large fluctuations in the accelerator pedal position.
• The driving speed exceeds 60 MPH

Vehicle 
Speed

Time
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Theًـ“MalfunctionًـIndicatorًـLight”ًـ(MIL)ًـwillًـbe
illuminatedًـunderًـtheًـfollowingًـconditions:

ـً• Uponًـtheًـcompletionًـofًـtheًـnextًـcon-
secutiveًـdrivingًـcycleًـwhereًـtheًـprevi-
ouslyًـfaultedًـsystemًـisًـmonitoredًـagain
andًـtheًـemissionsًـrelevantًـfaultًـisًـagain
present.

• Immediatelyًـifًـaًـ“CatalystًـDamaging”
faultًـoccursًـ(MisfireًـDetection).ًـ

TheًـilluminationًـofًـtheًـlightًـisًـperformedًـinًـaccordanceًـwithًـtheًـFederalًـTestًـProcedure
(FTP)ًـwhichًـrequiresًـtheًـlampًـtoًـbeًـilluminatedًـwhen:

• Aًـmalfunctionًـofًـaًـcomponentًـthatًـcanًـaffectًـtheًـemissionًـperformanceًـofًـthe
vehicleًـoccursًـandًـcausesًـemissionsًـtoًـexceedًـ1.5ًـtimesًـtheًـstandardsًـrequired
byًـtheًـ(FTP).

• Manufacturer-definedًـspecificationsًـareًـexceeded.ًـ

• Anًـimplausibleًـinputًـsignalًـisًـgenerated.

ـً• CatalystًـdeteriorationًـcausesًـHC-emissionsًـtoًـexceedًـaًـlimitًـequivalentًـto
.(FTP)ـstandardًـtheًـtimesًـ1.5ً

• Misfireًـfaultsًـoccur.

• Aًـleakًـisًـdetectedًـinًـtheًـevaporativeًـsystem,ًـorًـ“purging”ًـisًـdefective.

• ECMًـfailsًـtoًـenterًـclosed-loopًـoxygenًـsensorًـcontrolًـoperationًـwithinًـaًـspecified
timeًـinterval.

• Engineًـcontrolًـorًـautomaticًـtransmissionًـcontrolًـentersًـaًـ"limpًـhome"ًـoperating
mode.

• Ignitionًـisًـonًـ(KL15)ًـpositionًـbeforeًـcrankingًـً=ـBulbًـCheckًـFunction.

WithinًـtheًـBMWًـsystemًـtheًـilluminationًـofًـtheًـMalfunctionًـIndicatorًـLightًـisًـperformed
inًـaccordanceًـwithًـtheًـregulationsًـsetًـforthًـinًـCARBًـmail-outًـ1968.1ًـandًـasًـdemon-
stratedًـviaًـtheًـFederalًـTestًـProcedureًـ(FTP).ًـTheًـfollowingًـpageًـprovidesًـseveralًـexam-
plesًـofًـwhenًـandًـhowًـtheًـMalfunctionًـIndicatorًـLightًـisًـilluminatedًـbasedًـonًـtheًـ"cus-
tomerًـdriveًـcycle".
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-sysـtheًـinًـfaultًـaًـofًـoccurrenceًـfirstًـtheًـuponًـECMًـtheًـwithinًـstoredًـisًـcodeًـfaultًـAًـً.1
temًـbeingًـchecked.

theـofًـcompletionًـtheًـuntilًـilluminatedًـbeًـnotًـwillًـً”LightـIndicatorًـMalfunctionً"ـTheًـً.2
secondًـconsecutiveًـ"customerًـdrivingًـcycle"ًـwhereًـtheًـpreviouslyًـfaultedًـsystemًـis
againًـmonitoredًـandًـaًـfaultًـisًـstillًـpresentًـorًـaًـcatalystًـdamagingًـfaultًـhasًـoccurred.

checkedـnotًـwasًـfunctionًـspecificًـtheًـandًـcompleteًـnotًـwasًـcycleًـdriveًـsecondًـtheًـIfًـً.3
asًـshownًـinًـtheًـexample,ًـtheًـECMًـcountsًـtheًـthirdًـdriveًـcycleًـasًـtheًـ“nextًـconsecu-
tive“ًـdriveًـcycle.ًـTheًـ"MalfunctionًـIndicatorًـLight”ًـisًـilluminatedًـifًـtheًـfunctionًـis
checkedًـandًـtheًـfaultًـisًـstillًـpresent.

throughـsetًـbeًـtoًـfaultًـaًـcauseًـnotًـdoesًـandًـpresentًـfaultًـintermittentًـanًـisًـthereًـIfًـً.4
multipleًـdriveًـcycles,ًـtwoًـcompleteًـconsecutiveًـdriveًـcyclesًـwithًـtheًـfaultًـpresentًـare
requiredًـforًـtheًـ"MalfunctionًـIndicatorًـLight”ًـtoًـbeًـilluminated.

unlessـilluminatedًـremainًـwillًـitًـilluminatedًـisًـً”LightـIndicatorًـMalfunctionً"ـtheًـOnceًـً.5
theًـspecificًـfunctionًـhasًـbeenًـcheckedًـwithoutًـfaultًـthroughًـthreeًـcompleteًـconsec-
utiveًـdriveًـcycles.

functionـspecificًـtheًـifًـautomaticallyًـmemoryًـfromًـclearedًـbeًـalsoًـwillًـcodeًـfaultًـTheًـً.6
isًـcheckedًـthroughًـ40ًـconsecutiveًـdriveًـcyclesًـwithoutًـtheًـfaultًـbeingًـdetectedًـor
withًـtheًـuseًـofًـeitherًـtheًـISTAًـandًـIMIB..

Note:  In order to clear a catalyst damaging fault (see Misfire Detection) from
memory, the condition must be evaluated for 80 consecutive cycles
without the fault reoccurring.

Withًـtheًـuseًـofًـaًـuniversalًـscanًـtool,ًـconnectedًـtoًـtheًـ"OBD"ًـDLCًـanًـSAEًـstandardized
DTCًـcanًـbeًـobtained,ًـalongًـwithًـtheًـconditionًـassociatedًـwithًـtheًـilluminationًـofًـthe
"MalfunctionًـIndicatorًـLight”.ًـUsingًـtheًـISTA,ًـaًـfaultًـcodeًـandًـtheًـconditionsًـassociated
withًـitsًـsettingًـcanًـbeًـobtainedًـpriorًـtoًـtheًـilluminationًـofًـtheًـ"MalfunctionًـIndicator
Light”.
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Theًـreadinessًـcodeًـprovidesًـstatusًـ(Yes/No)ًـofًـtheًـsystemًـhavingًـcompletedًـallًـthe
requiredًـmonitoringًـfunctionsًـorًـnot.ًـTheًـreadinessًـcodeًـisًـdisplayedًـwithًـanًـaftermar-
ketًـScanًـToolًـorًـISTA.ًـTheًـcodeًـisًـaًـbinaryًـً(1/0)ـindicating;ًـ

• vehiclesـcylinderًـsixًـً-ـApplicableًـNotًـorًـCompletedًـNotًـTestًـً=ـ0ً
(notًـreadyًـً-ـV8ًـandًـV12)

• (V12ـandًـV8ًـً-ـreadyً)ـvehiclesًـcylinderًـsixًـً-ـCompletedًـTestًـً=ـ1ً

Aًـ"readinessًـcode"ًـmustًـbeًـstoredًـafterًـanyًـclearingًـofًـfaultًـmemoryًـorًـdisconnection
ofًـtheًـECM.ًـAًـreadinessًـcodeًـofًـً"0"ـwillًـbeًـstoredًـ(seeًـbelow)ًـafterًـaًـcompleteًـdiag-
nosticًـcheckًـofًـallًـcomponents/systems,ًـthatًـcanًـturnًـonًـtheًـ"MalfunctionًـIndicator
Light”ًـisًـperformed.

Theًـreadinessًـcodeًـwasًـestablishedًـtoًـpreventًـanyoneًـwithًـanًـemissionsًـrelatedًـfault
andًـaًـ"MalfunctionًـIndicatorًـLight”ًـonًـfromًـdisconnectingًـtheًـbatteryًـorًـclearingًـthe
faultًـmemoryًـtoًـmanipulateًـtheًـresultsًـofًـtheًـemissionsًـtestًـprocedureًـ(IMً240ـ).

InterpretationًـofًـtheًـReadinessًـCodeًـbyًـtheًـECM(s)ًـ(SAEًـJ1979)

Theًـcompleteًـreadinessًـcodeًـisًـequalًـtoًـ"one"ًـbyteًـ(eightًـbits).ًـEveryًـbitًـrepresents
oneًـcompleteًـtestًـandًـisًـdisplayedًـbyًـtheًـscanًـtool,ًـasًـrequiredًـbyًـCARB/EPA.ًـFor
example:

0 = EGR Monitoring (=0, N/A with BMW)

1 = Oxygen Sensor Heater Monitoring

1 = Oxygen Sensor Monitoring

0 = Air Condition (=0, N/A with BMW)

1 = Secondary Air Delivery Monitoring

1 = Evaporative System Monitoring

0 = Catalyst Heating

1 = Catalyst Efficiency Monitoring

Driveًـtheًـcarًـinًـsuchًـaًـmannerًـthatًـallًـtestsًـlistedًـaboveًـcanًـbeًـcompletedًـ(referًـtoًـthe
driveًـcycle).ًـWhenًـtheًـcompleteًـ"readinessًـcode"ًـequalsًـً"1"ـ(ready)ًـthenًـallًـtestsًـhave
beenًـcompletedًـandًـtheًـsystemًـhasًـestablishedًـitsًـ"readiness".

Readiness Code using the ISTA

TheًـreadinessًـcodeًـcanًـbeًـcheckedًـwithًـtheًـISTA.ًـThisًـisًـparticularlyًـhelpfulًـinًـverify-
ingًـthatًـ“driveًـcycle”ًـcriteriaًـwasًـachieved.ًـًـAًـrepairًـcanًـbeًـconfirmedًـbeforeًـreturning
theًـvehicleًـtoًـtheًـcustomerًـbyًـaًـsuccessfullyًـcompletedًـdriveًـcycle.

Readiness Code



TheًـSocietyًـofًـAutomotiveًـEngineersًـ(SAE)ًـestablishedًـtheًـDiagnosticًـTroubleًـCodes
usedًـforًـOBDًـIIًـsystemsًـ(SAEًـJ2012).ًـTheًـDTC’sًـareًـdesignedًـtoًـbeًـidentifiedًـbyًـtheir
alpha/numericًـstructure.ًـTheًـSAEًـhasًـdesignatedًـtheًـemissionًـrelatedًـDTC’sًـtoًـstart
withًـtheًـletterًـ“P”ًـforًـPowertrainًـrelatedًـsystems,ًـhenceًـtheirًـnicknameًـ“P-code”.

For example: P 0 4 4 0

P-Powertrain, B-Body, C-Chassis

DTC Source; 0-SAE, 1-BMW

System; 0-Total System

1-Air/Fuel Induction

2-Fuel Injection

3-Ignition System or Misfire

4-Auxiliary Emission Control

5-Vehicle Speed & Idle Control

6-Control Module Inputs/Outputs

7-Transmission

• DTC’sًـareًـstoredًـwheneverًـtheًـ"MalfunctionًـIndicatorًـLight”ًـisًـilluminated.

ـً• AًـrequirementًـofًـCARB/EPAًـisًـprovidingًـuniversalًـdiagnosticًـaccessًـtoًـDTC’sًـviaًـa
standardizedًـDiagnosticًـLinkًـConnectorًـ(DLC)ًـusingًـaًـstandardizedًـtesterًـ(scan
tool).

ـً• DTC’sًـonlyًـprovideًـoneًـsetًـofًـenvironmentalًـoperatingًـconditionsًـwhenًـaًـfaultًـis
stored.ًـًـThisًـsingleًـ"FreezeًـFrame"ًـorًـsnapshotًـrefersًـtoًـaًـblockًـofًـtheًـvehicles
environmentalًـconditionsًـforًـaًـspecificًـtimeًـwhenًـtheًـfaultًـfirstًـoccurred.ًـTheًـinfor-
mationًـwhichًـisًـstoredًـisًـdefinedًـbyًـSAEًـandًـisًـlimitedًـinًـscope.ًـThisًـinformation
mayًـnotًـevenًـbeًـspecificًـtoًـtheًـtypeًـofًـfault.

OBD II Diagnostic Trouble Codes (DTC)
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Sequentiallyًـnumbered
faultًـidentifyingًـindividual
componentsًـorًـcircuits
(00-99)



• BMWًـCodesًـareًـstoredًـasًـsoonًـtheyًـoccurًـevenًـbeforeًـtheًـ"MalfunctionًـIndicator
Light”ًـcomesًـon.

• BMWًـCodesًـareًـdefinedًـbyًـBMW,ًـBoschًـandًـSiemensًـEngineersًـtoًـprovide
greaterًـdetailًـtoًـfaultًـspecificًـinformation.

• Siemens systems isـconditionsًـenvironmentalًـspecificًـfaultًـfourًـfromًـsetًـoneًـً-
storedًـwithًـtheًـfirstًـfaultًـoccurrence.ًـThisًـinformationًـcanًـchangeًـandًـisًـspecificًـto
eachًـfaultًـcodeًـtoًـaidًـinًـdiagnosing.ًـAًـmaximumًـofًـtenًـdifferentًـfaultsًـcontaining
fourًـenvironmentalًـconditionsًـcanًـbeًـstored.

• Boschًـsystemsًـً-ـaًـmaximumًـofًـfourًـsetsًـfromًـthreeًـfaultًـspecificًـenvironmental
conditionsًـisًـstoredًـwithinًـeachًـfaultًـcode.ًـThisًـinformationًـcanًـchangeًـandًـisًـspe-
cificًـtoًـeachًـfaultًـcodeًـtoًـaidًـinًـdiagnosing.ًـAًـmaximumًـofًـtenًـdifferentًـfaultsًـcon-
tainingًـthreeًـenvironmentalًـconditionsًـcanًـbeًـstored.

• BMWًـCodesًـalsoًـstoreًـandًـdisplaysًـaًـ"timeًـstamp"ًـwhenًـtheًـfaultًـlastًـoccurred.

• Aًـfaultًـqualifierًـgivesًـmoreًـspecificًـdetailedًـinformationًـaboutًـtheًـtypeًـofًـfault
(upperًـlimit,ًـlowerًـlimit,ًـdisconnection,ًـplausibility,ًـetc.).

• BMWًـFaultًـCodesًـwillًـalertًـtheًـTechnicianًـofًـtheًـcurrentًـfaultًـstatus.ًـHe/sheًـwill
beًـadvisedًـifًـtheًـfaultًـisًـactuallyًـstillًـpresent,ًـnotًـcurrentlyًـpresentًـorًـintermittent.

TheًـfaultًـspecificًـinformationًـisًـstoredًـandًـaccessibleًـthroughًـISTA.

• BMWًـFaultًـCodesًـdetermineًـtheًـdiagnosticًـoutputًـforًـISTA.

OBD II Fault Memory and Fault Codes

WithinًـtheًـframeworkًـofًـOBDًـII,ًـaًـdiagnosisًـofًـallًـemission-relatedًـcomponents/func-
tionsًـmustًـtakeًـplaceًـduringًـdriving.ًـFaultsًـwillًـbeًـstoredًـandًـdisplayedًـifًـnecessary.
Forًـthisًـpurpose,ًـtheًـECMًـincludesًـOBDًـIIًـmemory.ًـTheًـstandardizedًـPًـcodesًـfor
malfunctionsًـareًـstoredًـinًـthisًـmemory.ًـTheًـmemoryًـcanًـbeًـreadًـoutًـwithًـtheًـISTA
orًـaًـScantool.

BMW Fault Code
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Emission Control Function Monitoring & Comprehensive Component
Monitoring
OBDًـIIًـregulationsًـareًـbasedًـonًـsectionًـ1968.1ًـofًـTitleًـً,13ـCaliforniaًـCodeًـof
Regulationsًـ(CCR),ًـTheًـlawًـsetًـforthًـinًـsectionًـ1968.1ًـrequiresًـanًـincreased
scopeًـofًـmonitoringًـemissionًـrelatedًـcontrolًـfunctionsًـincluding:

• CatalystًـMonitoringًـ

• HeatedًـCatalystًـMonitoring
(currentlyًـusedًـonًـBMWً750ـiLًـvehicles)

• MisfireًـMonitoring

• EvaporativeًـSystemًـMonitoring

• SecondaryًـAirًـSystemًـMonitoring

• AirًـConditioningًـSystemًـRefrigerantًـMonitoring
(NotًـapplicableًـforًـBMWًـvehicles)

• FuelًـSystemًـMonitoring

• OxygenًـSensorًـMonitoring

• ExhaustًـGasًـRecirculationًـ(EGR)ًـSystemًـMonitoring
(NotًـapplicableًـforًـBMWًـvehicles)

• PositiveًـCrankcaseًـVentilationًـ(PCV)ًـSystemًـMonitoring
(Notًـrequiredًـatًـthisًـtime)

• ThermostatًـMonitoringًـ(ifًـequipped)

MonitoringًـtheseًـemissionًـrequirementsًـisًـaًـfunctionًـofًـtheًـECMًـwhichًـusesًـ“dataًـsets”
whileًـmonitoringًـtheًـconditionsًـofًـtheًـenvironmentًـandًـtheًـoperationًـofًـtheًـengine
usingًـexistingًـinputًـsensorsًـandًـoutputًـactuators.

TheًـdataًـsetsًـareًـprogrammedًـreferenceًـvaluesًـtheًـECMًـrefersًـtoًـwhenًـaًـspecificًـmon-
itoringًـprocedureًـisًـoccurring.ًـIfًـtheًـECMًـcannotًـdetermineًـtheًـenvironmentalًـand/or
engineًـoperatingًـconditionsًـdueًـtoًـanًـimpairedًـorًـmissingًـsignal,ًـitًـwillًـsetًـaًـfaultًـand
illuminateًـtheًـ“MalfunctionًـIndicatorًـLight”.

Thisًـinputًـorًـcontrolًـsignalًـmonitoringًـfallsًـunderًـanotherًـcategoryًـcalled
“ComprehensiveًـComponentًـMonitoring”.ًـTheًـECMًـmustًـrecognizeًـtheًـlossًـor
impairmentًـofًـtheًـsignalًـorًـcomponent.ًـTheًـECMًـdeterminesًـaًـfaultedًـsignalًـor
sensorًـviaًـthreeًـconditions:

.groundـtoًـshortedًـcomponentًـorًـSignalًـًـً.1

.+BـtoًـshortedًـcomponentًـorًـSignalًـًـً.2

codesـfaultًـSpecificًـً.(circuitـopenً)ـlostًـcomponentًـorًـSignalًـًـً.3
areًـusedًـtoًـalertًـtheًـdiagnosticianًـofًـtheseًـconditions.ًـًـ
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OBD II System Information on TIS

BMWًـTISًـincludesًـaًـsectionًـwithًـOBDًـIIًـrelatedًـinformationًـandًـitًـisًـdividedًـintoًـthree
mainًـcategories:

• Mode $06 Interface Data;ًـfeaturesًـaًـlistًـofًـcurrentًـandًـpreviousًـDME’sًـforًـ
specificًـonًـboardًـmonitoringًـtestًـresults.

• OBD II Overview and Drive Cycle;ًـfeaturesًـaًـbriefًـsummaryًـofًـtheًـEmissions
OverviewًـcontainedًـinًـthisًـReferenceًـManual.

• OBD II Systems;ًـfeaturesًـaًـlistًـofًـcurrentًـandًـpreviousًـDME’sًـwithًـinformationًـon
FaultًـCodesًـConditionsًـwithًـpossibleًـfaultًـcausesًـandًـsuggestedًـrepairًـprocedures
asًـwellًـasًـspecificًـOBDًـIIًـDescriptionًـinformationًـasًـperًـDMEًـversion.ًـThisًـsection
isًـanًـimportantًـtoolًـthatًـcanًـhelpًـyouًـinًـyourًـdiagnosisًـprocess!

ToًـaccessًـtheًـinformationًـcontainedًـinًـtheًـOBDًـsection,ًـaccessًـCenterNet,ًـthenًـgoًـto
TISًـandًـselectًـtheًـcategoryًـyouًـwishًـtoًـbrowse.
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Startingًـwithًـtheً750ـ1995ًـiL,ًـsoonًـafterًـonًـallًـ1996ًـmodelًـyearًـandًـlaterًـBMWًـvehi-
cles,ًـaًـseparateًـOBDًـIIًـDiagnosticًـLinkًـConnectorًـ(DLC)ًـwasًـadded.

TheًـDLCًـprovidesًـaccessًـforًـan
aftermarketًـscanًـtoolًـtoًـallًـemis-
sionًـrelatedًـcontrolًـsystems:

• ECMًـً-ـEngineًـManagement
MonitoredًـEmissions
Functionsًـً/ـComponentsًـًـ

• TCMًـ(AGS/EGS)ًـ-
TransmissionًـControlًـ

• EMLًـً-ـElectronicًـThrottle
Control

Thisًـdiagnosticًـcommunication
linkًـusesًـtheًـexistingًـTXDًـIIًـcir-
cuitًـinًـtheًـvehicleًـthroughًـaًـsep-
arateًـcircuitًـonًـtheًـDLCًـwhen
theًـ20ًـpinًـcapًـisًـinstalled.

TheًـDLCًـConnectorًـbridgingًـcapًـisًـmarkedًـ“OBDًـII”ًـandًـisًـfound:

E38 and older models have a cosmetic cover and a secured DLC cover.

Scan Tool Connection
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16 Pin Diagnostic Socket

Model and Production Date: E46 from 6/00 

E39, E52, E53 from 9/00

Forًـmodelًـyearًـ2001ًـtheًـE39,ًـE46ًـandًـE53ًـwill eliminate the 20 pin diagnostic
connector fromًـtheًـengineًـcompartment.ًـTheًـ16ًـpinًـOBDًـIIًـconnectorًـlocatedًـinside
theًـvehicleًـwillًـbeًـtheًـonlyًـdiagnosisًـport.ًـ

TheًـE38ًـandًـZ3ًـwillًـcontinueًـtoًـuseًـtheً20ـ
pinًـconnectorًـuntilًـtheًـendًـofًـproduction.

Theًـ16ًـpinًـOBDًـIIًـconnectorًـhasًـbeenًـinًـall
BMWsًـsinceًـ1996ًـtoًـcomplyًـwithًـOBDًـreg-
ulationsًـrequiringًـaًـstandardizedًـdiagnostic
port.

Previouslyًـbeforeًـً,2001ـonlyًـemissionsًـrele-
vantًـdataًـcouldًـbeًـextractedًـfromًـtheًـOBDًـII
connectorًـbecauseًـitًـdidًـnotًـprovideًـaccess
toًـTXDًـ(D-bus).ًـًـ

TheًـTXDًـlineًـisًـconnectedًـtoًـpinًـ8ًـofًـthe
OBDًـIIًـconnectorًـonًـvehiclesًـwithoutًـtheً20ـ
pinًـdiagnosticًـconnector.

TheًـcapًـtoًـtheًـOBDًـIIًـconnectorًـcontainsًـaًـbridgeًـthatًـlinksًـKLًـ30ًـtoًـTXDًـandًـTXDًـII.
Thisًـisًـtoًـprotectًـtheًـdiagnosticًـcircuitًـintegrityًـandًـpreventًـerroneousًـfaultsًـfromًـbeing
logged.

TheًـOBDًـIIًـconnectorًـisًـlocatedًـinًـtheًـdriver’sًـfootwellًـtoًـtheًـleftًـofًـtheًـsteeringًـcolumn
forًـE39,ًـE46ًـandًـE53ًـvehicles.
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BoardNet 2020

VehiclesًـequippedًـwithًـBN2020ًـhaveًـtheًـfollowingًـconfigurationًـinًـtheًـOBDًـII
DiagnosticًـSocket:

Theseًـfiveًـlinesًـareًـroutedًـfromًـtheًـdiagnosticًـsocketًـtoًـtheًـcentralًـgatewayًـmodule
(ZGM).

Oneًـofًـtheًـfiveًـlinesًـtransmitsًـtheًـactivationًـsignal.ًـTheًـremainingًـfourًـlinesًـareًـtwisted
pairًـandًـareًـusedًـforًـdataًـtransmission.

For further information please refer to the F01 Reference Manual.

Index Explanation Index Explanation

1 Not assigned 9 Engine speed

2 Not assigned 10 Not assigned

3 Ethernet Rx+ 11 Ethernet Rx-

4 Terminal 31 12 Ethernet Tx+

5 Terminal 31 13 Ethernet Tx-

6 D-CAN High 14 D-CAN Low

7 Not assigned 15 Not assigned

8 Ethernet activation 16 Terminal 30F

Diagnostic socket

Ethernet connection between the diagnostic socket and ZGM
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OneًـofًـtheًـmainًـpurposesًـofًـtheًـECMًـisًـEmissionsًـManagementًـwhichًـincludesًـthe
actuationًـofًـseveralًـcomponents.ًـInًـtheًـfollowingًـpagesًـyouًـwillًـfindًـaًـgenericًـexplana-
tionًـonًـhowًـthisًـsystemًـworks.ًـForًـmoreًـdetailedًـinformationًـpleaseًـaccessًـBMW
TrainingًـReferenceًـManualsًـfoundًـon-line.

TheًـEmissionsًـManagementًـcontrolsًـevaporative andًـexhaust emissions.ًـTheًـECM
monitorsًـtheًـfuelًـstorageًـsystemًـforًـevaporativeًـleakageًـandًـcontrolsًـtheًـpurgingًـof
evaporativeًـvapors.ًـTheًـECMًـalsoًـmonitorsًـandًـcontrolsًـtheًـexhaustًـemissionsًـbyًـreg-
ulatingًـtheًـcombustibleًـmixtureًـandًـafterًـtreatingًـbyًـinjectingًـfreshًـairًـintoًـtheًـexhaust
system.ًـTheًـcatalyticًـconverterًـfurtherًـbreaksًـdownًـtheًـremainingًـcombustibleًـexhaust
gasesًـandًـisًـmonitoredًـbyًـtheًـECMًـforًـcatalystًـefficiency.

Malfunction Indicator Light (MIL)

TheًـMILًـwillًـbeًـilluminatedًـunderًـthe
followingًـconditions:

• Uponًـtheًـcompletionًـofًـtheًـnext
consecutiveًـdrivingًـcycleًـwhere
theًـpreviouslyًـfaultedًـsystemًـis
monitoredًـagainًـandًـtheًـemis-
sionsًـrelevantًـfaultًـisًـagainًـpre-
sent.

• Immediatelyًـifًـaًـ“Catalyst
Damaging”ًـfaultًـoccursًـ(see
MisfireًـDetection).ًـ

OXYGEN SENSOR

SECONDARY
AIR INJECTION
PUMP

MALFUNCTION
INDICATOR
LIGHT

SECONDARY AIR
INJECTION RELAY
CONTROL

EMISSION
MANAGEMENT

INTEGRAL
BAROMETRIC
PRESSURE
SENSOR

PROVIDES ADDITIONAL CORRECTION
FACTOR FOR FOLLOWING FUNTIONS

MINI
HFM

Example of IPO for an Emissions Management System

Emission Management



TheًـilluminationًـofًـtheًـlightًـisًـperformedًـinًـaccordanceًـwithًـtheًـFederalًـTestًـProcedure
(FTP)ًـwhichًـrequiresًـtheًـlampًـtoًـbeًـilluminatedًـwhen:

• Aًـmalfunctionًـofًـaًـcomponentًـthatًـcanًـaffectًـtheًـemissionًـperformanceًـofًـtheًـvehi-
cleًـoccursًـandًـcausesًـemissionsًـtoًـexceedًـ1.5ًـtimesًـtheًـstandardsًـrequiredًـbyًـthe
(FTP).

• Manufacturer-definedًـspecificationsًـareًـexceeded.ًـ

• Anًـimplausibleًـinputًـsignalًـisًـgenerated.

• CatalystًـdeteriorationًـcausesًـHC-emissionsًـtoًـexceedًـaًـlimitًـequivalentًـto
.(FTP)ـstandardًـtheًـtimesًـ1.5ً

• Misfireًـfaultsًـoccur.

• Aًـleakًـisًـdetectedًـinًـtheًـevaporativeًـsystem,ًـorًـ“purging”ًـisًـdefective.

• ECMًـfailsًـtoًـenterًـclosed-loopًـoxygenًـsensorًـcontrolًـoperationًـwithinًـaًـspecified
timeًـinterval.

• Engineًـcontrolًـorًـautomaticًـtransmissionًـcontrolًـentersًـaًـ"limpًـhome"ًـoperating
mode.

• Ignitionًـisًـonًـ(KL15)ًـpositionًـbeforeًـcrankingًـً=ـBulbًـCheckًـFunction.

WithinًـtheًـBMWًـsystemًـtheًـilluminationًـofًـtheًـMalfunctionًـIndicatorًـLightًـisًـperformed
inًـaccordanceًـwithًـtheًـregulationsًـsetًـforthًـinًـCARBًـmail-outًـ1968.1ًـandًـasًـdemon-
stratedًـviaًـtheًـFederalًـTestًـProcedureًـ(FTP).ًـTheًـfollowingًـpageًـprovidesًـseveralًـexam-
plesًـofًـwhenًـandًـhowًـtheًـMalfunctionًـIndicatorًـLightًـisًـilluminatedًـbasedًـonًـtheًـ"cus-
tomerًـdriveًـcycle".
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Evaporative Emissions

Theًـcontrolًـofًـtheًـevaporativeًـfuelًـvaporsًـ(Hydrocarbons)ًـfromًـtheًـfuelًـtankًـisًـimportant
forًـtheًـoverallًـreductionًـinًـvehicleًـemissions.ًـTheًـevaporativeًـsystemًـhasًـbeenًـcom-
binedًـwithًـtheًـventilationًـofًـtheًـfuelًـtank,ًـwhichًـallowsًـtheًـtankًـtoًـbreathًـ(equalization).
Theًـoverallًـoperationًـprovides:ًـ

• Anًـinletًـvent,ًـtoًـanًـotherwiseًـ“sealed”ًـfuelًـtank,ًـforًـtheًـentryًـofًـairًـtoًـreplaceًـthe
fuelًـconsumedًـduringًـengineًـoperation.ًـ

• Anًـoutletًـventًـwithًـaًـstorageًـcanisterًـtoًـً“ـtrapًـandًـhold”ًـfuelًـvaporsًـthatًـareًـpro-
ducedًـbyًـtheًـexpansion/evaporationًـofًـtheًـfuelًـinًـtheًـtank,ًـwhenًـtheًـvehicleًـisًـsta-
tionary.

Theًـcanisterًـisًـthenًـ"purged"ًـusingًـtheًـengineًـvacuumًـtoًـdrawًـtheًـfuelًـvaporsًـintoًـthe
combustionًـchamber.ًـThisًـ"cleans"ًـtheًـcanisterًـallowingًـforًـadditionalًـstorage.ًـLikeًـany
otherًـformًـofًـcombustibleًـfuel,ًـtheًـintroductionًـofًـtheseًـvaporsًـonًـaًـrunningًـengine
mustًـbeًـcontrolled.ًـ

TheًـECMًـcontrolsًـtheًـEvaporativeًـEmissionًـValveًـwhichًـregulatesًـpurgingًـofًـevapora-
tiveًـvapors.ًـTheًـevaporativeًـsystemًـmustًـbeًـmonitoredًـforًـcorrectًـpurgeًـoperationًـand
LeakًـDetection.ًـًـ

Exhaust Emissions

TheًـcombustionًـprocessًـofًـaًـgasolineًـpoweredًـengineًـproducesًـCarbonًـMonoxide
(CO),ًـHydrocarbonsًـ(HC)ًـandًـOxidesًـofًـNitrogenًـ(NOx).ًـ

• CarbonًـMonoxideًـisًـaًـproductًـofًـincompleteًـcombustionًـunderًـconditionsًـofًـair
deficiency.ًـًـCOًـemissionsًـareًـdependentًـonًـtheًـair/fuelًـratio.

• Hydrocarbonًـareًـalsoًـaًـproductًـofًـincompleteًـcombustionًـwhichًـresultsًـin
unburnedًـfuel.ًـًـHCًـemissionsًـareًـdependentًـonًـair/fuelًـratioًـandًـtheًـignitionًـofًـthe
mixture.

• OxidesًـofًـNitrogenًـareًـaًـproductًـofًـpeakًـcombustionًـtemperatureًـ(andًـtemperature
duration).ًـًـNOxًـemissionsًـareًـdependentًـonًـinternalًـcylinderًـtemperatureًـaffected
byًـtheًـair/fuelًـratioًـandًـignitionًـofًـtheًـmixture.

Controlًـofًـexhaustًـemissionsًـisًـaccomplishedًـbyًـtheًـengineًـandًـengineًـmanagement
designًـasًـwellًـasًـafter-treatment.ًـ

• TheًـECMًـmanagesًـexhaustًـemissionsًـbyًـcontrollingًـtheًـair/fuelًـratioًـandًـignition.

• TheًـECMًـcontrolledًـSecondaryًـAirًـInjectionًـfurtherًـdilutesًـexhaustًـemissionsًـleav-
ingًـtheًـengineًـandًـreduceًـtheًـcatalystًـwarmًـupًـtime.

• TheًـCatalyticًـConverterًـfurtherًـreducesًـexhaustًـemissionsًـleavingًـtheًـengine.
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Adaptation Values

Inًـorderًـtoًـmaintainًـanًـ“ideal”ًـair/fuelًـratio,ًـtheًـengineًـcontrolًـmoduleًـisًـcapableًـof
adaptingًـtoًـvariousًـenvironmentalًـconditionsًـencounteredًـwhileًـtheًـvehicleًـisًـinًـopera-
tionًـ(i.e.ًـchangesًـinًـaltitude,ًـhumidity,ًـambientًـtemperature,ًـambientًـpressure,ًـfuelًـquali-
ty,ًـetc.).

Theًـadaptationًـsystemًـcanًـonlyًـmakeًـslightًـcorrectionsًـandًـcanًـnotًـcompensateًـfor
largeًـchangesًـwhichًـmayًـbeًـencounteredًـasًـaًـresultًـofًـincorrectًـairflowًـorًـincorrectًـfuel
supplyًـtoًـtheًـengine.

Withinًـtheًـareasًـofًـadjustableًـadaptation,ًـtheًـengineًـcontrolًـmoduleًـmodifiesًـtheًـinjec-
tionًـrateًـunderًـtwoًـareasًـofًـengineًـoperation:

,(AdaptationـAdditiveً)ـspeedsًـengineًـrangeًـmidًـloadًـlowًـandًـidleًـDuringًـً.1

speedsـengineًـhigherًـatًـwhenًـloadًـhigherًـtoًـnormalًـaًـunderًـoperationًـDuringًـً.2
(MultiplicativeًـAdaptation)

Theseًـvaluesًـareًـdisplayedًـinًـtheًـ“DiagnosisًـQuery”ًـsectionًـofًـISTAًـandًـareًـaًـhelpful
diagnosticًـtoolًـthatًـshowsًـhowًـtheًـsystemًـisًـtryingًـtoًـcompensateًـforًـaًـlessًـthanًـideal
initialًـair/fuelًـratio.

Note:  If the adaptation value is greater than “0.0 ms” the Engine Control
Module is trying to en-richen the mixture. If the adaptation value is less
than “0.0 ms” the Engine Control Module is trying to lean-out the mixture.

Diagnosis Request
Status

Explanation

Additiveًـmixture
adaptationًـ(Idle)

Ifًـtheًـvalueًـisًـgreaterًـthanً0.2ـms thereًـisًـanًـunmeteredًـairًـleakًـorًـnotًـenoughًـfuel
beingًـsuppliedًـtoًـtheًـsystem.

O2ـTheًـًـً• sensorًـindicatesًـaًـLEANًـcondition
.mixtureـtheًـRICHENًـtoًـtriesًـmoduleًـcontrolًـengineًـTheًـًـً•

Ifًـtheًـvalueًـisًـlessًـthanً0.2-ـ ms thereًـisًـanًـairًـrestrictionًـorًـtooًـmuchًـfuelًـisًـbeing
suppliedًـtoًـtheًـsystem.

O2ـTheًـًـً• sensorًـindicatesًـaًـRICHًـcondition.
.mixtureـtheًـoutًـLEANًـtoًـtriesًـModuleًـControlًـEngineًـTheًـًـً•

Multiplicativeًـmixture
adaptationًـ(Partًـload)

Ifًـtheًـvalueًـisًـgreaterًـthanً8ـ% thereًـisًـanًـunmeteredًـairًـleakًـorًـnotًـenoughًـfuel
beingًـsuppliedًـtoًـtheًـsystem.

O2ـTheًـًـً• sensorًـindicatesًـaًـLEANًـcondition
mixtureـtheًـRICHENًـtoًـtriesًـModuleًـControlًـEngineًـTheًـًـً•

Ifًـtheًـvalueًـisًـlessًـthanً8-ـ% thereًـisًـanًـairًـrestrictionًـorًـtooًـmuchًـfuelًـbeingًـsup-
pliedًـtoًـtheًـsystem

O2ـTheًـًـً• sensorًـindicatesًـaًـRICHًـcondition
mixtureـtheًـoutًـLEANًـtoًـtriesًـModuleًـControlًـEngineًـTheًـًـً•
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Oxygen Sensors

The oxygen sensor is an indispensable component
for controlling and measuring the composition of
exhaust gas with the aim of conforming to legally
stipulated emission values. This is achieved by mea-
suring the residual oxygen content in the exhaust
gas.

A fuel-air ratio of 1 kg of fuel to 14.7 kg of air is
required for optimum combustion.

Oxygen sensor before catalytic converter

Bosch LSH25 Oxygen Sensor

The pre-cat Bosch LSH 25 oxygen sensors measure
the residual oxygen content of the exhaust gas. The
sensors produces a low voltage (0-1000 mV) propor-
tional to the oxygen content that allows the ECM to
monitor the air/fuel ratio. 

The sensors are mounted in the hot exhaust stream
directly in front of the catalytic converters.

The “tip” of the sensor contains a microporous platinum
coating (electrodes) which conduct current. The plat-
inum electrodes are separated by solid electrolyte which
conducts oxygen ions. The platinum conductors are
covered with a highly porous ceramic coating and the
entire tip is encased in a ventilated metal “cage”. 

Exhaust gas composition before
catalytic converter

Index Explanation

1
Oxygen sensor upstream

of catalytic converter

2
Connection to the 

turbocharger

3 Ceramic structure 1

4
Catalytic converter outlet 

funnel

5 Ceramic structure 2

6 Oxygen sensor after ceramic structure 1

Index Explanation

1 Solids 0.005%

2 NOx 0.1%

3 HC 0.2%

4 CO 0.7%

5 CO2 14%

6 H2O 13%

7 Oxygen + others 1%

8 N2 71%
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Thisًـassemblyًـisًـsubmersedًـinًـtheًـexhaust
stream.ًـTheًـsensorًـbodyًـ(external)ًـhasًـa
smallًـventًـopeningًـinًـtheًـhousingًـthat
allowsًـambientًـairًـtoًـenterًـtheًـinsideًـofًـthe
tip.ًـ

Theًـambientًـairًـcontainsًـaًـconstantًـlevel
ofًـoxygenًـcontentًـً(%21)ـandًـtheًـexhaust
streamًـhasًـaًـmuchًـlowerًـoxygenًـcontent.
Theًـoxygenًـionsًـ(whichًـcontainًـsmallًـelec-
tricalًـcharges)ًـareًـ“purged”ًـthroughًـthe
solidًـelectrolyteًـbyًـtheًـhotًـexhaustًـgas
flow.ًـTheًـelectricalًـchargesًـ(lowًـvoltage)
areًـconductedًـbyًـtheًـplatinumًـelectrodesًـtoًـtheًـsensorًـsignalًـwireًـthatًـisًـmonitoredًـby
theًـECM.ًـ

Ifًـtheًـexhaustًـhasًـaًـlowerًـoxygenًـcontentًـ(richًـmixture),ًـthereًـwillًـbeًـaًـlargeًـionًـ“migra-
tion”ًـthroughًـtheًـsensorًـgeneratingًـaًـhigherًـvoltageًـ(ـ950ًmV).ًـ

Ifًـtheًـexhaustًـhasًـaًـhigherًـoxygenًـcontentًـ(leanًـmixture),ًـthereًـwillًـbeًـaًـsmallًـionًـ“migra-
tion”ًـthroughًـtheًـsensorًـgeneratingًـaًـlowerًـvoltageًـ(ـ080ًmV).ًـ

Thisًـvoltageًـsignalًـisًـconstantlyًـchangingًـdueًـtoًـcombustionًـvariationsًـandًـnormal
exhaustًـpulsations.

TheًـECMًـmonitorsًـtheًـlengthًـofًـtimeًـtheًـsensorsًـareًـoperatingًـinًـtheًـlean,ًـrichًـ(includ-
ingًـtheًـtimeًـofًـriseًـandًـfall)ًـandًـrestًـconditions.ًـTheًـevaluationًـperiodًـofًـtheًـsensorsًـis
overًـaًـpredefinedًـnumberًـofًـoscillationًـcycles.

Thisًـconductivityًـisًـefficientًـwhenًـtheًـoxygenًـsensorًـisًـhotًـ(250ºً300ـً-ـºًـC).ًـForًـthisًـrea-
son,ًـtheًـsensorًـcontainsًـaًـheatingًـelement.ًـThisًـ“heated”ًـsensorًـreducesًـwarmًـupًـtime,
andًـretainsًـtheًـheatًـduringًـlowًـengineًـspeedًـwhenًـtheًـexhaustًـtemperatureًـisًـcooler.ًـ
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Bosch LSU Planar Wideband Oxygen Sensor

Enginesًـequippedًـwithًـplanarًـwidebandًـoxygenًـsensorsًـ(pre-catalyst)ًـareًـidentifiedًـby
itsًـplanarًـshapeًـ(typeًـofًـconstruction)ًـwhichًـisًـmoreًـcompactًـandًـisًـmadeًـupًـofًـthinًـlay-
ersًـofًـzirconiumًـdioxideًـ(ZrO2)ًـceramicًـfilms.ًـThisًـmodularًـlaminationًـstructureًـenables
theًـintegrationًـofًـseveralًـfunctionsًـincludingًـtheًـheatingًـelementًـwhichًـensuresًـtheًـmin-
imumًـoperatingًـtemperatureًـ(ـ750ًºC)ًـisًـreachedًـrapidly.

Inًـcontrastًـtoًـconventionalًـoxygenًـsensors,ًـtheًـwidebandًـfeaturesًـcanًـmeasureًـnotًـonly
atًـLambda=1,ًـbutًـalsoًـinًـtheًـrichًـandًـextremelyًـleanًـrangeًـ(Lambda=0.7ًـtoًـcomplete
atmosphericًـoxygen)ًـveryًـrapidly.

Toًـoperateًـeffectively,ًـtheًـoxygenًـsensorًـrequiresًـambientًـairًـasًـtheًـ“referenceًـgas”
insideًـtheًـsensor.ًـThe ambient air reaches the inside of the sensor through the
plug connection and through the harness. Theًـplugًـconnectionًـsocketًـmustًـthere-
foreًـbeًـprotectedًـfromًـcontaminationًـ(wax,ًـpreservatives,ًـengineًـdegreasers,ًـengine
washing,ًـetc.).ًـInًـtheًـeventًـofًـtheًـoxygenًـsensorًـmalfunctioning,ًـtheًـconnectorًـshould
alwaysًـbeًـcheckedًـfirstًـwithًـregardًـtoًـcontaminationًـandًـcleanedًـifًـnecessary.ًـTheًـplug
connectionًـmustًـbeًـdisconnectedًـandًـthenًـreconnectedًـtoًـremoveًـanyًـoxidationًـfrom
theًـconnectorًـpins.

Theًـpumpًـcellًـandًـreferenceًـcellًـareًـmadeًـofًـzirconiumًـdioxideًـandًـeachًـcoatedًـwith
twoًـporousًـplatinumًـelectrodes.ًـTheyًـareًـarrangedًـsoًـthatًـthereًـisًـaًـmeasuringًـgapًـof
approx.ًـ10ًـtoًـ50ًـmicronsًـbetweenًـthem.ًـThisًـmeasuringًـgapًـisًـconnectedًـbyًـanًـinlet
openingًـtoًـtheًـexhaustًـgas.ًـTheًـpumpًـcellًـisًـcontrolledًـbyًـtheًـECMًـapplyingًـvoltageًـto
theًـelectrodesًـtoًـinitiateًـoxygenًـionًـpumpingًـacrossًـtheًـporousًـmembraneًـofًـtheًـrefer-
enceًـcell,ًـprovidingًـaًـquickerًـresponseًـtime.

Design of broadband oxygen sensor

Index Explanation

1 Insulation layer

2 Heating element

3 Reference air channel

4 Inner electrode, reference cell

5 Ceramic layer made of ZrO2

6 Outer electrode reference cell

7 Inner electrode, O2 pump cell

8 Diffusion gap

9 Porous diffusion barrier

10 Exhaust inlet hole

11 Ceramic layer made of ZrO2

12 Outer electrode, O2 pump cell

13 Protective layer
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Ifًـtheًـexhaustًـgasًـcontentًـisًـlean,ًـtheًـpumpًـcellًـpumpsًـoxygenًـawayًـfromًـtheًـmeasuring
gapًـtoًـtheًـoutside.ًـTheًـdirectionًـofًـflowًـisًـreversedًـforًـrichًـexhaustًـgasًـcontent,ًـthen
oxygenًـisًـpumpedًـfromًـtheًـexhaustًـgasًـintoًـtheًـmeasuringًـgap.ًـTheًـpumpًـcurrentًـflow
isًـproportionalًـtoًـtheًـoxygenًـconcentrationًـ(lean)ًـorًـtheًـoxygenًـrequirementًـ(rich).ًـThe
pumpًـisًـconstantlyًـworkingًـtoًـmaintainًـthatًـtheًـgasًـcompositionًـinًـtheًـmeasuringًـgapًـis
constantlyًـatًـLambda=1.ًـTheًـrequiredًـcurrentًـofًـtheًـpumpًـcellًـisًـevaluatedًـbyًـtheًـECM
asًـaًـsignalًـthatًـrepresentsًـoxygenًـcontentًـinًـtheًـexhaustًـgas.ًـ

Bosch LSU ADV (Planar Wideband)

TheًـBoschًـoxygenًـsensorًـLSUًـADVًـisًـusedًـasًـtheًـcontrolًـsensorًـbeforeًـtheًـcatalytic
converter.ًـTheًـabbreviationًـLSUًـstandsًـforًـ“LambdasondeًـUniversal”ًـandًـADVًـfor
“Advanced”.ًـTheًـfunctionًـisًـsimilarًـtoًـthatًـofًـtheًـLSUًـ4.9ًـoxygenًـsensorًـandًـisًـtherefore
describedًـinًـdetailًـinًـtheًـE71ًـX6ًـtrainingًـmaterialًـunderًـ“N63ًـengine”ًـavailableًـinًـTIS
andًـICP.ًـ

Theًـoxygenًـsensorًـbeforeًـcatalyticًـconverterًـ(LSUًـADV)ًـoffersًـtheًـfollowingًـadvantages:

• High signal stability specially during turbocharged operation due to low dynamic
pressure dependence.

• Increased durability due to reduced pump voltage.

• Increased accuracy (by a factor of 1.7 compared to LSU 4.9).

• Ready for operation in < 5 seconds.

• Greater temperature compatibility.

• Improved connector with more effective contacting properties.

The LSU ADV has an extended measuring range, making it possible to measure 
precisely from lambda 0.65. The new oxygen sensor is ready for operation faster so
that exact measured values are available within 5 seconds of start up.

The higher measuring dynamics of the sensor makes it possible to more effectively
determine and control the fuel-air ratio separately for each cylinder. This results in a
homogeneous exhaust flow that reduces emissions while also having a favorable effect
on long-term emission characteristics. 

Oxygen Sensor after Catalytic Converter
Theًـoxygenًـsensorًـafterًـcatalyticًـconverterًـisًـalsoًـknownًـasًـtheًـmonitoringًـsensor.
TheًـfamiliarًـBoschًـLSFًـ4.2ًـmonitoringًـsensorًـareًـusedًـinًـmostًـofًـourًـNGًـengines.

Theًـvoltageًـrangeًـisًـ0.10ًـtoًـ1.0ًـvolts.ًـًـ
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Oxygen Sensor Signals
Theًـsensorًـconductivityًـisًـefficientًـwhenًـtheًـoxygenًـsensorًـisًـhotًـ(750ºًـC).ًـForًـthisًـrea-
son,ًـtheًـsensorًـcontainsًـaًـheatingًـelement.ًـThisًـreducesًـwarmًـupًـtime,ًـandًـretainsًـthe
heatًـduringًـlowًـengineًـspeedًـwhenًـtheًـexhaustًـtemperatureًـisًـcooler.ًـTheًـoxygenًـsen-
sorًـheatingًـelementsًـreceiveًـpowerًـfromًـtheًـIVMًـ(ـ12ًV)ًـandًـtheًـgroundًـsupplyًـisًـpulse
widthًـmodulatedًـbyًـtheًـECM.

Theًـmonitoredًـvoltageًـsignalًـisًـconstantlyًـchangingًـdueًـtoًـcombustionًـvariationsًـand
normalًـexhaustًـpulsations.

.mAـ3ًـً.approxـrequiresًـcellًـpumpًـtheًـً,1ـً=ـLambdaًـofًـvalueًـaًـAtًـًـً•

Theًـoxygenًـsensorًـsignalًـvoltageًـisًـapprox.ً1.5ـV

Theًـreferenceًـcellًـvoltageًـisًـapprox.ً450ـmV

ـ0.3Vًـً.approxـisًـvoltageًـsignalًـsensorًـoxygenًـtheًـً,(rich)ـ1ً>ـvalueًـLambdaًـaًـAtًـًـً•

4.3Vـً.approxـisًـvoltageًـsignalًـsensorًـoxygenًـtheًـً,(lean)ـ1ً<ـvalueًـLambdaًـaًـAtًـًـً•

Ifًـnecessary,ًـtheًـECMًـwillًـ“correct”ًـtheًـair/fuelًـratioًـbyًـregulatingًـtheًـmsًـinjectionًـtime.

TheًـECMًـmonitorsًـtheًـlengthًـofًـtimeًـtheًـsensorsًـareًـoperatingًـinًـtheًـlean,ًـrichًـandًـrest

conditions.ًـTheًـevaluationًـperiodًـofًـtheًـsensorsًـisًـoverًـaًـpredefinedًـnumberًـofًـoscillation

cyclesًـandًـpumpًـcellًـamperage.
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Direct Oxygen Sensor Heating
Theًـoxygenًـsensorًـconductivityًـisًـefficientًـwhenًـitًـisًـhotًـ(600ºً700ـً-ـºًـC).ًـForًـthisًـrea-
son,ًـtheًـsensorsًـcontainًـheatingًـelements.ًـTheseًـ“heated”ًـsensorsًـreduceًـwarmًـup
time,ًـandًـretainًـtheًـheatًـduringًـlowًـengineًـspeedًـwhenًـtheًـexhaustًـtemperatureًـisًـcool-
er.ًـOBDًـIIًـrequiresًـmonitoringًـofًـtheًـoxygenًـsensorًـheatingًـfunctionًـandًـheatingًـele-
mentsًـforًـoperation.ًـ

TheًـfourًـoxygenًـsensorًـheatingًـcircuitsًـreceiveًـoperatingًـvoltageًـfromًـtheًـECMًـRelay
whenًـKL15ًـisًـswitchedًـ“ON”.ًـEachًـofًـtheًـsensorsًـheatersًـareًـcontrolledًـthroughًـsepa-
rateًـfinalًـstageًـtransistors.ًـ

Theًـsensorًـheatersًـareًـcontrolledًـwithًـaًـpulseًـwidthًـmodulatedًـvoltageًـduringًـaًـcold
start.ًـThisًـallowsًـtheًـsensorsًـtoًـbeًـbroughtًـupًـtoًـoperatingًـtemperatureًـwithoutًـthe
possibilityًـofًـthermalًـshock.ًـTheًـdutyًـcycleًـisًـthenًـvariedًـtoًـmaintainًـtheًـheatingًـofًـthe
sensors.

Whenًـtheًـengineًـisًـdeceleratingًـ(closedًـthrottle),ًـtheًـECMًـincreasesًـtheًـdutyًـcycleًـof
theًـheatingًـelementsًـtoًـcompensateًـforًـtheًـdecreasedًـexhaustًـtemperature.
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Testing the Oxygen Sensor 
TestingًـshouldًـbeًـperformedًـusingًـISTA/IMIBًـOscilloscope.ًـList.ًـTheًـscopeًـpattern
shouldًـappearًـforًـaًـnormalًـoperatingًـsensor.ًـ

Ifًـtheًـsignalًـremainsًـhighًـ(richًـcondition)ًـtheًـfollowingًـshouldًـbeًـchecked:ًـ

• FuelًـInjectors

• FuelًـPressure

• IgnitionًـSystem

• InputًـSensorsًـthatًـinfluenceًـair/fuelًـmixture

• EngineًـMechanical

Ifًـtheًـsignalًـremainsًـlowًـ(leanًـcondition)ًـtheًـfollowingًـshouldًـbeًـchecked:

• Air/Vacuumًـleak

• FuelًـPressure

• InputًـSensorًـthatًـinfluenceًـair/fuelًـmixture

• EngineًـMechanical

A MIXTURE RELATED FAULT CODE SHOULD BE INVESTIGATED
FIRST AND DOES NOT ALWAYS INDICATE A DEFECTIVE OXYGEN

SENSOR! 
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Catalytic Converter Monitoring

Theًـefficiencyًـofًـcatalystًـoperationًـisًـdeter-
minedًـbyًـevaluatingًـtheًـoxygenًـconsumption
ofًـtheًـcatalyticًـconvertersًـusingًـtheًـpreًـand
postًـoxygenًـsensorًـsignals.ًـAًـproperlyًـoperat-
ingًـcatalystًـconsumesًـmostًـofًـtheًـO2ًـ(oxy-
gen)ًـthatًـisًـpresentًـinًـtheًـexhaustًـgasًـ(input
toًـcatalyst).ًـTheًـgasesًـthatًـflowًـintoًـtheًـcata-
lystًـareًـconvertedًـfromًـCO,ًـHCًـandًـNOxًـto
CO2,ًـH2OًـandًـN2ًـrespectively.

Inًـorderًـtoًـdetermineًـifًـtheًـcatalystsًـareًـwork-
ingًـcorrectly,ًـpostًـcatalystًـoxygenًـsensorsًـare
installedًـtoًـmonitorًـexhaustًـgasًـcontentًـexitingًـtheًـcatalysts.ًـTheًـsignalًـofًـtheًـpostًـcat.
O2ًـsensorًـisًـevaluatedًـoverًـtheًـcourseًـofًـseveralًـpreًـcat.ًـO2ًـsensorًـoscillations.

Duringًـtheًـevaluationًـperiod,ًـtheًـsignalًـofًـtheًـpostًـcat.ًـsensorًـmustًـremainًـwithinًـaًـrela-
tivelyًـconstantًـvoltageًـrangeًـ(ـ800ًـً-ـ700ًmV).ًـTheًـpostًـcat.ًـO2ًـvoltageًـremainsًـhigh
withًـaًـveryًـslightًـfluctuation.ًـThisًـindicatesًـaًـfurtherًـlackًـofًـoxygenًـwhenًـcomparedًـto
theًـpreًـcat.ًـsensor.ًـ

Ifًـthisًـsignalًـdecreasedًـinًـvoltageًـand/orًـincreasedًـinًـfluctuation,ًـaًـfaultًـcodeًـwillًـbeًـset
forًـCatalystًـEfficiencyًـandًـtheًـ“MalfunctionًـIndicatorًـLight”ًـwillًـilluminateًـwhenًـtheًـOBD
IIًـcriteriaًـisًـachieved.

Good 
Signal

Defective
Signal



On-Board Refueling Vapor Recovery (ORVR)

TheًـORVRًـsystemًـrecoversًـandًـstoresًـhydrocarbonًـfuelًـvaporًـthatًـwasًـpreviously
releasedًـduringًـrefueling.ًـNonًـORVRًـvehiclesًـventًـfuelًـvaporsًـfromًـtheًـtankًـventingًـline
backًـtoًـtheًـfillerًـneckًـandًـinًـmanyًـstatesًـreclaimedًـbyًـaًـvacuumًـreceiverًـonًـtheًـfilling
station’sًـfuelًـpumpًـnozzle.ًـ

WhenًـrefuelingًـanًـORVRًـequippedًـvehicle,ًـtheًـpressureًـofًـtheًـfuelًـenteringًـtheًـtank
forcesًـtheًـhydrocarbonًـvaporsًـthroughًـtheًـFillingًـVentًـValveًـً(2)ـandًـtheًـlargeًـtankًـventi-
lationًـlineًـً(4)ـintoًـtheًـCarbonًـCanisterًـً.(6)ـTheًـHCًـisًـstoredًـinًـtheًـCarbonًـCanisterًـand
theًـsystemًـcanًـthenًـ“breathe”ًـthroughًـtheًـDM-TLًـً(7)ـandًـtheًـfilterً(8)ـ.
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Index Explanation Index Explanation

1 Overpressureًـprotectionًـvalve 9 Atmosphericًـventًـline

2 Fillingًـventًـvalveًـ(rolloverًـvalve) 10 DM-TL (electricalًـcontrolًـcircuit)

3 Operatingًـventًـvalve 11 ECMًـ(DME)

4 Ventilationًـline 12 Evaporativeًـemissionًـ(purge)ًـcontrolًـvalve

5 Mushroomًـvalveًـ(“T”ًـfitting) 13 Evaporativeًـemissionًـ(purge)ًـline

6 Carbonًـcanister 14 Intakeًـmanifold

7 DM-TL (leakageًـdiagnosisًـpump) 15 Engineًـairًـfilter

8 Filter 16 M54ًـengineًـ
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TheًـventilationًـcontinuesًـuntilًـtheًـrisingًـfuelًـlevelًـliftsًـtheًـfloatًـinًـtheًـFillingًـVentًـValve
vapor)ـcushionًـpressureًـaًـً,closedـisًـoutletًـventilationًـtheًـWhenًـً.outletـtheًـclosesًـandًـً(2)
area)ًـisًـcreatedًـinًـtheًـfuelًـtank.ًـThisًـcreatesًـaًـbackupًـofًـfuelًـintoًـtheًـfillerًـneckًـandًـthe
tankًـisًـfull.

Thisًـleavesًـaًـvaporًـareaًـofًـapproximatelyًـ6ًـlitersًـaboveًـtheًـfuelًـlevel.ًـThisًـareaًـprovides
integralًـliquid/vaporًـseparation.ًـTheًـvaporًـcondensatesًـseparateًـandًـdrainًـbackًـintoًـthe
fuel.ًـTheًـremainingًـvaporsًـexitًـtheًـfuelًـtankًـ(whenًـsufficientًـpressureًـisًـpresent)ًـthrough
theًـOperatingًـVentًـValveًـً(3)ـtoًـtheًـCarbonًـCanister.ًـ

A small diameter connection to the filler neck is provided by the
Mushroom Valve “T fitting” (5). This is necessary for checking the
filler cap/neck during Evaporative Leak Testing.

The Operating Vent Valve is also equipped with a protection float in
the event of an “overfill” situation.  
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On-Board Refueling Vapor Recovery (ORVR) E9x Vehicles

Index Explanation Index Explanation

1 Electric Fuel Pump 13 Fuel Level Sensor

2 Feed Line 14 Refuelling Line Connection Piece

3 Check Valve 15 Refuelling Ventilation Line

4 Fuel Filter 16 Refuelling Ventilation

5 Feed Line to Engine 17 Left Operation Ventilation Valve

6 Fuel Injector 18 Right Operation Ventilation Valve

7 Pressure Regulator 19 Operation Ventilation Line

8 Check Valve 20 Diagnosis Module for Tank Leakage (DM-TL)

9 Left Suction Jet Pump 21 Atmosphere Line

10 Right Suction Jet Pump 22 Carbon Canister

11 Initial Filling Valve 23 Fuel Tank Vent Valve

12 Fuel Baffle 24 Digital Motor Electronics
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TheًـORVRًـsystemًـrecoversًـandًـstoresًـhydrocarbonًـfuelًـvaporsًـduringًـrefueling.ًـًـWhen
refuelingًـtheًـE90,ًـaًـdownwardًـopenًـadapterًـً(14)ـisًـlocatedًـonًـtheًـrefuelingًـventilation
lineًـً(15)ـinًـtheًـfuelًـtank.ًـًـًـDuringًـtheًـrefuelingًـprocedure,ًـtheًـairًـcanًـescapeًـoutًـofًـthe
tankًـviaًـtheًـrefuelingًـventilationًـlineًـً(15)ـandًـtheًـfuelًـfillerًـneck.ًـ

Whenًـtheًـfuelًـlevelًـrisesًـupًـtoًـtheًـopeningًـofًـtheًـrefuelingًـventilationًـline,ًـitًـisًـclosedًـoff
andًـtheًـfuelًـlevelًـincreasesًـinًـtheًـfuelًـfillerًـneckًـupًـtoًـtheًـfuelًـstationًـpump.ًـًـTheًـfuel
stationًـpumpًـthenًـswitchesًـoffًـautomatically.

Afterًـtheًـfuelًـstationًـpumpًـhasًـswitchedًـoff,ًـanًـexpansionًـvolumeًـ(approx.ًـ10ًـliters)
remainsًـaboveًـtheًـrefuelingًـventilationًـline.

Ventilation During Engine Operation
Theًـfuelًـvaporsًـproducedًـinًـtheًـfuelًـtankًـpass:

• throughًـtheًـoperationًـventilationًـvalvesًـً(18ـً+ـ17ً)ـ

• throughًـtheًـventilationًـlineً(19)ـ,

• intoًـtheًـcarbonًـcanisterًـAKFً(20)ـ,

• throughًـtheًـpurgeًـairًـlineًـand

• throughًـtheًـfuelًـtankًـventًـvalveًـTEVً(22)ـ,

• toًـtheًـengineًـintakeًـmanifold.

Theًـtwoًـoperationًـventilationًـvalvesًـareًـlocatedًـaboveًـtheًـrefuelingًـventilationًـadapter
aـhasًـonlyًـً(17)ـvalveًـventilationًـoperationًـleftًـTheًـًـً.lineـaًـbyًـconnectedًـareًـTheyًـًـً.(14)
ventilationًـfunctionًـwhileًـtheًـrightًـoperationًـventilationًـvalveًـً(18)ـadditionallyًـhasًـaًـpres-
sureًـholdingًـfunctionًـ(ـ50ًmbar).

Theًـaimًـofًـtheًـpressureًـholdingًـfunctionًـisًـtoًـavoidًـtheًـremainingًـairًـofًـtheًـexpansion
volumeًـescapingًـviaًـtheًـcarbonًـcanisterًـwhileًـrefuelingًـ(withًـrefuelingًـventilationًـline
closed).



Evaporative Leakage Detection (DM-TL)

Thisًـcomponentًـensuresًـaccurateًـfuelًـsystemًـleak
detectionًـforًـleaksًـasًـsmallًـasًـ0.5ًـmmًـbyًـslightly
pressurizingًـtheًـfuelًـtankًـandًـevaporativeًـcompo-
nents.ًـTheًـDM-TLًـpumpًـcontainsًـanًـintegralًـDC
motorًـwhichًـisًـactivatedًـdirectlyًـbyًـtheًـECM.ًـThe
ECMًـmonitorsًـtheًـpumpًـmotorًـoperatingًـcurrentًـas
theًـmeasurementًـforًـdetectingًـleaks.

TheًـpumpًـalsoًـcontainsًـanًـECMًـcontrolledًـchange
overًـvalveًـthatًـisًـenergizedًـclosedًـduringًـaًـLeak
Diagnosisًـtest.ًـTheًـchangeًـoverًـvalveًـisًـopenًـduring
allًـotherًـperiodsًـofًـoperationًـallowingًـtheًـfuelًـsystem
toًـ“breath”ًـthroughًـtheًـinletًـfilter.ًـTheًـDM-TLًـis
locatedًـunderًـtheًـluggageًـcompartmentًـfloorًـwithًـthe
CarbonًـCanister.

theـentersًـairًـfreshًـfilteredًـً,stateـinactiveًـitsًـInًـً.1
evaporativeًـsystemًـthroughًـtheًـsprungًـopen
valveًـofًـtheًـDM-TL.

leakـforًـDM-TLًـtheًـactivatesًـDMEًـtheًـWhenًـً.2
testing,ًـitًـfirstًـactivatesًـonlyًـtheًـpumpًـmotor.
Thisًـpumpsًـairًـthroughًـaًـrestrictorًـorificeً0.5)ـ
mm)ًـwhichًـcausesًـtheًـelectricًـmotorًـtoًـdrawًـa
specificًـamperageًـvalue.ًـThisًـvalueًـisًـequivalent
toًـtheًـsizeًـofًـtheًـrestrictor.

sealsـwhichًـenergizedًـthenًـisًـvalveًـsolenoidًـTheًـً.3
theًـevaporativeًـsystemًـandًـdirectsًـtheًـpump
outputًـtoًـpressurizeًـtheًـevaporativeًـsystem.

evaporativeـtheًـinًـdetectedًـisًـleakًـlargeًـAًـً•
systemًـifًـtheًـamperageًـvalueًـisًـnotًـachieved.

referenceـsameًـtheًـifًـdetectedًـisًـleakًـsmallًـAًـً•
amperageًـisًـachieved.

isـvalueًـamperageًـtheًـifًـsealedًـisًـsystemًـTheًـً•
higherًـthanًـtheًـreferenceًـamperage.

1

2

3
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To prevent condensation buildup in the DM-TL pump, a heating element is integrated

into the housing of the pump.  The heating element is ground controlled by the ECM.

SSP-SP0000052267 Diagnostic module for fuel tank leakage 
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Test Results
Theًـtimeًـdurationًـvariesًـbetween
onـdependingًـsecondsًـ360ًـً&ـ30ً
theًـresultingًـleakًـdiagnosisًـtest
resultsًـ(developedًـtankًـpressure
“amperage”ًـwithinًـaًـspecificًـtime
period).

WhenًـtheًـECMًـdetectsًـaًـleak,ًـa
faultًـwillًـbeًـstoredًـandًـthe
“MalfunctionًـIndicatorًـLight”ًـwill
beًـilluminated.ًـDependingًـonًـthe
amperageًـmeasurementًـdetected
byًـtheًـECM,ًـtheًـfaultًـcodeًـdis-
playedًـwillًـbeًـ“smallًـleak”ًـorًـ“large
leak”.

Index Explanation Index Explanation

A Current 2 Leak = 0.5mm

B Overpressure 25hPa (25mbar) 3 No leak in system (leak <0.5mm)

C Time 4 Reference measurement (leak 0.5mm)

1 Leak >1mm 5 Leakage measurement
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Refuelling While a Leak Diagnosis is Taking Place:
TheًـECMًـdetectsًـrefuelingًـduringًـaًـleakًـdiagnosisًـasًـa
resultًـofًـtheًـpressureًـdropًـwhenًـtheًـfuelًـfillerًـcapًـisًـopened
andًـtheًـincreaseًـpressureًـwhileًـfillingًـtheًـtankًـisًـbeingًـfilled.

Inًـthisًـcase,ًـtheًـleakageًـdiagnosisًـisًـinterrupted.ًـTheًـsole-
noidًـvalveًـinًـtheًـDM-TLًـisًـswitchedًـoffًـandًـtheًـtankًـpres-
sureًـescapesًـthroughًـtheًـactivatedًـcarbonًـcanister.

Ifًـrefuelingًـdoesًـnotًـtakeًـplaceًـimmediatelyًـafterًـtheًـfuel
fillerًـcapًـhasًـbeenًـopened,ًـtheًـsystemًـwillًـdetectًـaًـlarge
leakًـandًـtheًـaًـfaultًـwillًـbeًـstoredًـinًـtheًـECM.ًـIfًـrefuelingًـis
detectedًـinًـtheًـnextًـdrivingًـcycleًـ(increaseًـinًـfuelًـlevel),ًـthe
faultًـisًـcleared.

TheًـECMًـdetectsًـrefuelingًـfromًـaًـchangeًـinًـtheًـfuelًـtankًـsendingًـunitًـlevel.ًـIfًـtheًـfiller
capًـwasًـnotًـproperlyًـinstalled,ًـwhenًـtheًـleakageًـtestًـisًـperformedًـandًـleakageًـis
detected;ًـtheًـvariableًـindicatorًـlampًـ(shownًـtoًـtheًـright)ًـandًـtheًـ“PleaseًـCloseًـFiller
Cap”ًـCheckًـControlًـmessageًـwillًـbeًـdisplayed.ًـًـًـ

Ifًـtheًـfillerًـcapًـisًـcorrectlyًـinstalledًـandًـleakageًـisًـnotًـpresentًـtheًـnextًـtimeًـtheًـtestًـis
performed,ًـtheًـ“MalfunctionًـIndicatorًـLight”ًـwillًـnotًـbeًـilluminated.ًـ

Starting with 2002 MY,ًـaًـheatingًـelementًـwasًـaddedًـtoًـtheًـDMًـTLًـpumpًـtoًـelimi-
nateًـcondensation.

TheًـheaterًـisًـprovidedًـbatteryًـvoltageًـwhenًـKL_15ًـisًـswitchedًـ“on”ًـandًـtheًـECMًـpro-
videsًـtheًـgroundًـpathًـ(seeًـpageً47ـ).
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Principle of Operation
The Evaporative Leakage Detection isًـperformedًـonًـtheًـfuelًـstorageًـsystemًـbyًـthe
DM-TLًـpumpًـwhichًـcontainsًـanًـintegralًـDCًـmotorًـthatًـisًـactivatedًـbyًـtheًـECM.ًـThe
ECMًـmonitorsًـtheًـpumpًـmotorًـoperatingًـcurrentًـasًـtheًـmeasurementًـforًـdetecting
leaks.

TheًـpumpًـalsoًـcontainsًـanًـECMًـcontrolledًـchangeًـoverًـvalveًـthatًـisًـenergizedًـclosed
duringًـaًـLeakًـDiagnosisًـtest.ًـTheًـECMًـinitiatesًـaًـleakًـdiagnosisًـtestًـeveryًـtime theًـcri-
teriaًـareًـmet.ًـTheًـcriteriaًـisًـasًـfollows:

• EngineًـOFF withًـignitionًـswitchedًـOFF.

• ECMًـstillًـinًـactiveًـstateًـorًـwhatًـisًـknownًـasًـ“followًـupًـmode”ًـ(ECMًـRelayًـener-
gized,ًـECMًـandًـcomponentsًـonlineًـforًـextendedًـperiodًـafterًـkeyًـoff).

• PriorًـtoًـEngine/IgnitionًـswitchًـOFFًـcondition,ًـvehicleًـmustًـhaveًـbeenًـdrivenًـforًـa
minimumًـofًـ20ًـminutes.

• Priorًـtoًـminimumًـ20ًـminuteًـdrive,ًـtheًـvehicleًـmustًـhaveًـbeenًـOFFًـforًـaًـminimum
ofًـ5ًـhours.

• FuelًـTankًـCapacityًـmustًـbeًـbetweenً15ـ and 85% (safeًـapproximationًـbetween
ـً.(tankـaًـofًـ3/4ًـً-ـ1/4ً

• AmbientًـAirًـTemperatureًـbetweenً4ـ°C & 35°C (40°Fً95ـً&ـ°Fًـ)

• Altitudeً2500 >ـm .(feetـ8,202ً)

• BatteryًـVoltageًـً-ـbetween 10.95 and 14.5 Volts

PHASE 1 - Reference Measurement

TheًـECMًـactivatesًـtheًـpumpًـmotor.ًـThe
pumpًـpullsًـairًـfromًـtheًـfilteredًـairًـinletًـand
passesًـitًـthroughًـaًـpreciseًـ0.5ًـmmًـreference
orificeًـinًـtheًـpumpًـassembly.ًـTheًـECMًـsimul-
taneouslyًـmonitorsًـtheًـpumpًـmotorًـcurrent
flow.ًـTheًـmotorًـcurrentًـraisesًـquicklyًـandًـlev-
elsًـoffًـ(stabilizes)ًـdueًـtoًـtheًـorificeًـrestriction.
TheًـECMًـstoresًـtheًـstabilizedًـamperageًـvalue
inًـmemory.ًـTheًـstoredًـamperageًـvalueًـisًـthe
electricalًـequivalentًـofًـaًـ0.5ًـmmًـً(”0.020)ـleak.
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PHASE 2 - Leak Detection

TheًـECMًـenergizesًـtheًـChangeًـOverًـValveًـallowingًـtheًـpressurizedًـairًـtoًـenterًـtheًـfuel
systemًـthroughًـtheًـCharcoalًـCanister.ًـTheًـECMًـmonitorsًـtheًـcurrentًـflowًـandًـcom-
paresًـitًـwithًـtheًـstoredًـreferenceًـmeasurementًـoverًـaًـdurationًـofًـtime.ًـ

Onceًـtheًـtestًـisًـconcluded,ًـtheًـECMًـstopsًـtheًـpumpًـmotorًـandًـimmediatelyًـde-ener-
gizesًـtheًـchangeًـoverًـvalve.ًـThisًـallowsًـtheًـstoredًـpressureًـtoًـventًـthoroughًـtheًـchar-
coalًـcanisterًـtrappingًـhydrocarbonًـvaporًـandًـventingًـairًـtoًـatmosphereًـthroughًـtheًـfil-
ter.
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Evaporative Emission Purging
EvaporativeًـEmissionًـPurgingًـisًـregulatedًـbyًـthe
ECMًـcontrollingًـtheًـEvaporativeًـEmissionًـValve.ًـThe
EvaporativeًـEmissionًـValveًـisًـaًـsolenoidًـthatًـregu-
latesًـpurgeًـflowًـfromًـtheًـActiveًـCarbonًـCanisterًـinto
theًـintakeًـmanifold.ًـTheًـECMًـRelayًـprovidesًـoperat-
ingًـvoltage,ًـandًـtheًـECMًـcontrolsًـtheًـvalveًـbyًـregu-
latingًـtheًـgroundًـcircuit.ًـTheًـvalveًـisًـpoweredًـopen
andًـclosedًـbyًـanًـinternalًـspring.

Theًـ“purging”ًـprocessًـtakesًـplaceًـwhen:

activeـisًـControlًـSensorًـOxygenًـً•

Cـ67ºًـً<ـisًـTemperatureًـCoolantًـEngineًـً•

presentـisًـLoadًـEngineًـً•

TheًـEvaporativeًـEmissionًـValveًـisًـopenedًـinًـstagesًـtoًـmoderateًـtheًـpurging.

.msـ150ًـforًـclosesًـthenًـandًـً(milli-seconds)ـmsًـ10ًـforًـvalveًـtheًـopensًـ1ًـStageًـً•

valveـtheًـuntilًـً(stagesـ16ًـtoًـupً)ـtimesًـopeningًـincreasingًـwithًـcontinueًـstagesًـTheًـً•
isًـcompletelyًـopen.ًـ

orderـreverseًـinًـstagesًـ16ًـinًـcloseًـtoًـstartsًـnowًـvalveًـTheًـً•

forـinactiveًـisًـfunctionًـTheًـً.completeـtoًـminutesًـ6ًـtakesًـprocessًـstagedًـThisًـً•
.againـoverًـallًـprocessًـtheًـstartsًـthenًـminuteًـ1ً

-operaـthrottleًـfullًـduringًـopenedًـcompletelyًـisًـvalveًـtheًـprocessًـpurgingًـtheًـDuringًـً•
tionًـandًـisًـcompletelyًـclosedًـduringًـdecelerationًـfuelًـcutoff.ًـًـ

Evaporative Purge System Flow Check isًـperformedًـbyًـtheًـECMًـwhenًـtheًـoxygen
sensorًـcontrolًـandًـpurgingًـisًـactive.ًـWhenًـtheًـEvaporativeًـEmissionًـValveًـisًـopenًـthe
ECMًـdetectsًـaًـrich/leanًـshiftًـasًـmonitoredًـbyًـtheًـoxygenًـsensorsًـindicatingًـtheًـvalveًـis
functioningًـproperly.ًـ

IfًـtheًـECMًـdoesًـnotًـdetectًـaًـrich/leanًـshift,ًـaًـsecondًـstepًـisًـperformedًـwhenًـtheًـvehi-
cleًـisًـstationaryًـandًـtheًـengineًـisًـatًـidleًـspeed.ًـTheًـECMًـopensًـandًـcloseًـtheًـvalve
(abruptly)ًـseveralًـtimesًـandًـmonitorsًـtheًـengineًـrpmًـforًـchanges.ًـIfًـthereًـareًـno
changes,ًـaًـfaultًـcodeًـwillًـbeًـset.ًـ
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Carbon Canister

Asًـtheًـhydrocarbonًـvaporsًـenterًـtheًـcanister,ًـtheyًـwillًـbeًـabsorbedًـbyًـtheًـactiveًـcarbon.
Theًـremainingًـairًـwillًـbeًـventedًـtoًـtheًـatmosphereًـthroughًـtheًـendًـofًـtheًـcanister,ًـDM
TLًـandًـfilter,ًـallowingًـtheًـfuelًـtankًـtoًـ“breath”.ًـ

Whenًـtheًـengineًـisًـrunning,ًـtheًـcanisterًـisًـ"purged"ًـusingًـintakeًـmanifoldًـvacuumًـto
drawًـairًـthroughًـtheًـcanisterًـwhichًـextractsًـtheًـHCًـvaporsًـintoًـtheًـcombustionًـcham-
ber.ًـ

TheًـCarbonًـCanisterًـwithًـDMًـTLًـandًـairًـfilterًـareًـlocatedًـatًـtheًـrightًـrearًـundersideًـof
theًـvehicle,ًـbelowًـtheًـluggageًـcompartmentًـfloor.

Evaporative Emission Valve

ThisًـECMًـcontrolledًـsolenoidًـvalveًـregulates
theًـpurgeًـflowًـfromًـtheًـCarbonًـCanisterًـinto
theًـintakeًـmanifold.ًـTheًـECMًـRelayًـprovides
operatingًـvoltage,ًـandًـtheًـECMًـcontrolsًـthe
valveًـbyًـregulatingًـtheًـgroundًـcircuit.ًـThe
valveًـisًـpoweredًـopenًـandًـclosedًـbyًـanًـinter-
nalًـspring.

IfًـtheًـEvaporativeًـEmissionًـValveًـcircuitًـis
defective,ًـaًـfaultًـcodeًـwillًـbeًـsetًـandًـthe
“MalfunctionًـIndicatorًـLight”ًـwillًـilluminate
whenًـtheًـOBDًـIIًـcriteriaًـisًـachieved.

Ifًـtheًـvalveًـisًـ“mechanically”ًـdefective,ًـaًـdrive-
abilityًـcomplaintًـcouldًـbeًـencounteredًـandًـa
mixtureًـrelatedًـfaultًـcodeًـwillًـbeًـset.ًـ
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Secondary Air Injection 

ThisًـsystemًـisًـrequiredًـtoًـreduceًـHCًـandًـCOًـemissionsًـwhileًـtheًـengineًـisًـwarmingًـup.
Immediatelyًـfollowingًـaًـcoldًـengineًـstartًـ(-ـ10ًtoً60ـ°C)ًـfreshًـair/oxygenًـisًـinjected
directlyًـintoًـtheًـexhaustًـstream.

TheًـtemperatureًـsignalًـisًـprovidedًـtoًـtheًـECMًـbyًـtheًـAirًـTemperatureًـSensorًـinًـthe
HFM.ًـ

TheًـECMًـprovidesًـaًـgroundًـcircuitًـtoًـactivateًـtheًـSecondaryًـAirًـInjectionًـPumpًـRelay.
TheًـrelayًـsuppliesًـvoltageًـtoًـtheًـSecon-daryًـAirًـInjectionًـPump.ًـ

Theًـsingleًـspeedًـpumpًـrunsًـforًـapproximatelyًـ90ًـsecondsًـafterًـengineًـstartًـup.

Below -10º C/ the pump is activated briefly to “blow out”
any accumulated moisture.
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Secondary Air Injection Monitoring 
TheًـmonitoringًـofًـSecondaryًـAirًـisًـperformed
byًـtheًـECMًـviaًـtheًـuseًـofًـtheًـpre-catalyst
oxygenًـsensors.ًـOnceًـtheًـairًـpumpًـisًـactive
andًـisًـairًـinjectedًـintoًـtheًـexhaustًـsystemًـthe
oxygenًـsensorًـsignalsًـwillًـindicateًـaًـleanًـcon-
ditionًـ(upًـtoًـ16ًـseconds).ًـ

Ifًـtheًـoxygenًـsensorًـsignalsًـdoًـnotًـchange
withinًـaًـpredefinedًـtimeًـaًـfaultًـwillًـbeًـsetًـand
identifyًـtheًـfaultyًـbank.ًـ

Ifًـtheًـadditionalًـoxygenًـisًـnotًـdetectedًـforًـtwo
consecutiveًـcoldًـstarts,ًـtheًـECMًـdetermines
aًـgeneralًـfaultًـwithًـtheًـfunctionًـofًـtheًـsecondaryًـairًـinjectionًـsystem.ًـAfterًـcompleting
theًـnextًـcoldًـstartًـandًـaًـfaultًـisًـagainًـpresentًـtheًـ"MalfunctionًـIndicatorًـLight”ًـwillًـbe
illuminatedًـwhenًـtheًـOBDًـIIًـcriteriaًـisًـachieved.ًـ

Secondary Air System
AsًـonًـN73 engine,ًـtheًـN74 isًـequippedًـwithًـaًـsecondaryًـairًـsystem.ًـًـBlowingًـadditional
airًـ(secondaryًـair)ًـintoًـtheًـexhaustًـgasًـductًـinًـtheًـcylinderًـheadًـduringًـtheًـwarm-up
phaseًـinitiatesًـthermalًـpost-combustionًـthatًـleadsًـtoًـaًـreductionًـinًـtheًـunburnedًـhydro-
carbonsًـ(HC)ًـandًـcarbonًـmonoxideًـ(CO)ًـcontainedًـinًـtheًـexhaustًـgas.ًـًـTheًـenergyًـgen-
eratedًـhereًـheatsًـupًـtheًـcatalyticًـconverterًـfasterًـinًـtheًـwarm-upًـphaseًـandًـincreases
itsًـconversionًـrate.ًـًـTheًـcatalyticًـconverterًـresponseًـtemperatureًـ(light-offًـtemperature)
ofً300ـ°Cًـisًـreachedًـonlyًـaًـfewًـsecondsًـafterًـtheًـengineًـisًـstarted.

Whatًـisًـnewًـisًـthatًـthereًـisًـoneًـpressureًـsensorًـbeforeًـeachًـsecondaryًـairًـvalve.ًـًـThe
functionًـofًـtheًـsecondaryًـairًـsystemًـisًـmonitoredًـbyًـregisteringًـtheًـpressureًـconditions.

Secondary air pump

Theًـelectricallyًـoperatedًـsecondaryًـairًـpumpًـis
attachedًـtoًـtheًـcylinderًـheadًـofًـcylinderًـbankًـً.1ـ

Duringًـtheًـwarm-upًـphase,ًـtheًـpumpًـdrawsًـin
freshًـairًـfromًـtheًـengineًـcompartment.ًـThisًـis
cleanedًـbyًـtheًـfilterًـintegratedًـinًـtheًـpumpًـand
deliveredًـacrossًـtheًـpressureًـlineًـtoًـtheًـtwoًـsec-
ondaryًـairًـvalves.

Afterًـtheًـengineًـstart,ًـtheًـsecondaryًـairًـpumpًـisًـsuppliedًـwithًـvehicleًـvoltageًـbyًـthe
DMEًـviaًـtheًـsecondaryًـairًـpumpًـrelay.ًـًـTheًـswitched-onًـperiodًـisًـaboutًـ20ًـseconds
andًـitًـdependsًـessentiallyًـonًـtheًـcoolantًـtemperatureًـatًـengineًـstart.ًـItًـisًـactivatedًـfrom
aًـcoolantًـtemperatureًـofً5+ـ°Cًـtoً50+ـ°Cًـ(40°Fًـtoً120ـ°F).

55
EmissionsًـManagement



Secondary air valve

Aًـsecondaryًـairًـvalveًـisًـboltedًـontoًـtheًـrearًـofًـeachًـcylinderًـhead.ًـًـTheًـsecondaryًـair
valveًـopensًـasًـsoonًـasًـtheًـsystemًـpressureًـgeneratedًـbyًـtheًـsecondaryًـairًـpump
exceedsًـtheًـopeningًـpressureًـofًـtheًـvalve.ًـًـSecondaryًـairًـisًـfedًـviaًـtheًـsecondaryًـair
lineًـintoًـtheًـelongatedًـpassageًـofًـtheًـcylinderًـhead.ًـFromًـtheًـelongatedًـpassage,ً24ـ
tapًـholesًـleadًـtoًـtheًـ12ًـexhaustًـductsًـwhereًـtheًـthermalًـpost-combustionًـtakesًـplace.

Theًـsecondaryًـairًـvalveًـclosesًـasًـsoonًـasًـtheًـsecondaryًـairًـpumpًـswitchesًـoff,ًـthus
preventingًـexhaustًـgasًـfromًـflowingًـbackًـtoًـtheًـsecondaryًـairًـpump.

On-board diagnosis of secondary air system

Monitoringًـtakesًـplaceًـwithًـtheًـhelpًـofًـtheًـpressureًـsensorsًـthatًـareًـfittedًـbeforeًـeachًـ
ofًـtheًـsecondaryًـairًـvalves.ًـTheًـexhaustًـgasًـoxygenًـsensorsًـareًـalsoًـused.

Theًـoverallًـdiagnosisًـisًـdividedًـintoًـaًـroughًـdiagnosisًـthatًـbeginsًـimmediatelyًـafterًـthe
secondaryًـairًـpumpًـstartsًـupًـandًـtheًـfineًـdiagnosisًـthatًـbeginsًـaroundًـ12ًـtoًـ14ًـsec-
ondsًـafterًـtheًـsecondaryًـairًـinjectionًـstarts.

Theًـroughًـdiagnosisًـusesًـonlyًـtheًـpressureًـsignals.ًـEveryًـfaultًـinًـtheًـsecondaryًـairًـsys-
temًـisًـdetectedًـifًـthereًـisًـaًـdropًـbelowًـaًـminimumًـpressureًـinًـtheًـeventًـofًـaًـleakageًـor
ifًـaًـmaximumًـpressureًـisًـexceededًـwhenًـaًـvalveًـisًـcloggedًـorًـjammedًـclosed.ًـHowever,
underًـcertainًـcircumstances,ًـitًـmightًـnotًـbeًـpossibleًـtoًـassignًـtheًـfaultًـcorrectly,
becauseًـtheًـpressureًـsensorsًـindicateًـtheًـsameًـpressureًـdueًـtoًـtheًـconnectingًـline.

Theًـfineًـdiagnosisًـusesًـtheًـexhaustًـgasًـoxygenًـsensorًـsignalsًـinًـadditionًـtoًـtheًـpres-
sureًـsignals.ًـًـTheًـcombinationًـofًـexceedingًـorًـfallingًـshortًـofًـfaultًـthresholdsًـforًـthe
pressureًـandًـexhaustًـgasًـoxygenًـsensorًـvaluesًـmeansًـtheًـfaultًـcanًـbeًـprecisely
assignedًـtoًـtheًـrelevantًـcylinderًـbank.ًـTheًـfineًـdiagnosisًـreliesًـonًـtheًـoxygenًـsensor
readiness,ًـthisًـisًـavailableًـmuchًـlaterًـthanًـinًـnaturallyًـaspiratedًـenginesًـdueًـtoًـtheًـheat
lossًـthroughًـtheturbocharger.ًـ

Thereًـisًـalsoًـanًـelectricalًـdiagnosisًـforًـtheًـsecondaryًـairًـpumpًـrelayًـandًـforًـtheًـpres-
sureًـsensors.ًـًـTheseًـindicateًـtheًـusualًـelectricalًـfaultsًـ(lineًـdisconnection,ًـshortًـcircuit
toًـground,ًـshortًـcircuitًـtoًـsupplyًـvoltage).ًـThereًـisًـanًـadditionalًـmutualًـplausibilityًـcheck
ofًـtheًـpressureًـsensorsًـonًـinitializationًـwithًـambientًـpressure.

Secondary Air Valve
and Pressure Sensor
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Misfire Detection

MisfireًـdetectionًـisًـpartًـofًـtheًـOBDًـIIًـregulationsًـtheًـECMًـmustًـdetermineًـmisfireًـand
alsoًـidentifyًـtheًـspecificًـcylinder(s).ًـTheًـECMًـmustًـalsoًـdetermineًـtheًـseverityًـofًـthe
misfireًـandًـwhetherًـitًـisًـemissions relevant orًـcatalyst damaging basedًـonًـmoni-
toringًـcrankshaftًـacceleration.ًـ

Emission Increase

• Withinًـanًـintervalًـofًـ1000ًـcrankshaftًـrevolutions,ًـtheًـECMًـaddsًـtheًـdetectedًـmisfire

eventsًـforًـeachًـcylinder.ًـIfًـtheًـsumًـofًـallًـcylinderًـmisfireًـincidentsًـexceedsًـtheًـpre-

deter-ًـminedًـvalue,ًـaًـfaultًـcodeًـwillًـbeًـstoredًـandًـtheًـ“MalfunctionًـIndicatorًـLight”

willًـbeًـilluminated.

• Ifًـmoreًـthanًـoneًـcylinderًـisًـmisfiring,ًـallًـmisfiringًـcylindersًـwillًـbeًـspecifiedًـandًـthe

individualًـfaultًـcodesًـforًـeachًـmisfiringًـcylinder,ًـorًـmultipleًـcylindersًـwillًـbeًـstored.

Theًـ“MalfunctionًـIndicatorًـLight”ًـwillًـbeًـilluminated.

Catalyst Damage
• Withinًـanًـintervalًـofًـ200ًـcrankshaftًـrevolutions
theًـdetectedًـnumberًـofًـmisfiringًـeventsًـisًـcalcu-
latedًـforًـeachًـcylinder.ًـTheًـECMًـmonitorsًـthis
basedًـonًـload/rpm.ًـIfًـtheًـsumًـofًـcylinderًـmisfire
incidentsًـexceedsًـaًـpredeterminedًـvalue,ًـa
“CatalystًـDamaging”ًـfaultًـcodeًـisًـstoredًـandًـthe
“MalfunctionًـIndicatorًـLight”ًـwillًـbeًـilluminated.ًـ

Ifًـtheًـcylinderًـmisfireًـcountًـexceedsًـtheًـpredeter-
minedًـthresholdًـtheًـECMًـwillًـtakeًـtheًـfollowingًـmea-
sures:

• Theًـoxygenًـsensorًـcontrolًـwillًـbeًـswitchedًـto
openًـloop.

• Theًـcylinderًـselectiveًـfaultًـcodeًـisًـstored.

• Ifًـmoreًـthanًـoneًـcylinderًـisًـmisfiringًـtheًـfaultًـcodeًـforًـall
individualًـcylindersًـandًـforًـmultipleًـcylindersًـwillًـbeًـstored.

• Theًـfuelًـinjectorًـtoًـtheًـrespectiveًـcylinder(s)ًـisًـdeactivated.
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Ambient Barometric Pressure

TheًـIntegratedًـAmbientًـBarometricًـPressureًـSensorًـisًـpartًـofًـtheًـECMًـandًـisًـnotًـser-
viceable.ًـTheًـinternalًـsensorًـisًـsuppliedًـwithًـ5ًـvolts.ًـInًـreturnًـitًـprovidesًـaًـlinearًـvoltage
ofًـapprox.ًـ2.4ًـtoًـ4.5ًـvoltsًـrepresentativeًـofًـbarometricًـpressureًـ(altitude).ًـ

TheًـECMًـmonitorsًـbarometricًـpressureًـforًـtheًـfollowingًـreasons:

• Theًـbarometricًـpressureًـsignalًـalongًـwithًـcalculatedًـairًـmassًـprovidesًـanًـadditional
correctionًـfactorًـtoًـfurtherًـrefineًـinjectionًـ“on”ًـtime.

• Providesًـaًـbaseًـvalueًـtoًـcalculateًـtheًـairًـmassًـbeingًـinjectedًـintoًـtheًـexhaustًـsys-
temًـbyًـtheًـSecondaryًـAirًـInjectionًـSystem.ًـThisًـcorrectionًـfactorًـaltersًـtheًـsec-
ondaryًـairًـinjectionًـ“on”ًـtime,ًـoptimizingًـtheًـnecessaryًـairًـflowًـintoًـtheًـexhaustًـsystem.
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Crankcase Ventilation

OneًـofًـtheًـmajorًـchangesًـonًـtheًـnewًـNG6ًـenginesًـisًـthatًـtheًـcrankcaseًـventilationًـsys-
temًـhasًـbeenًـupgradedًـandًـimproved.ًـًـThisًـappliesًـtoًـallًـofًـtheًـnewًـNG6ًـversions
(N52KP,ًـN51ًـandًـN54).

Thereًـareًـtwoًـdistinctًـversionsًـofًـcrankcaseًـventilation.ًـًـOneًـtypeًـisًـuniqueًـtoًـtheًـN54
andًـtheًـotherًـappliesًـtoًـN51ًـandًـN52KP.ًـًـ

TheًـN52,ًـwhichًـisًـstillًـinًـproductionًـcontinuesًـtoًـuseًـtheًـ“external”ًـcrankcaseًـventilation
systemًـwithًـtheًـelectricallyًـheatedًـcrankcaseًـventilationًـvalve/cycloneًـseparator.

Crankcase Ventilation System on N52
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Crankcase Ventilation (N51 and N52KP)
TheًـcrankcaseًـventilationًـsystemًـonًـtheًـN51ًـandًـN52KPًـhasًـbeenًـmodifiedًـasًـcom-
paredًـtoًـtheًـN52.ًـًـTheًـsystemًـisًـintegratedًـintoًـtheًـplasticًـcylinderًـheadًـcover.ًـًـ

Theًـcrankcaseًـgasesًـareًـregulatedًـbyًـaًـcrankcaseًـventilationًـvalveًـsimilarًـtoًـtheًـdesign
usedًـonًـtheًـN62.ًـًـTheًـcrankcaseًـventًـvalveًـisًـcurrentlyًـpartًـofًـtheًـcylinderًـheadًـcover
andًـisًـnotًـreplaceableًـasًـaًـseparateًـcomponent.ًـ

Oilًـseparationًـisًـcarriedًـoutًـviaًـaًـ“labyrinth”ًـsystemًـandًـtwoًـcycloneًـseparatorsًـwhich
areًـincorporatedًـintoًـtheًـcylinderًـheadًـcover.ًـًـByًـhavingًـtheًـsystemًـcomponentsًـinte-
gratedًـintoًـtheًـcylinderًـheadًـcover,ًـtheًـcrankcaseًـgasesًـareًـheatedًـbyًـtheًـengineًـrather
thanًـanًـelectricًـheaterًـasًـonًـtheًـN52.ًـًـHowever,ًـthereًـisًـstillًـoneًـelectricًـheatingًـele-
mentًـatًـtheًـmanifoldًـinlet.

Onceًـtheًـliquidًـoilًـisًـseparatedًـfromًـtheًـcrankcaseًـvapors,ًـtheًـoilًـisًـallowedًـtoًـdrain
backًـthroughًـcheckًـvalvesًـbackًـintoًـtheًـengine.

N52KP Cylinder Head Cover (cutaway view)

Crankcase vent valve

Integrated 
cyclone separator

Oil drainback valve
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Crankcase Ventilation (N54)
SinceًـtheًـN54ًـisًـaًـturbocharged
engine,ًـtheًـcrankcaseًـventilation
systemًـhasًـtoًـmeetًـcertainًـdesign
requirements.ًـًـForًـexample,ًـwhen
theًـengineًـisًـinًـturbochargedًـmode,
theًـincreasedًـmanifoldًـpressure
shouldًـnotًـhaveًـanًـadverseًـeffect
onًـtheًـcrankcaseًـventing.ًـًـThisًـis
why,ًـthereًـisًـnoًـcrankcaseًـventila-
tionًـvalveًـinًـtheًـsystem.ًـًـ

Theًـsystemًـconsistsًـofًـfourًـsmall
cycloneًـseparatorsًـwhichًـareًـinte-
gratedًـintoًـtheًـplasticًـcylinderًـhead
cover.ًـًـTheًـflowًـofًـcrankcaseًـgases
isًـmeteredًـthroughًـaًـseriesًـof
restrictionsًـwhichًـcontrolًـtheًـulti-
mateًـcrankcaseًـpressure.

OneًـofًـtheًـmainًـoperatingًـprinciplesًـbehindًـtheًـcrankcaseًـventingًـsystemًـonًـtheًـN54
isًـthatًـthereًـareًـtwoًـstrategiesًـً-ـoneًـforًـtheًـturbochargedًـmodeًـandًـoneًـforًـ“non-tur-
bocharged”ًـoperationًـsuchًـasًـdecel.ًـًـTheseًـstrategiesًـareًـdependentًـuponًـtheًـintakeًـ
manifoldًـpressure.ًـًـ

N54 Cylinder Head Cover (cutaway view)

Integrated 
cyclone separator
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Crankcase Ventilation System Overview (N55)

The blow-by gasses flow into the settling chamber of the cylinder head cover through an
opening located in the rear of the cover. Here, the blow-by gasses are directed through
holes on to an impact plate, against which the oil impacts at high speed, and drains off.
The blow-by gasses, cleaned of oil, flow via the pressure control valve (depending on the
operating mode) through the non-return valves into the inlet pipe upstream of the 
turbocharger, or via passages in the cylinder head ahead of the intake valves. The sepa-
rated oil is drained via a return flow duct into the oil pan.

Naturally Aspirated Mode (N55)

The standard function can only be used as long as a vacuum prevails in the intake air
manifold, i.e. in naturally-aspirated engine mode.

With the engine operating in naturally-aspirated mode, the vacuum in the intake air mani-
fold opens the non-return valve (15) in the blow-by duct within the cylinder head cover.
This draws off blow-by gasses via the pressure control valve. At the same time, the vac-
uum also closes the second non-return valve (12) in the duct to the charge air intake
pipe.

The blow-by gasses flow via a distribution rail integrated in the cylinder head cover,
through the intake passages (16) in the cylinder head, which lead directly into the intake
ports, ahead of the valves.

Boost Mode (N55)

As the pressure in the intake air manifold increases in boost mode, blow-by gasses can
no longer be introduced via the passages in the cylinder head, otherwise, the boost pres-
sure could enter the crankcase. A non-return valve (15) in the blow-by channel within the
cylinder head cover closes the connection (16) to the intake air manifold. This protects
the crankcase from excess pressure.

The increased demand for fresh air creates a vacuum in the clean air pipe between the
turbocharger and intake silencer. This vacuum is sufficient to open the non-return valve
(12) and draw the blow-by gasses via the pressure control valve.
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Crankcase Ventilation Overview (N55)

Crankcase ventilation system in “decel mode” 
(naturally-aspirated mode)
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Index Explanation

A Ambient pressure

B Vacuum

C Exhaust gas

D Oil

E Blow-by gas

1 Air cleaner

2 Intake manifold

3 Impact plates

4 Oil return channel

5 Crankcase

6 Oil sump

7 Oil return channel

8 Exhaust turbocharger

9 Oil drain valve

10 Charge air intake line

11 Hose to charge air intake line

12 Non-return valve

13 Pressure regulating valve

14 Throttle valve

15 Non-return valve

16 Passages in cylinder head and cylinder head cover
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Crankcase ventilation system 
in turbocharged mode (boost mode)

Crankcase Ventilation System Overview (N55)
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If a customer complains about high oil consumption and oil is 
discovered in the turbocharger, it should not be immediately assumed
that the turbocharger is defective. If the oil is present in the fresh air
pipe (before the turbocharger) then the entire engine should be
checked. 

Index Explanation

A Excess pressure

B Vacuum

C Exhaust gas

D Oil

E Blow-by gas

1 Air cleaner

2 Intake manifold

3 Impact plates

4 Oil return channel

5 Crankcase

6 Oil sump

7 Oil return channel

8 Exhaust turbocharger

9 Oil drain valve

10 Charge air intake line

11 Hose to charge air intake line

12 Non-return valve

13 Pressure regulating valve

14 Throttle valve

15 Non-return valve

16 Passages in cylinder head and cylinder head cover
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Crankcase Ventilation System Overview (N54)

Naturally Aspirated Mode (N54)

Whenًـtheًـengineًـhasًـlowًـmanifoldًـpressureًـsuchًـasًـinًـdecel,ًـtheًـcrankcaseًـvaporsًـare
routedًـthroughًـaًـchannelًـً(15)ـbetweenًـtheًـcylinderًـheadًـcoverًـandًـintakeًـmanifold.
Theًـliquidًـoilًـisًـseparatedًـbeforeًـtheًـchannelًـinًـtheًـcyclonicًـseparatorsًـً(3)ـinًـtheًـcylinder
headًـcover.ًـًـTheًـliquidًـoilًـreturnsًـtoًـtheًـengineًـviaًـtheًـoilًـdischargeًـvalveًـًـً.(4)ـ

Theًـchannelًـcontainsًـaًـpressureًـrestrictorًـً(16)ـwhichًـregulatesًـtheًـflowًـofًـcrankcase
vapors.ًـًـDuringًـdeceleration,ًـtheًـcrankcaseًـvaporsًـ(E)ًـareًـdirectedًـviaًـaًـcheckًـvalveً(14)ـ
whichًـisًـlocatedًـinًـtheًـcylinderًـheadًـcover.ًـًـTheًـcheckًـvalveًـisًـopenedًـwhenًـlowًـ
pressureًـisًـpresentًـinًـtheًـintakeًـmanifoldًـ(throttleًـclosed).ًـًـ

Also,ًـaًـPTCًـheaterًـhasًـbeenًـintegratedًـintoًـtheًـintakeًـmanifoldًـinlet.ًـًـTheًـinletًـpipeًـis
connectedًـtoًـtheًـchannelًـً(15)ـandًـpreventًـanyًـmoistureًـfromًـfreezingًـatًـtheًـinlet.

Boost Mode (N54)

When in turbocharged mode, the pressure in the intake manifold increases and then
closes the check valve (14).  Now, a low pressure is present in the charge air suction line
(10).  This causes a low pressure in the hose (11) leading to the manifold check valve
(12).  The crankcase vapors (after separation) are directed through the check valve (12)
into the charge air suction line (10) and ultimately back into the engine.  The check valve
(12) also prevent boost pressure from entering the crankcase when the intake manifold
pressure is high.
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Crankcase ventilation system 
in “decel mode”

Crankcase Ventilation System Overview (N54)
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Index Explanation Index Explanation

A Overpressure 7 Oil sump

B Low Pressure (Vacuum) 8 Oil return channel

C Exhaust gas 9 Turbocharger

D Liquid oil 10 Charge air suction line, bank 2

E Blow-by gases (Crankcase vapors) 11 Hose to charge air suction line, bank 2

1 Air cleaner 12 Check valve, manifold

2 Intake manifold 13 Throttle valve

3 Cyclone separators 14 Check valve, charge air suction line

4 Oil discharge valve 15 Channel to intake manifold

5 Venting channel 16 Pressure restrictor

6 Crankshaft cavity
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Crankcase Ventilation System Overview (N54)

Crankcase ventilation system in
“turbocharged mode”

If a customer complains about high oil consumption and oil is 
discovered in the turbocharger, it should not be immediately assumed
that the turbocharger is defective. If the oil is present in the fresh air
pipe (before the turbocharger) then the entire engine should be
checked. 
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Index Explanation Index Explanation

A Overpressure 7 Oil sump

B Low Pressure (Vacuum) 8 Oil return channel

C Exhaust gas 9 Turbocharger

D Liquid oil 10 Charge air suction line, bank 2

E Blow-by gases (Crankcase vapors) 11 Hose to charge air suction line, bank 2

1 Air cleaner 12 Check valve, manifold

2 Intake manifold 13 Throttle valve

3 Cyclone separators 14 Check valve, charge air suction line

4 Oil discharge valve 15 Channel to intake manifold

5 Venting channel 16 Pressure restrictor

6 Crankshaft cavity

Be aware that any check valve failure could cause excessive oil con-
sumption possibly accompanied by blue smoke from the exhaust.
This should not be mistaken for a failed turbocharger.  Always perform
a complete diagnosis of the crankcase ventilation system, before
replacing any turbocharger or associated components.



74
Emissions Management

Crankcase Ventilation Heating

Alsoًـintegratedًـintoًـtheًـdesignًـofًـtheًـcrankcaseًـventilationًـisًـanًـelectricًـheatingًـsystem
designedًـtoًـpreventًـmoistureًـbuildup.ًـًـMoistureًـbuildupًـcanًـeventuallyًـleadًـtoًـiceًـatًـlow
ambientًـtemperaturesًـleadingًـtoًـmalfunctionsًـofًـtheًـcrankcaseًـventilation.ًـًـ

Theًـcrankcaseًـventًـvalveًـandًـcyclonicًـseparatorًـareًـalsoًـinsulatedًـbyًـaًـprotectiveًـfoam
coveringًـtoًـprovideًـadditionalًـshelterًـfromًـlowًـambientًـtemperatures.

TheًـPTCًـheatingًـelementsًـareًـintegratedًـintoًـtheًـcrankcaseًـventilationًـvalveًـandًـhose
assemblies.ًـًـThereًـisًـaًـjunctionًـpointًـonًـtheًـintakeًـmanifoldًـwhichًـprovidesًـaًـconnec-
tionًـpointًـforًـtheًـindividualًـheatingًـelements.ًـًـ

Thereًـisًـalsoًـaًـheatingًـelementًـlocatedًـonًـtheًـcentrallyًـlocatedًـportًـonًـtheًـintakeًـmani-
fold.ًـًـThisًـportًـisًـalsoًـprovidedًـwithًـaًـseparateًـheatingًـcircuitًـcontrolledًـbyًـaًـPTCًـ
thermistor.ًـًـًـ

TheًـECMًـreceivesًـtheًـambientًـtemperatureًـinformationًـfromًـtheًـoutsideًـtemperature
sensor.

SSP-SP0000052251 Oil Supply (Engine Breather Heater)
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