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OxygenًـSensors 47.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.ـً.ـً.ـً
Oxygenًـsensorًـbeforeًـcatalyticًـconverter 47.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً
Oxygenًـsensorًـafterًـcatalyticًـconverter 48.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً

CarbonًـCanisterًـ(AKF) 48.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
EvaporativeًـEmissionًـValveً49.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.ـ
EvaporativeًـLeakageًـDetectionًـ(DM-TL)ً49.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
ExhaustًـEmissions 50.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.ـً
ElectricallyًـHeatedًـThermostat 51.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

ConventionalًـFunction 51.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 53.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

PerformanceًـControlًـOverview 55.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
DynamicًـCruiseًـControl 55.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
ActiveًـCruiseًـControlًـwithًـStopًـً&ـGoًـfunctionً56.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـ
ExhaustًـFlapًـControl 58.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
DynamicًـDrivingًـControlًـً-ـ“SportًـSwitch” 58.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً
ElectricًـFanً61.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.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـ
ECMًـIntegratedًـTemperatureًـSensor 62.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
AlternatorًـInterfaceًـ 62.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
PT-CANًـBusًـCommunication 62.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
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Afterًـcompletionًـofًـthisًـmoduleًـyouًـwillًـbeًـableًـto:

• UnderstandًـtheًـbasicsًـofًـEngineًـElectronics

• DescribeًـtheًـPowerًـSupplyًـforًـtheًـFuelًـInjectorsًـandًـIgnitionًـCoils

• UnderstandًـtheًـEDKًـandًـIdleًـAirًـActuatorًـOperation

• ExplainًـWhyًـTwoًـSensorsًـareًـUsedًـtoًـMonitorًـAcceleratorًـPedalًـMovement

• ListًـtheًـInputsًـRequiredًـforًـFuelًـInjectorًـOperation

• NameًـtheًـTwoًـTypesًـofًـEmissionsًـtheًـECMًـControls

• UnderstandًـDM-TLًـEvaporativeًـLeakًـTesting



WelcomeًـtoًـST055ًـEngineًـElectronics!

ST055 Engine Electronics is 5 days in length. 

Thisًـhandoutًـisًـrepresentativeًـofًـselectedًـً,8ـً,6ـandًـ12ًـcylinderًـEngineًـManagement
Systems.Theًـhandoutًـservesًـtwoًـpurposes,ًـ“standًـalone”ًـsystemًـreferenceًـmaterial
forًـtheًـBMWًـTechnicianًـandًـaًـplatformًـforًـInstructorًـselectedًـtopics.ًـ

UnderstandingًـthatًـallًـofًـtheًـmaterialًـpertainingًـEngineًـManagementًـcan’tًـbeًـcovered
inًـfiveًـdays,ًـthisًـclassًـwillًـbeًـsystemًـbased.ًـThisًـapproachًـwillًـensureًـthatًـtheًـstudent
comprehendsًـhowًـBMWًـEngineًـManagementًـSystemsًـworkًـandًـthusًـisًـableًـtoًـdiag-
noseًـthem.ًـNevertheless,ًـBMWًـTechniciansًـcanًـfindًـdetailedًـinformationًـfromًـparticu-
larًـEngineًـManagementًـSystemsًـinًـformerًـBMWًـTrainingًـManuals.ًـ

Objectives

FamiliarizeًـBMWًـTechniciansًـwithًـanًـunderstandingًـofًـtheًـcurrentًـEngineًـElectronics
Systemsًـandًـtransferableًـdiagnosticًـskills.ًـPerformًـhandsًـonًـpracticalsًـinًـtheًـshopًـto
ensureًـ“all”ًـTechniciansًـhaveًـparticipatedًـinًـdiagnosisًـandًـcomponentًـtesting.ًـ

Objectivesًـareًـprovidedًـonًـpageًـ2ًـofًـeachًـsystemًـtoًـguideًـyouًـtoًـtheًـkeyًـlearning
pointsًـofًـeachًـmodule.ًـAًـfinalًـtestًـwillًـbeًـgivenًـatًـtheًـendًـofًـtheًـcourse.

It is very important to study the content which will assist you with important
“on the job” information and successful completion of this course.

AsًـaًـMentionًـtheًـfollowingًـinformationًـcanًـbeًـfoundًـonline...

• ServiceًـInformation
Bulletins

• TechnicalًـTrainingًـInformation
Courses

• RepairًـInformation
Manuals

• TechnicianًـFeedbackًـSystems
Quality Control Information
Reports

5
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Introduction



The chart shown below is a quick reference of BMW Engine Management Systems by
application to BMW models, engines and model years. This will help you to get familiar
with the systems by identifying the correct version that you are diagnosing. 
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ENGINE MANAGEMENT CONTROL VERSIONS

VERSION VEHICLE MODEL ENGINE MODEL YEAR

M1.2 E32ًـً/ـM5 M70ًـً/ـS38
M70ً1999ـً-ـ1988ًـً=ـ
S38ً1993ـً-ـ1991ًـً=ـ

M1.7 E31ًـً/ـE32 M70 1994ـً-ـ1991ً

M1.7 E30 M42 1993ـً-ـ1990ً

M1.7 E36 M42 1995ـً-ـ1992ً

M1.7 E36 M42ًـً/ـDISA 1995

M1.7.1 E31 S70 1992ـً-ـ1991ً

M1.7.2 E36 M42ًـ/DISA 1992

M3.1 E34 M50 1992ـً-ـ1991ً

M3.1 E36 M50 1992

M3.3 E32 M60 1994ـً-ـ1993ً

M3.3 E31ًـً/ـE34 M60 1995ـً-ـ1994ً

M3.3.1 E34ًـً/ـE36 M50TU 1995ـً-ـ1993ً

M5.2 E36ًـً/ـZ3 M44 1998ـً-ـ1996ً

M5.2 E31ًـً/ـE38ًـً/ـE39 M62ًـً/ـM73 1997ـً-ـ1995ً

MS41.1 E36ًـً/ـE39ًـ/Z3 M52 1998ـً-ـ1996ً

MS41.2 E36ًـM3 S52 1998ـً-ـ1996ً

M5.2.1 E38ًـً/ـE39 M62ًـً/ـM73 1999ـً-ـ1998ً

MS42 E46ًـً/ـE39ًـ/Z3 M52TU 2000ـً-ـ1998ً

MS43 E46ًـً/ـE39ًـً/ـE53ًـً/ـZ3 M54
E46ًـ2002ًـً-ـ2001ًـZ3ً2002ـً-ـ2001ًـ
E39ًـ2003ًـً-ـ2001ًـE53ً2006ـً-ـ2001ًـ

ME7.2 E39ًـً/ـE38ًـً/ـE53 M62TU 2001ـً-ـ1999ً

MSًـS52 E39ًـM5ًـً/ـE52ًـZ8 S62
M5ً2003ـً-ـ1999ًـ
Z8ً2003ـً-ـ2000ًـ

MSًـS54 E46ًـM3 S54 2007-ـ2001ً

BOSH = M; SIEMENS = MS
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ENGINE MANAGEMENT CONTROL VERSIONS

VERSION VEHICLE MODEL ENGINE MODEL YEAR

MS45 E85 M54 2006ـً-ـ2003ً

MS45
E83ًـallًـexcept
M54B30ًـAUTO

M54 2006ـً-ـ2003ً

MS54.1 E83ًـwithًـM54B30ًـauto M54 2006ـً-ـ2003ً

MS45.1 E46 M54 2006ـً-ـ2003ً

MS45.1 E46 M56ًـSULEV 2006ـً-ـ2003ً

MEً9.2ـ E65/66 N62 2003ـً-ـ2002ً

ME9.2.1
E53ًـً/ـE60ًـً/ـE63ًـً/ـE64ًـ/

E65ًـً/ـE66
N62 2004ـً-ـ2004ً

MEً9.2.2ـ
E53ًـً/ـE60ًـً/ـE63ًـً/ـE64ًـ/

E65ًـً/ـE66
N62 2007ـً-ـ2005ً

MEDً9.2.1ـ E66 N73 2006ـً-ـ2003ً

MEً9.2.3ـ E70 N62 2010ـً-ـ2006ً

MSS65 M5,ًـM6ًـ(E6x) S85 2009ـً-ـ2006ً

MSV70
E90,ًـE91,ًـE92,ًـE93,ًـE60,

E70.
N52 2006ـً-ـ2004ً

MSV80
E82,ًـE88,ًـE90,ًـE91,ًـE92,

E93,ًـE60,ًـE70.
N52KP ـً-ـ2006ً

MSD80
E82,ًـE90,ًـE92,ًـE93,ًـE60,

E61.
N54 2008ـً-ـ2006ً

MSD81
E70,ًـE71,ًـE82,ًـE84,ًـE88,
E89,ًـE90,ًـE92,ًـE93,ًـF07,

F10
N54 ـً-ـ2008ً

MEVDً17.2ـ
E82,ًـE88,ًـE90,ًـE91,ًـE92,

E93,ًـE60,ًـE70.
N55 ـً-ـ2010ً

MSD85
E70,ًـE71,ًـE72,ًـF01,ًـF02,

F04,ًـF07,ًـF10
N63 ـً-ـ2009ً

MSD85.1 E70ًـMًـً/ـE71ًـM S63 ـً-ـ2009ً

MSD87-12 F01,ًـF02 N74 ـً-ـ2009ً

BOSH = M; SIEMENS = MS
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Emissions:

ـCompliantًـOBDًـً•
InjectionـAirًـSecondaryًـً•
SensorsـOxygenًـPostًـandًـPreًـً•
HeatingـSensorًـOxygenًـً•
ThermostatـMAPًـً•
DetectionـMisfireًـً•
ControlـEmissionًـEvaporativeًـً•
andًـLeakًـDetection

SensingـPressureًـAmbientًـً•
LightـIndicatorًـMalfunctionًـً•

PerformanceًـControls:

SystemsـTURBOًـً•
ControlـVANOSًـDualًـً•
Modeـً”Sport“ـControlًـDrivingًـDynamicًـً•
FanـCoolingًـElectricًـً•
ControlـFanًـEboxًـً•
ـCommunicationًـBusًـCANًـPTًـً•
EWSـً•
ControlـCruiseًـً•
(BSD)ـInterfacingًـAlternatorًـً•

DME

EngineًـElectronicsًـOverview

Air:

ValveـSpeedًـIdleًـً•
ـThrottleًـElectronicًـً•
MeterـMassًـAirًـFilmًـHotًـً•
Turbulenceـً-ـResonanceًـً•
IntakeًـControlًـ(DISA)

Fuel:

ـً(Non-Return)ـSupplyًـFuelًـً•
(HPI/HDE)ـInjectionًـFuelًـً•

Ignition:

ـIgnition/OptimizedًـDirectًـً•
ControlـKnockًـً•
MonitoringـIgnitionًـً•
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OneًـofًـtheًـmainًـpurposesًـofًـtheًـECMًـisًـto
controlًـdeًـPowerًـSupplyًـofًـseveralًـcompo-
nents.ًـInًـtheًـfollowingًـpagesًـyouًـwillًـfindًـa
genericًـexplanationًـonًـhowًـthisًـsystem
works.ًـForًـmoreًـdetailedًـinformation
pleaseًـaccessًـBMWًـTrainingًـReference
Manualsًـfoundًـonline.

KL_30 - Battery Voltage: B+ isًـtheًـmain
supplyًـofًـoperatingًـvoltageًـtoًـtheًـECM.

Theًـpowerًـsuppliesًـ(KL_15ًـandًـECM
Relay)ًـareًـfusedًـtoًـtheًـECM.ًـTheًـfusesًـare
housedًـinًـtheًـEngineًـFuseًـBlockًـlocated
inًـtheًـElectronicsًـBox.ًـ

KL_15 - Ignition Switch.ًـWhenًـtheًـignitionًـisًـswitchedًـ“ON”ًـtheًـECMًـisًـinformed
thatًـtheًـengineًـisًـaboutًـtoًـbeًـstarted.ًـKL_15ًـ(fused)ًـsuppliesًـvoltageًـtoًـtheًـEngine
ControlًـModuleًـRelayًـandًـtheًـFuelًـInjectorًـRelay.ًـSwitchingًـKL_15ًـ“OFF”ًـremovesًـthe
ECMًـoperatingًـvoltage.

Engine Control Module Relay

Ground: MultipleًـgroundًـpathsًـareًـnecessaryًـtoًـcompleteًـcurrentًـflowًـthroughًـtheًـECM.

ALTERNATOR

B+

BSD

ECM RELAY

DME

ECMًـRelayًـProvidesًـtheًـoperatingًـVoltageًـto:

ECM IgnitionًـCoil

FuelًـInjection EvaporativeًـLeakًـDetectionًـPump

IdleًـAirًـActuator CamshaftًـSensor

EvaporativeًـEmissionًـValve HotًـFilmًـAirًـMass

FuelًـPumpًـRelay OxygenًـSensorًـHeaters

ExampleًـofًـIPOًـforًـaًـPowerًـSupplyًـSystem

PowerًـSupplyًـOverview
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IntegratedًـVoltageًـSupplyًـModuleًـ(IVM)

TheًـIVMًـcontainsًـintegralًـrelays,ًـreplaceableًـfusesًـandًـoffersًـaًـconvenientًـspliceًـpoint
forًـharnessًـconnections.ًـTheًـIVMًـservesًـasًـaًـcentralًـpowerًـsupplyًـforًـEngine
Managementًـ(includingًـVALVETRONIC),ًـElectronicًـTransmissionًـ(EGS)ًـandًـDynamic
StabilityًـControlًـ(DSC).ًـThisًـdiagramًـisًـaًـpartialًـrepresentationًـofًـtheًـIVMًـforًـEngine
Electronics.ًـ(FIXًـCOLORS,ًـANDًـ“COLOR”ًـTHEًـIVM)

CAS

IVM

Power Module

ECM

ECM

Fuse

Fuse

Fuse

Fuse

Fuse (External)

Fuse (External)

Fuse (External)

Fuse (External)

PT-CAN
15W (Wake UP)

Ignition Coils

Fuel Injection

Oxygen Sensors

KL15 KL50E

B
+

K
L

3
0

B+KL30 
Splice

KL15
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PrincipleًـofًـOperation
WhenًـKL_15 isًـswitchedًـ“ON”ًـtheًـECMًـisًـreadyًـforًـengineًـmanagement.ًـTheًـECMًـwill
activateًـaًـgroundًـpathًـtoًـenergizeًـtheًـEngineًـControlًـModuleًـRelaysًـinًـtheًـIVMًـ(see
diagramًـonًـtheًـpreviousًـpage).ًـ

• Theً1ـstًـECMًـRelayًـsuppliesًـoperatingًـvoltageًـthroughًـaًـfuseًـ(inًـtheًـIVM)ًـtoًـthe
ECM.ًـ

• Theً2ـndًـECMًـRelayًـsuppliesًـoperatingًـvoltageًـthroughًـaًـfuseًـ(inًـtheًـIVM)ًـtoًـthe
FuelًـInjectors.

• Theً3ـrdًـECMًـRelayًـsuppliesًـoperatingًـvoltageًـthroughًـaًـfuseًـ(inًـtheًـIVM)ًـtoًـthe
OxygenًـSensors.

TheًـIgnitionًـCoilًـRelayًـ(4thًـrelay)ًـisًـenergizedًـbyًـtheًـCASًـModuleًـwhichًـsuppliesًـoper-
atingًـvoltageًـthroughًـaًـfuseًـ(inًـtheًـIVM)ًـtoًـthe
IgnitionًـCoils.

TheًـIVMًـreceivesًـhighًـamperageًـvoltageًـsupplyًـfrom
fuses.ًـThisًـsupplyًـisًـforًـtheًـconsumersًـthatًـareًـcon-
trolledًـbyًـtheًـIVMًـinternalًـrelays.ًـ

WhenًـKL_15 isًـswitchedًـ“OFF”ًـtheًـECMًـoperating
voltageًـisًـremoved.ًـTheًـCASًـModuleًـwillًـmaintain
voltageًـtoًـtheًـIgnitionًـCoilًـRelayًـforًـaًـfewًـsecondsًـto
maintainًـignitionًـcoilًـactivationًـ(EmissionًـOptimizedًـ-
introducedًـinًـ2000ًـMY).

Ground isًـrequiredًـtoًـcompleteًـtheًـcurrentًـpath
throughًـtheًـECM.ًـTheًـECMًـalso:ًـ

• Internallyًـlinksًـaًـconstantًـgroundًـً(1)ـtoًـthe
engineًـsensors.

• Switchesًـgroundًـً(2)ـtoًـactivateًـcomponents.
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BatteryًـVoltage

BatteryًـVoltageًـisًـmonitoredًـbyًـtheًـECMًـforًـfluctuations.ًـItًـwillًـadjustًـtheًـoutputًـfunc-
tionsًـtoًـcompensateًـforًـaًـlowerًـ(6V)ًـandًـhigherًـ(14V)ًـvoltageًـvalue.ًـForًـexample,ًـthe
ECMًـwill:

• Modify�pulse�width�duration�of�fuel�injection

• Modify�dwell�time�of�ignition

WhenًـKL_15 isًـswitchedًـ“ON”ًـtheًـECMًـisًـreadyًـforًـEngineًـManagement.ًـTheًـECM
willًـactivateًـgroundًـtoًـenergizeًـtheًـEngineًـControlًـModuleًـRelay.ًـTheًـEngineًـControl
ModuleًـRelayًـsuppliesًـoperatingًـvoltageًـtoًـtheًـECMًـandًـtheًـpreviouslyًـmentioned
operatingًـcomponents.ًـFiveًـsecondsًـafterًـtheًـignitionًـisًـswitchedًـonًـandًـtheًـvoltageًـat
theًـKL_15ًـinputًـisًـ9ً<ـvolts,ًـtheًـECMًـcomparesًـtheًـvoltageًـtoًـtheًـECMًـRelayًـsupplied
voltage.ًـIfًـtheًـvoltageًـdifferenceًـbetweenًـtheًـtwoًـterminalsًـisًـgreaterًـthanًـ3ًـvolts,ًـaًـfault
codeًـwillًـbeًـset.ًـ

WhenًـKL_15 isًـswitchedًـ“OFF”ًـtheًـECMًـoperatingًـvoltageًـisًـremoved.ًـTheًـECMًـwill
maintainًـaًـgroundًـtoًـtheًـEngineًـControlًـModuleًـRelayًـforًـaًـfewًـsecondsًـtoًـmaintain
ignitionًـcoilًـactivationًـ(EmissionًـOptimized)ًـandًـasًـlongًـasًـthree minutes to complete
the DM-TL test.
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OneًـofًـtheًـmainًـpurposesًـofًـtheًـECMًـisًـAirًـManagementًـwhichًـincludesًـtheًـactuation
ofًـseveralًـcomponents.ًـInًـtheًـfollowingًـpagesًـyouًـwillًـfindًـaًـgenericًـexplanationًـonًـhow
thisًـsystemًـworks.ًـForًـmoreًـdetailedًـinformationًـplease
accessًـBMWًـTrainingًـReferenceًـManualsًـfoundًـonline.

AirًـflowًـintoًـtheًـengineًـisًـregulatedًـbyًـtheًـThrottleًـValve
and/orًـtheًـIdleًـAirًـActuator.ًـBothًـofًـtheseًـairًـ“passages”
areًـnecessaryًـforًـsmoothًـengineًـoperationًـfromًـidleًـto
fullًـload.ًـTheًـThrottleًـValveًـandًـtheًـIdleًـAirًـActuatorًـare
electrically controlled.ًـAllًـofًـtheًـECMًـmonitoring,
processingًـandًـoutputًـfunctionsًـareًـaًـresultًـofًـregulated
airًـflow.

AcceleratorًـPedalًـPositionًـ
(Pedalwertgeberًـً-ـPWG)

TheًـAcceleratorًـPedalًـPositionًـisًـmonitoredًـbyًـtheًـECMًـforًـpedalًـangleًـpositionًـand
rateًـofًـmovement.ًـAsًـtheًـacceleratorًـisًـmoved,ًـitًـprovidesًـtwoًـvariableًـvoltageًـsignalsًـto
theًـECMًـthatًـrepresentsًـacceleratorًـpedalًـpositionًـandًـrateًـofًـmovement.ًـ

DualًـHallًـSensorsًـareًـintegralًـinًـtheًـacceleratorًـpedalًـmodule.ًـTheًـECMًـcomparesًـthe
twoًـvaluesًـforًـplausibility.ًـTheًـmoduleًـcontainsًـinternalًـspringsًـtoًـreturnًـtheًـaccelera-
torًـpedalًـtoًـtheًـrestًـposition.

TheًـECMًـwillًـincreaseًـtheًـvolumeًـofًـfuelًـinjectedًـintoًـtheًـengine,ًـadvanceًـtheًـignition
timingًـandًـopenًـtheًـThrottleًـValveًـand/orًـIdleًـAirًـActuator.ًـ

Theًـ“fullًـthrottle”ًـpositionًـindicatesًـmaximumًـaccelerationًـtoًـtheًـECM,ًـandًـinًـadditionًـto
theًـfunctionsًـjustًـmentioned,ًـthisًـwillًـhaveًـanًـeffectًـonًـtheًـairًـconditioningًـcompressor.

Asًـtheًـacceleratorًـpedalًـisًـreleasedًـ(integralًـsprings),ًـaًـdecreaseًـinًـvoltageًـsignalsًـthe
ECMًـtoًـactivateًـfuelًـshutًـoffًـifًـtheًـRPMًـisًـaboveًـidleًـspeedًـ(coasting).ًـWhenًـthe
ThrottleًـValveًـisًـcompletelyًـclosed,ًـtheًـIdleًـAirًـActuatorًـisًـopenedًـtoًـmaintainًـengine
idleًـspeed.

   DME

EML
ENGINE THROTTLE WARNING

IDLE
CONTROL
VALVE

INTAKE
AIR TEMP

AIR
MANAGEMENT

ExampleًـofًـIPOًـforًـanًـAirًـManagementًـSystem

AirًـManagementًـOverview
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TheًـECMًـmonitorsًـtheًـengineًـidleًـspeedًـinًـadditionًـtoًـtheًـacceleratorًـpedalًـposition
andًـthrottleًـpositionًـvoltage.ًـIfًـtheًـvoltageًـvaluesًـhaveًـchangedًـ(mechanicalًـwearًـof
throttleًـplateًـorًـlinkage),ًـtheًـECMًـwillًـadjustًـtheًـIdleًـAirًـActuatorًـtoًـmaintainًـtheًـcorrect
idleًـspeed.ًـ

TheًـPotentiometers/Hallًـsensorsًـareًـnon-
adjustableًـbecauseًـtheًـECMًـ“learns”ًـtheًـthrottle
angleًـvoltageًـatًـidleًـspeed.ًـIfًـtheًـthrottleًـhous-
ing/acceleratorًـpedalًـmoduleًـisًـreplaced,ًـthe
adaptationsًـmustًـbeًـclearedًـandًـadaptationًـpro-
cedureًـmustًـbeًـperformedًـusingًـISTA.ًـIfًـthisًـis
notًـperformed,ًـtheًـvehicleًـwillًـnotًـstart,ًـorًـrunًـin
“fail-safe”ًـmode.ًـ

Ifًـthisًـinputًـisًـdefective,ًـaًـfaultًـcodeًـwillًـbeًـstored
andًـtheًـ“MalfunctionًـIndicatorًـand/orًـEML”ًـLight
willًـbeًـilluminated.ًـLimitedًـengineًـoperationًـwillًـbe
possible.ًـ

TheًـECMًـprovidesًـvoltageًـ(5V)ًـandًـgroundًـforًـthe
Hallًـsensors.ًـAsًـtheًـacceleratorًـpedalًـisًـmoved
fromًـrestًـtoًـfullًـthrottle,ًـtheًـsensorsًـproduceًـa
variableًـvoltageًـsignal.

• Hallًـsensorً1ـ(request)

• Hallًـsensorًـ2ًـ(plausibility)

Ifًـtheًـsignalsًـareًـnotًـplausible,ًـtheًـECMًـwillًـuseًـtheًـlowerًـofًـtheًـtwo
signalsًـasًـtheًـrequestedًـinput.ًـTheًـthrottleًـresponseًـwillًـbeًـslower

andًـtheًـmaximumًـthrottleًـresponseًـwillًـbeًـreduced.

ThrottleًـValveًـ(EDK)

Theًـthrottleًـvalveًـplateًـisًـelectronicallyًـoperatedًـtoًـreg-
ulateًـintakeًـairًـflowًـbyًـtheًـECM.ًـTheًـmainًـcharacteris-
ticsًـare:ًـ

ـً,operationـthrottleًـPrecisionًـً•

ـً,monitoringـfaultًـforًـcompliantًـOBDًـً•

ـً.ControlـCruiseًـandًـDSCًـً•

Thisًـintegratedًـelectronicًـthrottleًـreducesًـextraًـcontrolًـmodules,ًـwiring,ًـandًـsensors.
Adjustingًـelectronicًـthrottlesًـisًـnotًـpermitted,ًـtheًـthrottleًـassemblyًـmustًـbeًـreplacedًـas
aًـunit.ًـTheًـadaptationًـvaluesًـmustًـbeًـclearedًـandًـadaptationًـprocedureًـmustًـbeًـper-
formedًـusingًـISTA.ًـًـًـ
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TheًـthrottleًـassemblyًـforًـtheًـsystemًـisًـreferredًـtoًـasًـtheًـEDK:

• EDKًـdoesًـnotًـcontainًـaًـPWG,ًـItًـisًـremotelyًـmountedًـ(integratedًـinًـtheًـaccelerator
pedalًـassembly).

• Theًـacceleratorًـpedalًـisًـnotًـmechanicallyًـ“linked”ًـtoًـtheًـEDK.

ThrottleًـMotorًـandًـFeedbackًـPositionًـ
TheًـECMًـpowersًـtheًـEDKًـmotorًـusingًـpulse
widthًـmodulationًـ(PWM)ًـforًـopeningًـandًـclos-
ingًـtheًـthrottleًـplate.ًـTheًـthrottleًـplateًـisًـalso
closedًـbyًـanًـintegratedًـreturnًـspring.ًـ

Twoًـintegratedًـpotentiometersًـprovideًـvolt-
ageًـfeedbackًـsignalsًـtoًـtheًـECMًـasًـtheًـthrot-
tleًـplateًـisًـopenedًـandًـclosed.ًـ

• Feedback signal 1 providesًـaًـsignal
fromً0.5ـVًـ(closed)ًـtoًـ4.5ًـVًـ(FullًـThrottle)

• Feedback signal 2 providesًـaًـsignal
fromً4.5ـVًـ(closed)ًـtoً0.5ـVًـ(FullًـThrottle)

Potentiometerًـ1ًـisًـtheًـprimary feedback
signalًـofًـthrottleًـplateًـpositionًـandًـsignalًـ2ًـis
theًـplausibility cross check throughًـthe
completeًـthrottleًـplateًـmovement.

Total Intake Air Flow Control isًـperformed
byًـtheًـECMًـsimultaneouslyًـoperatingًـtheًـEDK
throttleًـcontrolًـandًـtheًـIdleًـAirًـActuator.

TheًـECMًـdetectsًـtheًـdriver’sًـrequestًـfrom
theًـpotentiometers/HallًـSensorsًـmonitoring
theًـacceleratorًـpedalًـposition.ًـThisًـvalueًـis
addedًـtoًـtheًـIdleًـAirًـcontrolًـvalueًـandًـthe
totalًـisًـwhatًـtheًـECMًـusesًـforًـEDKًـactivation.ًـTheًـECMًـthenًـcontrolsًـtheًـIdleًـAir
Actuatorًـtoًـsatisfyًـtheًـidleًـairًـ“fill”.ًـInًـaddition,ًـtheًـEDKًـwillًـalsoًـbeًـactivatedًـً=ـpre-con-
trolًـidleًـairًـcharge.ًـBothًـofًـtheseًـfunctionsًـareًـutilizedًـtoًـmaintainًـidleًـRPM.

TheًـEDKًـisًـelectricallyًـheldًـatًـtheًـidleًـspeedًـposition,ًـandًـallًـofًـtheًـintakeًـairًـisًـdrawn
throughًـtheًـIdleًـAirًـActuator.ًـWithoutًـaًـloadًـonًـtheًـengineًـً,(%15>)ـtheًـEDKًـwillًـnot
openًـuntilًـtheًـextremeًـupperًـRPMًـrange.ًـIfًـtheًـengineًـisًـunderًـloadًـً,(%15<)ـtheًـIdleًـAir
ActuatorًـisًـopenًـandًـtheًـEDKًـwillًـalsoًـopen.ًـ
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FailsafeًـOperationًـً-ـEDK

Whenًـaًـfaultًـisًـdetectedًـinًـtheًـsystem:

• TheًـEDKًـprovidesًـtwoًـseparateًـsignalsًـfromًـtwoًـintegratedًـpotentiome-
tersًـ(Potًـ1ًـandًـPotً2ـ)ًـrepresentingًـtheًـexactًـpositionًـofًـtheًـthrottleًـplate.

• EDKًـPotًـ1ًـprovidesًـtheًـprimaryًـthrottleًـplateًـpositionًـfeedback.ًـًـAsًـa
redundantًـsafetyًـfeature,ًـPotًـ2ًـisًـcontinuouslyًـcrossًـcheckedًـwithًـPotً1ـ
forًـsignalًـplausibility.

• IfًـplausibilityًـerrorsًـareًـdetectedًـbetweenًـPotًـ1ًـandًـPotًـً,2ـtheًـECMًـwill
calculateًـtheًـinductedًـengineًـairًـmassًـ(fromًـHFMًـsignal)ًـandًـonlyًـutilize
theًـpotentiometerًـsignalًـthatًـcloselyًـmatchesًـtheًـdetectedًـintakeًـair
mass.

(3ـPotً)ـً”potentiometerـvirtualً“ـaًـasًـsignalingًـmassًـairًـtheًـusesًـECMًـTheًـًـً-
forًـaًـcomparativeًـsourceًـtoًـprovideًـfailsafeًـoperation.

monitoredـtheًـfromًـconclusionًـplausibleًـaًـcalculateًـcannotًـECMًـtheًـIfًـًـً-
Potsًـ(ـ1ًorًـ2ًـandًـvirtualً3ـ)ًـtheًـEDKًـmotorًـisًـswitchedًـoffًـandًـfuelًـinjec-
tionًـcutًـoutًـisًـactivatedًـ(Failsafeًـoperationًـisًـnotًـpossible).

• TheًـEDKًـisًـcontinuouslyًـmonitoredًـduringًـallًـphasesًـofًـengineًـoperation.
Itًـisًـalsoًـbrieflyًـactivated/adaptedًـwhenًـKL_15ًـisًـinitiallyًـswitchedًـonًـasًـa
“preflightًـcheck”ًـtoًـverifyًـit’sًـmechanicalًـintegrityًـ(noًـbinding,ًـappropriate
returnًـspringًـtension,ًـetc).ًـThisًـisًـaccomplishedًـbyًـmonitoringًـbothًـthe
motorًـcontrolًـamperageًـandًـtheًـreactionًـspeedًـofًـtheًـEDKًـfeedback
potentiometers.ًـًـIfًـfaultsًـareًـdetectedًـtheًـEDKًـmotorًـisًـswitchedًـoffًـand
theًـfuelًـinjectionًـcutًـoffًـisًـactivatedًـ(failsafeًـoperationًـisًـnotًـpossible).ًـThe
engineًـdoesًـhoweverًـcontinueًـtoًـrunًـextremelyًـroughًـatًـidleًـspeed.

• Whenًـinًـemergencyًـoperation,ًـtheًـengineًـspeedًـisًـalwaysًـlimitedًـtoً1300ـ
RPMًـbyًـfuelًـinjectorًـcutout,ًـandًـactivationًـofًـtheًـ“EML”ًـlightًـtoًـalertًـthe
driverًـofًـaًـfault.

• WhenًـaًـreplacementًـEDKًـisًـinstalled,ًـtheًـECMًـadaptsًـtoًـtheًـnewًـcompo-
nentًـ(requiredًـamperageًـdrawًـforًـmotorًـcontrol,ًـfeedbackًـpotًـtolerance
difference,ًـetc).ًـًـThisًـoccursًـimmediatelyًـafterًـtheًـnextًـcycleًـofًـKL_15ًـfor
approximatelyًـ30ًـseconds.ًـًـDuringًـthisًـperiodًـofًـadaptation,ًـtheًـmaximum
openingًـofًـtheًـthrottleًـplateًـisً25ـ%.
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IdleًـAirًـActuator

Thisًـvalveًـregulatesًـairًـby-passingًـtheًـthrottleًـvalveًـto
controlًـtheًـengineًـidle/lowًـspeed.

Theًـvalveًـisًـsuppliedًـwithًـbatteryًـvoltageًـfromًـthe
ECMًـRelay.ًـTheًـIdleًـAirًـActuatorًـisًـaًـtwo-coilًـrotary
actuator.ًـTheًـECMًـisًـequippedًـwithًـtwoًـfinalًـstage
transistorsًـwhichًـwillًـalternateًـpositioningًـofًـtheًـactu-
ator.

Theًـfinalًـstagesًـareًـ"pulsed"ًـsimultaneouslyًـbyًـthe
ECMًـwhichًـprovidesًـgroundًـpathsًـforًـtheًـactuator.
Theًـdutyًـcycleًـofًـeachًـcircuitًـisًـvariedًـtoًـachieveًـthe
requiredًـidleًـRPM.

Ifًـthisًـcomponent/circuitsًـareًـdefective,ًـaًـfaultًـcode
willًـbeًـsetًـandًـtheًـ“MalfunctionًـIndicatorًـLight”ًـwillًـbe
illuminatedًـwhenًـtheًـOBDًـIIًـcriteriaًـisًـachieved.ًـ

FailsafeًـOperationًـً-ـIdleًـAirًـActuator

IfًـaًـfaultًـisًـdetectedًـwithًـtheًـIdleًـAirًـActuator,ًـtheًـECMًـwillًـinitiateًـfailsafeًـmea-
suresًـdependingًـonًـtheًـeffectًـofًـtheًـfaultًـ(increasedًـairًـflowًـorًـdecreasedًـair
flow).ًـIfًـthereًـisًـaًـfaultًـinًـtheًـIdleًـAirًـActuator/circuit,ًـtheًـEDKًـwillًـcompensate
toًـmaintainًـidleًـspeed.ًـًـTheًـ“MalfunctionًـIndicatorًـand/orًـEML”ًـLightًـwillًـbe
illuminatedًـtoًـinformًـtheًـdriverًـofًـaًـfault.

Ifًـtheًـfaultًـcausesًـincreasedًـairًـflowًـ(actuatorًـfailedًـopen),ًـVANOSًـandًـKnock
Controlًـareًـdeactivatedًـwhichًـnoticeablyًـreducesًـengineًـperformance.
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Hot-FilmًـAirًـMassًـMeterًـ(HFM)

Theًـairًـvolumeًـinputًـsignalًـisًـproducedًـelectronically
byًـtheًـHFMًـwhichًـusesًـaًـheatedًـmetalًـfilmً180)ـºًـC
aboveًـintakeًـairًـtemperature)ًـinًـtheًـairًـflowًـstream.ًـ

TheًـECMًـRelayًـprovidesًـtheًـoperatingًـvoltage.ًـAsًـair
flowsًـthroughًـtheًـHFM,ًـtheًـfilmًـisًـcooledًـchanging
theًـresistanceًـwhichًـaffectsًـcurrentًـflowًـthroughًـthe
circuit.ًـTheًـsensorًـproducesًـaًـ5ً-1ـvoltًـvaryingًـsignal.
BasedًـonًـthisًـchangeًـtheًـECMًـmonitorsًـandًـregu-
latesًـtheًـamountًـofًـinjectedًـfuel.

The Hot-Film Air Mass Meter (HFM) variesًـvolt-
ageًـmonitoredًـbyًـtheًـECMًـrepresentingًـtheًـmea-
suredًـamountًـofًـintakeًـairًـvolume.ًـThisًـinputًـisًـused
byًـtheًـECMًـtoًـdetermineًـtheًـamountًـofًـfuelًـtoًـbe
injected.ًـ

Theًـheatedًـsurfaceًـofًـtheًـhot-filmًـinًـtheًـintakeًـair
streamًـisًـregulatedًـbyًـtheًـECMًـtoًـaًـconstantًـtem-
peratureًـofً180ـºًـCًـaboveًـintakeًـairًـtemperature.
TheًـincomingًـairًـcoolsًـtheًـfilmًـandًـtheًـECMًـmoni-
torsًـtheًـchangingًـresistanceًـwhichًـaffectsًـcurrent
flowًـthroughًـtheًـcircuit.ًـTheًـhot-filmًـdoesًـnotًـrequire
aًـ“cleanًـburn”,ًـitًـisًـselfًـcleaningًـdueًـtoًـtheًـhighًـoper-
atingًـtemperatureًـforًـnormalًـoperation.

Ifًـthisًـinputًـisًـdefective,ًـaًـfaultًـcode
willًـbeًـsetًـandًـtheًـ“Malfunction
IndicatorًـLight”ًـwillًـilluminateًـwhen
theًـOBDًـIIًـcriteriaًـisًـachieved.ًـThe
ECMًـwillًـmaintainًـengineًـoperation
basedًـonًـtheًـThrottleًـPosition
SensorsًـandًـCrankshaft
Position/EngineًـSpeedًـSensor.ًـًـًـ

TheًـHFMًـisًـnon-adjustable.ًـ

7 8
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AirًـTemperatureًـSignal

TheًـHFMًـcontainsًـanًـintegralًـairًـtemperatureًـsensor.ًـThis
isًـaًـNegativeًـTemperatureًـCoefficientًـ(NTC)ًـtypeًـsensor.
ThisًـsignalًـisًـrequiredًـbyًـtheًـECMًـtoًـcorrectًـtheًـairًـvol-
umeًـinputًـforًـchangesًـinًـtheًـintakeًـairًـtemperatureًـ(air
density)ًـaffectingًـtheًـamountًـofًـfuelًـinjected,ًـignitionًـtim-
ingًـandًـSecondaryًـAirًـInjectionًـactivation.

TheًـECMًـprovidesًـtheًـpowerًـsupplyًـtoًـtheًـsensorًـwhich
decreasesًـinًـresistanceًـasًـtheًـtemperatureًـrisesًـandًـvice
versa.ًـTheًـECMًـmonitorsًـanًـappliedًـvoltageًـtoًـtheًـsensor
thatًـwillًـvaryًـasًـairًـtemperatureًـchangesًـtheًـresistance
value.

Ifًـthisًـinputًـisًـdefective,ًـaًـfaultًـcodeًـwillًـbeًـsetًـandًـtheًـ“MalfunctionًـIndicatorًـLight”ًـwill
beًـilluminatedًـwhenًـtheًـOBDًـIIًـcriteriaًـisًـachieved.ًـTheًـECMًـwillًـoperateًـtheًـengine
usingًـtheًـEngineًـCoolantًـSensorًـinputًـasًـaًـbackًـup.

The Air Temperature signal allowsًـtheًـECMًـtoًـmakeًـaًـcalculationًـofًـintakeًـairًـtem-
perature.ًـTheًـvaryingًـvoltageًـinputًـfromًـtheًـNTCًـsensorًـindicatesًـtheًـlargerًـproportion
ofًـoxygenًـfoundًـinًـcoldًـair,ًـasًـcomparedًـtoًـlessًـoxygenًـfoundًـinًـwarmerًـair.ًـTheًـECM
willًـadjustًـtheًـamountًـofًـinjectedًـfuelًـbecauseًـtheًـqualityًـofًـcombustionًـdependsًـon
oxygenًـsensingًـratio.

Theًـignitionًـtimingًـisًـalsoًـaffectedًـbyًـairًـtemperature.ًـIfًـtheًـintakeًـairًـisًـhotًـtheًـECM
retardsًـtheًـbaseًـignitionًـtimingًـtoًـreduceًـtheًـriskًـofًـdetonation.ًـIfًـtheًـintakeًـairًـisًـcooler,
theًـbaseًـignitionًـtimingًـwillًـbeًـadvanced.ًـTheًـECMًـusesًـthisًـinputًـasًـaًـdeterminingًـfac-
torًـforًـSecondaryًـAirًـInjectionًـactivation.

Ifًـthisًـinputًـisًـdefective,ًـaًـfaultًـcodeًـwillًـbeًـsetًـandًـtheًـ“Malfunction
IndicatorًـLight”ًـwillًـilluminateًـwhenًـtheًـOBDًـIIًـcriteriaًـisًـachieved.
TheًـECMًـwillًـmaintainًـengineًـoperationًـbasedًـonًـtheًـHFMًـand
EngineًـCoolantًـTemperatureًـsensor.ًـًـ
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VariableًـIntakeًـManifoldًـ(DISA)

TheًـintakeًـmanifoldًـonًـtheًـN52ًـusesًـaًـthreeًـstageًـdifferentialًـintakeًـairًـsystemًـ(DISA).
Theًـairًـflowًـthroughًـtheًـintakeًـmanifoldًـisًـcontrolledًـandًـre-directedًـbyًـtwoًـDISAًـactua-
torًـmotors.

EachًـactuatorًـmotorًـisًـoperatedًـbyًـanًـelectricًـmotorًـcontrolledًـbyًـtheًـEngineًـControl
Moduleًـ(ECM)ًـviaًـaًـPWMًـsignal.ًـًـTheًـPWMًـsignalًـisًـatًـaًـfrequencyًـofًـ200ًـHz.ًـThe
ECMًـvariesًـtheًـdutyًـcycleًـtoًـcontrolًـtheًـpositionًـofًـtheًـDISAًـflap.ًـTheًـactuatorًـconsists
ofًـaًـflapًـandًـmotorًـdrive.ًـThere are only two positions possible - closed or
opened. Whenًـactivated,ًـtheًـmotorًـmovesًـtheًـflapًـtoًـeachًـendًـposition.ًـًـBothًـactua-
torsًـareًـswitchedًـtoًـtheًـclosedًـpositionًـatًـidle.

The DISA motors are similar in design and operation, but they are not
interchangeable.  Each actuator assembly has it’s own individual part
number.



23
EngineًـElectronicsًـOverview

DISAًـOperation

1stًـstageًـً-ـidling/lowerًـengineًـspeedًـrangeًـ

Atًـidleًـspeedًـandًـinًـtheًـlowerًـengineًـspeedًـrange,ًـactuatorsًـ1ًـandًـ2ًـareًـclosed.ًـThe
intakeًـairًـflowsًـpastًـtheًـthrottleًـvalveًـintoًـtheًـresonanceًـpipe.ًـInًـtheًـresonanceًـpipe,ًـthe
intakeًـairًـmassًـsplits.ًـTheًـairًـisًـfedًـviaًـtheًـcollectorًـpipeًـandًـresonatingًـpipesًـintoًـthe
individualًـcylinders.ًـInًـthisًـway,ًـthreeًـcylindersًـareًـprovidedًـwithًـaًـcomparablyًـhighًـair
mass.ًـ

2ndًـstageًـً-ـmediumًـengineًـspeedًـrange

Inًـtheًـmediumًـengineًـspeedًـrange,ًـDISAًـactuatorًـmotorًـ2ًـisًـopened.ًـInًـthisًـcase,ًـitًـis
assumedًـthatًـtheًـinletًـvalvesًـofًـtheًـfirstًـcylinderًـareًـjustًـclosing.ًـTheًـgasًـmotionًـcreates
aًـpressureًـpeakًـatًـtheًـclosingًـinletًـvalves.ًـThisًـpressureًـpeakًـisًـpassedًـonًـviaًـtheًـres-
onatingًـandًـcollectorًـpipesًـtoًـtheًـinًـnextًـcylinderًـinًـtheًـfiringًـorder.ًـThisًـimprovesًـthe
freshًـgasًـfillingًـofًـtheًـnextًـcylinderًـtoًـbeًـfilled.ًـ

3rdًـstageًـً-ـupperًـengineًـspeedًـrange

Inًـtheًـupperًـengineًـspeedًـrange,ًـbothًـDISAًـactuatorًـmotorsًـareًـopened.ًـInًـthisًـcase,ًـit
isًـassumedًـthatًـtheًـinletًـvalvesًـofًـtheًـfirstًـcylinderًـareًـjustًـclosing.ًـTheًـgasًـmotionًـcre-
atesًـaًـpressureًـpeakًـinًـfrontًـofًـtheًـclosingًـinletًـvalves.ًـTheًـintakeًـairًـmassًـisًـnowًـfed
viaًـtheًـresonating,ًـovershootًـandًـcollectorًـpipes.ًـ

1st�Stage 2nd�Stage 3rd�Stage
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OneًـofًـtheًـmainًـpurposesًـofًـtheًـECMًـisًـFuelًـManagementًـwhichًـincludesًـtheًـactuation
ofًـseveralًـcomponents.ًـInًـtheًـfollowingًـpagesًـyouًـwillًـfindًـaًـgenericًـexplanationًـonًـhow
thisًـsystemًـworks.ًـForًـmoreًـdetailedًـinformationًـpleaseًـaccessًـBMWًـTraining
ReferenceًـManualsًـfoundًـonline.

FuelًـDeliveryًـUnit

Theًـfuelًـdeliveryًـunitًـisًـlocatedًـinsideًـtheًـfuelًـtank.ًـًـItًـconsistsًـofًـtheًـfollowing:

Inًـtheًـrightًـhalfًـofًـtheًـfuelًـtank
Fuelًـbaffleًـwithًـelectricًـfuelًـpumpًـ(EKP),ًـrightًـfuelًـlevelًـsensorًـandًـrightًـsuctionًـjet
pump.

Inًـtheًـleftًـhalfًـofًـtheًـfuelًـtank
Fuelًـfilterًـwithًـpressureًـregulator,ًـleftًـfuelًـlevelًـsensorًـandًـleftًـsuctionًـjetًـpump.

Theًـcomponentsًـareًـfirmlyًـconnectedًـtoًـtheًـrespectiveًـserviceًـcover.ًـًـWhenًـreplacing
theًـelectricًـfuelًـpump,ًـitًـcanًـbeًـremovedًـfromًـtheًـfuelًـtankًـcompleteًـwithًـtheًـservice
cover,ًـfuelًـbaffle,ًـsuctionًـjetًـpumpًـandًـfuelًـlevelًـsensor.

CAMSHAFT

ExampleًـofًـIPOًـforًـaًـFuelًـManagementًـSystem

FuelًـManagementًـOverviewًـ



FuelًـSupplyًـ

Theًـfuelًـisًـdeliveredًـfromًـtheًـfuelًـtankًـtoًـtheًـengineًـinًـtheًـfollowingًـsequence:

• Fromًـtheًـrightًـhalfًـofًـtheًـfuelًـtank;

ـً• throughًـtheًـinitialًـfillerًـvalveً(11)ـ;

ـً• intoًـtheًـfuelًـbaffleً(12)ـ;

ـً• fromًـtheًـelectricًـfuelًـpumpً(1)ـ;

ـً• viaًـaًـT-piece,ًـonًـtheًـoneًـside,ًـthroughًـtheًـcheckًـvalveًـً(3)ـintoًـtheًـfuelًـfilterً(4)ـ;

ـً• throughًـtheًـfeedًـlineًـً(5)ـinًـtheًـleft-handًـserviceًـopeningًـtoًـtheًـengine;

ـً• and,ًـonًـtheًـotherًـside,ًـviaًـtheًـcheckًـvalveًـً(8)ـtoًـtheًـleft-handًـsuctionًـjetًـpumpً(9)ـ
backًـintoًـtheًـfuelًـbaffle;

• parallelًـfromًـtheًـelectricًـfuelًـpumpًـtoًـtheًـright-handًـsuctionًـjetًـpumpً(10)ـ;

• andًـfromًـtheًـrightًـhalfًـofًـtheًـfuelًـtankًـintoًـtheًـfuelًـbaffle.

Theًـfuelًـfilterًـً(4)ـandًـpressureًـregulatorًـً(7)ـareًـlocatedًـatًـtheًـleft-handًـserviceًـopening.
Theًـcheckًـvalveًـً(8)ـopensًـatًـaًـfuelًـpressureًـaboveًـ2.5ًـbar.ًـItًـensuresًـtheًـengine
receivesًـsufficientًـfuelًـbeforeًـtheًـleftًـsuctionًـjetًـpumpًـcutsًـintoًـtheًـcircuit.

Asًـanًـexample,ًـonًـtheًـN52ًـengineًـtheًـpressureًـregulatorًـً(7)ـroutesًـtheًـfuelًـbackًـinto
theًـfuelًـbaffleًـًـً.(12)ـAًـ5ًـbarًـpressureًـregulatorًـisًـusedًـforًـvehiclesًـwithًـtheًـN52ًـengine.
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N52ًـFuelًـSupply
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Index Explanation Index Explanation

1 ElectricًـFuelًـPump 13 FuelًـLevelًـSensor

2 FeedًـLine 14 RefuellingًـLineًـConnectionًـPiece

3 CheckًـValve 15 RefuellingًـVentilationًـLine

4 FuelًـFilter 16 RefuellingًـVentilation

5 FeedًـLineًـtoًـEngine 17 LeftًـOperationًـVentilationًـValve

6 FuelًـInjector 18 RightًـOperationًـVentilationًـValve

7 PressureًـRegulator 19 OperationًـVentilationًـLine

8 CheckًـValve 20 DiagnosisًـModuleًـforًـTankًـLeakageًـ(DM-TL)

9 LeftًـSuctionًـJetًـPump 21 AtmosphereًـLine

10 RightًـSuctionًـJetًـPump 22 CarbonًـCanister

11 InitialًـFillingًـValve 23 FuelًـTankًـVentًـValve

12 FuelًـBaffle 24 DigitalًـMotorًـElectronics
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ElectricًـFuelًـPumpًـ
Theًـelectricًـfuelًـpumpًـdeliversًـfuelًـsimultaneouslyًـthroughًـtwoًـseparateًـcircuitsًـintoًـa
mainًـchannelًـandًـaًـsecondaryًـchannel.

Theًـmainًـchannelًـisًـusedًـforًـconveyingًـfuelًـtoًـtheًـfuelًـsupplyًـsystem.ًـTheًـsecondary
channelًـsuppliesًـtheًـrightًـhandًـsuctionًـjetًـpumpًـwithًـfuel.

Channelsًـareًـlocatedًـaboveًـtheًـpumpًـwheel,ًـinًـwhichًـaًـhelicalًـflowًـcirculationًـisًـpro-
ducedًـbyًـtheًـpositionًـofًـtheًـdeliveryًـblades.

Theًـfuelًـisًـthusًـconveyedًـfromًـtheًـintakeًـsideًـtoًـtheًـoutletًـside.ًـAnًـelectricًـfuelًـpump
withًـincreasedًـoutputًـisًـusedًـandًـhasًـaًـmaximumًـpressureًـofً5ـbarًـ(N52,ًـN54,ًـN55,
N63,ًـN74).

OnًـEnginesًـwithًـDirectًـInjectionًـ(N54,ًـN55,ًـN63,ًـN73ًـandًـN74),ًـthis
lowًـfuelًـpressureًـpumpًـfeedsًـtheًـhighًـfuelًـpressureًـpump(s)ًـwith
maximumًـpressuresًـtypicallyًـbetweenًـ50ًـandً200ـbar.

Index Explanation Index Explanation

1 Suctionًـjetًـpump 6 Intakeًـopening,ًـsecondaryًـchannel

2 Mainًـchannelًـinًـsupply 7 Secondaryًـchannelًـtoًـsuctionًـjetًـpump

3 Driveshaftًـfromًـelectricًـmotor 8 Initialًـfillingًـvalve

4 Impeller 9 Fuelًـbaffle

5 Intakeًـopening,ًـmainًـchannel
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FuelًـPumpًـControl

Inًـconventionalًـsystems,ًـtheًـelectricًـfuelًـpumpًـisًـoperatedًـcontinuouslyًـatًـmaximum
speedًـusingًـtheًـhighestًـon-boardًـsupplyًـvoltageًـavailable.ًـTheًـmaximumًـamountًـofًـfuel
thatًـmayًـbeًـrequiredًـisًـmadeًـavailableًـregardlessًـofًـtheًـoperatingًـconditions.

TheًـfuelًـpumpًـcontrolًـisًـmanagedًـbyًـtheًـEKPًـmodule.ًـTheًـfuelًـpumpًـisًـaًـvariable
speedًـcontrolledًـunitًـwhichًـmeansًـtheًـEKPًـmoduleًـonlyًـsuppliesًـtheًـrequiredًـfuelًـfor
engineًـoperationًـthusًـeliminatingًـexcessًـfuelًـdelivery.ًـThisًـarrangementًـalsoًـreduces
pumpًـwearًـandًـrunningًـlossesًـareًـkeptًـtoًـaًـminimum.

Inًـthisًـcase,ًـEKPًـstandsًـforًـtheًـ"Electronicًـfuelًـpumpًـcontrol"ًـsys-
tem.ًـًـTheًـEKPًـabbreviationًـisًـoftenًـusedًـtoًـreferًـtoًـtheًـelectricًـfuel
pumpًـitself.ًـًـTheًـelectronicallyًـcontrolledًـfuelًـpumpًـsystem
describedًـhereًـisًـcontrolledًـbyًـaًـcontrolًـunitًـcalledًـtheًـEKPًـcontrol
unit.ًـًـTheًـabbreviationًـEKPًـisًـusedًـhereًـtoًـreferًـtoًـtheًـsystemًـasًـa
whole.
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PrincipleًـofًـOperation

FuelًـManagementًـdeliversًـfuelًـfromًـtheًـtankًـtoًـtheًـintakeًـportsًـofًـtheًـengine.ًـTo
accomplishًـthis,ًـfuelًـsupplyًـmustًـbeًـavailableًـtoًـtheًـfuelًـinjectors.ًـThenًـtheًـfuelًـmustًـbe
injectedًـinًـtheًـpreciseًـamountًـandًـatًـtheًـcorrectًـtime.ًـTheًـECMًـdoesًـnotًـdirectlyًـmoni-
torًـfuelًـsupply,ًـalthoughًـitًـdoesًـcontrolًـit.ًـTheًـECMًـcontrolsًـandًـmonitorsًـfuelًـinjection.ًـ

TheًـECMًـ(DME)ًـisًـconnectedًـtoًـtheًـEKPًـmoduleًـviaًـtheًـPT-CANًـnetworkًـviaًـaًـpulse
widthًـmodulatedًـ(PWM)ًـsignalًـaccordingًـtoًـtheًـfuelًـquantityًـrequiredًـbyًـtheًـECM.ًـThe
electricًـfuelًـpumpًـinًـtheًـEKPًـsystemًـisًـactivatedًـasًـrequired.ًـTheًـDMEًـcalculatesًـthe
amountًـofًـfuelًـrequiredًـatًـtheًـgivenًـpointًـinًـtime.ًـTheًـtotalًـvolumeًـrequiredًـisًـtransmit-
tedًـasًـaًـmessageًـtoًـtheًـEKPًـcontrolًـunitًـviaًـPT-CAN.

TheًـEKPًـcontrolًـunitًـcontrolsًـtheًـelectricًـfuelًـpumpًـonًـtheًـbasisًـofًـmappingsًـsoًـthat
theًـelectricًـfuelًـpumpًـdeliversًـtheًـexactًـamountًـofًـfuelًـrequired.ًـ

TheًـEKPًـcontrolًـunitًـconvertsًـthisًـmessageًـintoًـanًـoutputًـvoltage.ًـThisًـoutputًـvoltage
isًـthenًـusedًـtoًـcontrolًـtheًـspeedًـofًـtheًـelectricًـfuelًـpump.ًـThisًـachievesًـaًـdelivery
whichًـcorrespondsًـwithًـtheًـrequirements.

TheًـillustrationsًـshownًـbelowًـareًـfromًـanًـE90ًـandًـanًـF10.ًـTheًـEKPًـmoduleًـonًـtheًـE90
containsًـoneًـofًـtheًـterminatingًـresistorsًـforًـtheًـPT-CAN.

F10ًـFuelًـRequirementًـSignalًـPath
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FuelًـrequirementًـmappingsًـareًـstoredًـinًـtheًـEKPًـcontrolًـunit.ًـًـTheًـfuelًـrequirement
mappingsًـareًـencodedًـforًـeachًـspecificًـengineًـandًـmodel.ًـًـTheًـEKPًـcontrolًـunitًـuses
theًـmappingsًـasًـtheًـbasisًـonًـwhichًـtoًـcalculateًـtheًـtotalًـamountًـofًـfuelًـtoًـbeًـdelivered
fromًـtheًـfollowingًـvariable:

• Amountًـofًـfuelًـrequiredًـbyًـtheًـengineًـ(requestًـfromًـtheًـECM).ًـThisًـresultsًـinًـa
pulse-widthًـmodulatedًـoutputًـvoltageًـfromًـtheًـEKPًـcontrolًـunit.ًـTheًـoutputًـvolt-
ageًـofًـtheًـEKPًـcontrolًـunitًـisًـtheًـsupplyًـvoltageًـforًـtheًـelectricًـfuelًـpump.ًـًـThe
EKPًـcontrolًـunitًـcontrolsًـtheًـspeedًـofًـtheًـelectricًـfuelًـpumpًـviaًـtheًـsupplyًـvoltage.
TheًـEKPًـcontrolًـunitًـcontrolsًـtheًـspeedًـbyًـcomparingًـtheًـactualًـspeedًـwithًـthe
specification.

Theًـcurrentًـspeedًـofًـtheًـelectricًـfuelًـpumpًـisًـcalculatedًـasًـfollows:

TheًـEKPًـcontrolًـunitًـsendsًـtheًـcurrentًـsupplyًـtoًـtheًـfuelًـpumpًـ(pulse-widthًـmodulat-
ed).ًـThisًـvoltageًـisًـabsorbedًـasًـaًـspecificًـrippleًـdueًـtoًـtheًـindividualًـarmatureًـwindings
ofًـtheًـrotatingًـelectricًـmotor.ًـًـTheًـrippleًـcorrespondsًـwithًـtheًـnumberًـofًـsegmentsًـin
theًـcommutatorًـwhichًـcorrespondsًـwithًـtheًـnumberًـofًـarmatureًـwindingsًـinًـtheًـelectric
motor.

Theًـnumberًـofًـwavesًـproducedًـperًـrevolutionًـisًـequalًـtoًـtheًـnumberًـofًـexistingًـcom-
mutatorًـsegments.

ThisًـmeansًـthatًـtheًـEKPًـcontrolًـunitًـcanًـemployًـaًـpatentedًـprocedureًـً-ـ"Ripple
Counter"ًـasًـtheًـbasisًـforًـcalculatingًـtheًـactualًـspeedًـofًـtheًـfuelًـpumpًـusingًـpower
consumptionًـripple.

CodingًـandًـProgramming

Theًـdataًـforًـtheًـelectronicallyًـcontrolledًـfuelًـpumpًـsystemًـisًـencodedًـasًـfollows:

• InًـtheًـECMًـ(DME),ًـtheًـengineًـandًـmodel-relatedًـcharacteristicًـcurvesًـforًـfuelًـ
deliveryًـaccordingًـtoًـrequirements.

• InًـtheًـEKPًـcontrolًـunit:ًـspecificًـcharacteristicًـcurvesًـforًـtheًـrelevantًـfuelًـsystem

FailsafeًـOperation

IfًـtheًـfuelًـquantityًـrequirementًـfromًـtheًـECMًـand/orًـtheًـEKPًـrotationًـspeed
signalًـfails,ًـtheًـfuelًـpumpًـwillًـcontinueًـtoًـoperateًـwithًـtheًـgreatestًـdeliveryًـrate
ifـevenًـsupplyًـfuelًـguaranteesًـThisًـً.activatedـisًـKL_15ًـterminalًـwhenًـً(100%)
theًـcontrolًـsignalsًـfail.
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FuelًـInjectors/FuelًـRail
Theًـtypeًـofًـfuelًـinjectorًـdependsًـonًـtheًـengineًـdesign.ًـBMWًـforًـtheًـmostًـpartًـutilizes
twoًـdifferentًـconfigurations:ًـ

;andـportًـintakeًـtheًـintoًـfuelًـsprayingًـheadًـcylinderًـtheًـintoًـmountedًـInjectorsًـًـً•

combustionـtheًـintoًـdirectlyًـfuelًـspayingًـheadًـcylinderًـtheًـintoًـmountedًـInjectorsًـًـً•
chamber,ًـalsoًـknownًـasًـDirect Injection.

Furthermore,ًـBMWًـusesًـtwoًـdifferentًـtypesًـofًـinjectors:

(systemsـpressureًـhighًـandًـlowًـinً)ـInjectorًـSolenoidًـًـً•

(systemsـpressureًـhighًـinًـusedًـonlyً)ـInjectorًـPiezoًـًـً•

InًـNormallyًـAspiratedًـ(NA)ًـenginesًـlikeًـtheًـN52,ًـdueًـtoًـtheًـwiderًـdesignًـofًـtheًـcylinder
head,ًـtheًـfuelًـinjectorsًـareًـnotًـlocatedًـinًـtheًـintakeًـmanifoldًـasًـonًـpreviousً6ـ-cylinder
engines.ًـThisًـisًـwhy,ًـasًـmentionedًـearlier,ًـtheًـinjectorsًـareًـnowًـmountedًـintoًـmachined
boreًـinًـtheًـcylinderًـhead.ًـThisًـdesignًـallowsًـtheًـinjectorsًـtoًـbeًـcloselyًـmountedًـtoًـthe
intakeًـvalves.

PowerًـsupplyًـforًـtheًـfuelًـinjectorsًـisًـfromًـTerminalًـKL_87ًـofًـtheًـfuel
injectorًـrelay.

Theًـfuelًـrailًـisًـaًـnon-returnًـdesignًـwhichًـincludesًـaًـserviceًـportًـfor
diagnosis.ًـًـ

N52 N54
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CrankshaftًـPosition/RPMًـSensorًـ(HallًـEffect)

AًـHallًـSensorًـprovidesًـtheًـcrankshaftًـpositionًـandًـengineًـspeedًـ(RPM)ًـsignalًـtoًـthe
ECMًـforًـfuelًـpumpًـandًـInjectorًـoperation.ًـ

TheًـHallًـsensorًـisًـsuppliedًـwithًـvoltageًـfrom
theًـECM.ًـAًـdigitalًـsquareًـwaveًـsignalًـisًـpro-
ducedًـbyًـtheًـsensorًـasًـtheًـteethًـofًـthe
impulseًـwheelًـpassًـby.ًـTheًـ“gap”ًـallowsًـthe
ECMًـtoًـestablishًـcrankshaftًـposition.ًـ

The crankshaft position sensor is
monitored as part of OBD II
requirements for Misfire
Detection. If this input is faulty,
the ECM will operate the engine
(limited driveability) from the
Camshaft Sensor input. 
A fault with this input will pro-
duce the following complaints:

•  Hard Starting/Long Crank Time

•  “Malfunction Indicator Light”

•  Driveability/Misfire/Engine Stalling

IntakeًـandًـExhaustًـCamshaftًـSensors

"Static"ًـHallًـsensorsًـareًـusedًـsoًـthatًـthe
camshaftًـpositionsًـareًـrecognizedًـonceًـignition
isًـonًـ(KL_15)ًـbeforeًـtheًـengineًـisًـstarted.ًـThe
mainًـfunctionsًـofًـtheًـintakeًـcamًـsensorًـare:

;timingـinjectionًـforًـً”cycleـworkً“ـCylinderًـً•

;Synchronizationـً•

speedـcrankshaftًـifً)ـsensorًـspeedًـEngineًـً•
sensorًـfails);

.camـintakeًـtheًـofًـcontrolًـpositionًـVANOSًـً•

Ifًـtheseًـsensorsًـfailًـthereًـareًـnoًـsubstituteًـvalues,ًـtheًـsystemًـwill
operateًـinًـtheًـfailsafeًـmodeًـwithًـnoًـVANOSًـadjustment.ًـThe
engineًـwillًـstillًـoperate,ًـbutًـtorqueًـreductionًـwillًـbeًـnoticeable.
Useًـcautionًـonًـrepairsًـasًـnotًـtoًـbendًـtheًـimpulseًـwheels.
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Theًـtwoًـcamshaftًـsensorsًـareًـmountedًـintoًـtheًـcylinderًـheadًـandًـmonitorًـtheًـimpulse
wheelsًـwhichًـareًـboltedًـtoًـtheًـfrontًـofًـtheًـVANOSًـunits.

Powerًـisًـsuppliedًـtoًـtheًـsensorsًـviaًـtheًـengineًـelectronicsًـfuses.
GroundًـisًـsuppliedًـviaًـtheًـECM.ًـTheًـsensorsًـareًـhallًـeffectًـandًـpro-
videًـtheًـECMًـwithًـaً5ـVًـsquareًـwaveًـsignal.

EngineًـCoolantًـTemperature

TheًـEngineًـCoolantًـTemperatureًـisًـprovided
toًـtheًـECMًـfromًـanًـNTCًـtypeًـsensorًـlocated
inًـtheًـcoolantًـjacketًـofًـtheًـcylinderًـhead.ًـThe
sensorًـcontainsًـtwoًـNTCًـelements,ًـtheًـother
sensorًـisًـusedًـforًـtheًـinstrumentًـclusterًـtem-
peratureًـgauge.

TheًـECMًـdeterminesًـtheًـcorrectًـair/fuelًـmix-
tureًـrequiredًـforًـtheًـengineًـtemperatureًـby
monitoringًـanًـappliedًـvoltageًـtoًـtheًـsensor
(5V).ًـThisًـvoltageًـwillًـvaryًـ(5-0V)ًـasًـcoolant
temperatureًـchangesًـtheًـresistanceًـvalue.ًـ

IfًـtheًـCoolantًـTemperatureًـsensorًـinputًـisًـfaulty,ًـaًـfaultًـcodeًـwillًـbe
setًـandًـtheًـECMًـwillًـassumeًـaًـsubstituteًـvalueًـ(80ºC)ًـtoًـmaintain
engineًـoperation.

CamshaftًـSensor CamshaftًـSensorًـTriggerًـWheel

39 10

DME
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OneًـofًـtheًـmainًـpurposesًـofًـtheًـECMًـisًـIgnitionًـManagementًـwhichًـincludesًـtheًـactua-
tionًـofًـseveralًـcomponents.ًـInًـtheًـfollowingًـpagesًـyouًـwillًـfindًـaًـgenericًـexplanationًـon
howًـthisًـsystemًـworks.ًـForًـmoreًـdetailedًـinformationًـpleaseًـaccessًـBMWًـTraining
ReferenceًـManualsًـfoundًـon-line.

IgnitionًـSystemًـInputs

Theًـignitionًـsystemًـonًـtheًـengineًـmanagementًـsystemًـusesًـseveralًـinputsًـtoًـcontrol
ignitionًـfunctions.ًـProperًـignitionًـtimingًـcontrolًـisًـdependentًـuponًـinputsًـsuchًـasًـRPM,
throttleًـposition,ًـcrankshaftًـposition,ًـairًـmassًـandًـtemperatureًـ(coolantًـandًـintakeًـair)
andًـinًـourًـturbochargedًـengines,ًـintakeًـboostًـpressure.

IgnitionًـCoils

Theًـignitionًـcoilsًـareًـtheًـfamiliarًـ“pencil”
type.ًـTheًـsecondaryًـignitionًـ“boot”ًـand
resistorًـareًـintegratedًـintoًـtheًـcoilًـhous-
ing.

SparkًـPlugs

TheًـsparkًـplugsًـusedًـonًـBMWًـEnginesًـareًـdesignedًـbyًـNGK.ًـًـThe
plugsًـuseًـanًـIridiumًـcenterًـelectrode.ًـTheًـcenterًـelectrodeًـisًـonly
plugـsparkًـnewًـTheًـً.redesignedـalsoًـisًـinsulatorًـTheًـً.thickـmmًـ0.6ً
technologyًـallowsًـforًـlongerًـserviceًـlifeًـandًـimprovedًـcoldًـstarting.ًـ

Iridiumًـisًـaًـpreciousًـmetalًـthatًـisًـ6ًـtimesًـharder
andًـ8ًـtimesًـstrongerًـthanًـplatinum,ًـitًـhasًـa
platinumـthanًـpointًـmeltingًـhigherًـFًـ1,200°ً
andًـconductsًـelectricityًـbetter.ًـ

ExampleًـofًـIPOًـforًـanًـIgnitionًـManagementًـSystem

IgnitionًـManagementًـOverview
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KnockًـSensors

Theًـknockًـsensorsًـoperateًـonًـtheًـpiezo
electricًـprinciple.ًـًـVibrationsًـfromًـcom-
bustionًـeventsًـareًـconvertedًـintoًـelectri-
calًـsignalsًـwhichًـareًـmonitoredًـbyًـthe
ECM.ًـًـExcessiveًـvibrationًـindicates
engineًـknockًـwhichًـwillًـcauseًـtheًـECMًـto
retardًـtheًـignitionًـtimingًـtoًـretardًـasًـnec-
essaryًـ

ExcessiveًـknockingًـwillًـcauseًـtheًـMILًـto
illuminate.

Whenًـinstallingًـknockًـsensors,ًـbeًـsureًـtoًـtorqueًـtoًـspecification.
Underًـorًـover-tighteningًـtheًـknockًـsensorsًـcanًـresultًـisًـerroneous
knockًـsensorًـfaultsًـorًـpoorًـengineًـperformance.

CrankshaftًـPosition/RPMًـSensorًـ(HallًـEffect)

TheًـcrankshaftًـpositionًـsensorًـprovidesًـtheًـECMًـwithًـaًـ5ًـvoltًـsquareًـwaveًـsignal.ًـThe
ECMًـcalculatesًـengineًـspeedًـ(RPM)ًـandًـcrankshaftًـpositionًـforًـignitionًـandًـinjection
systemًـoperation.ًـًـ

Theًـsensorًـisًـsuppliedًـwithًـ12ًـvoltsًـfromًـtheًـengineًـelectronicsًـfusesًـandًـgroundًـfrom
theًـECM.

Theًـcrankshaftًـpositionًـsensorًـisًـalsoًـmonitoredًـforًـvariationsًـinًـcrankshaftًـspeedًـto
determineًـmisfires.ًـًـ



Performance,ًـtorque,ًـidleًـcharacteristicsًـandًـexhaustًـemissionsًـreductionًـareًـimproved
byًـVariableًـCamshaftًـTiming.ًـًـTheًـVANOSًـsystemًـonًـtheًـN52ًـisًـweightًـoptimizedًـand
isًـsimilarًـinًـdesignًـtoًـtheًـVANOSًـonًـtheًـN62.ًـًـ

TheًـVanosًـunitsًـareًـmountedًـdirectlyًـonًـtheًـfrontًـofًـtheًـcamshaftsًـandًـadjustsًـtheًـ
timingًـofًـtheًـIntakeًـandًـExhaustًـcamshaftsًـthroughoutًـtheًـentireًـspreadًـrangeًـfrom
retardedًـtoًـadvanced.ًـTheًـECMًـcontrolsًـtheًـoperationًـofًـtheًـVANOSًـsolenoidsًـwhich
regulatesًـtheًـoilًـpressureًـrequiredًـtoًـmoveًـtheًـVANOSًـunits.ًـEngineًـRpm,ًـloadًـand
temperatureًـareًـusedًـtoًـdetermineًـVANOSًـactivation.

TheًـVANOSًـmechanicalًـoperationًـisًـdependentًـonًـengineًـoilًـpressureًـappliedًـtoًـ
positionًـtheًـVANOSًـunits.ًـًـWhenًـoilًـpressureًـisًـappliedًـtoًـtheًـunitsًـ(viaًـportsًـinًـthe
camshaftsًـregulatedًـbyًـtheًـsolenoids),ًـtheًـcamshaftًـhubsًـareًـrotatedًـinًـtheًـdrive
sprocketsًـchangingًـtheًـpositionًـwhichًـadvances/retardsًـtheًـintake/exhaustًـcamshafts
timing.ًـTheًـVANOSًـsystemًـisًـ“fullyًـvariable”.ًـWhenًـtheًـECMًـdetectsًـthatًـthe
camshaftsًـareًـinًـtheًـoptimumًـpositions,ًـtheًـsolenoidsًـmaintainًـoilًـpressureًـonًـtheًـunits
toًـholdًـtheًـcamshaftًـtiming.ًـ

TheًـoperationًـofًـtheًـVANOSًـsolenoidsًـareًـmonitoredًـinًـaccordanceًـwithًـtheًـOBDًـII
requirementsًـforًـemissionًـcontrol.ًـTheًـECMًـmonitorsًـtheًـfinalًـstageًـoutputًـcontrolًـand
theًـsignalsًـfromًـtheًـCamshaftًـPositionًـSensorsًـforًـVANOSًـoperation.

Note:ًـًـCurrentlyًـallًـBMWًـenginesًـfeatureًـDoubleًـVANOS.
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VANOSًـOverview



N55ًـvalveًـtimingًـdiagram

Note: TheًـN55ًـhasًـaًـlargerًـintakeًـandًـexhaustًـVANOSًـadjustmentًـrangeًـas
wellًـasًـlargerًـintakeًـvalveًـlift,ًـandًـcamًـdurationًـthanًـtheًـN54ًـengine.
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N54B30O0 N55B30M0

IntakeًـvalveًـØ [mm] 31.4 32

ExhaustًـvalveًـØ [mm] 28 28

Maximumًـvalveًـlift,ًـintake
valve/exhaustًـvalve

[mm] 9.7/9.7 9.9/9.7

Intakeًـcamshaftًـspreadًـ(VANOS
adjustmentًـrange)

[°crankshaft] 55 70

Exhaustًـcamshaftًـspreadًـ(VANOS
adjustmentًـrange)

[°crankshaft] 45 55

Intakeًـcamshaftًـopeningًـangle
(max.-min.ًـspread)

[°crankshaft] 70ـً-ـ125ً 50ـً-ـ120ً

Exhaustًـcamshaftًـopeningًـangle
(max.-min.ًـspread)

[°crankshaft] 85ـً-ـ130ً 60ـً-ـ115ً

Openingًـperiodًـintakeًـcamshaft [°crankshaft] 245 255

Openingًـperiodًـexhaustًـcamshaft [°crankshaft] 261 261



SinceًـtheًـintroductionًـofًـtheًـN52,ًـtheً6ـ-cylinderًـengineًـisًـnowًـalsoًـequippedًـwithًـthe
loadًـcontrolًـsystemًـbasedًـonًـtheًـvalveًـtimingًـgear.ًـًـTheًـVALVETRONICًـIًـsystemًـthat
wasًـusedًـonًـtheًـ8ًـandً12ـ-cylinderًـenginesًـalreadyًـachievedًـaًـsubstantialًـincreaseًـin
efficiency.

BMWًـhasًـfurtherًـdevelopedًـthisًـconceptًـwithًـtheًـVALVETRONICًـII.

Theًـresultsًـofًـthisًـfurtherًـdevelopmentًـare:

• Increasedًـengineًـdynamics

• Increasedًـefficiency

• Improvedًـemissionًـvalues

39
EngineًـElectronicsًـOverview

VALVETRONICًـOverview



LoadًـControl

Theًـillustrationًـonًـtheًـleftًـshowsًـtheًـconventionalًـmethodًـwithًـtheًـhigherًـloss.
Theًـreducedًـlossًـcanًـbeًـclearlyًـseenًـinًـtheًـillustrationًـonًـtheًـright.ًـًـTheًـupperًـareaًـ
representsًـtheًـpowerًـgainedًـfromًـtheًـcombustionًـprocessًـinًـtheًـpetrolًـengine.
Theًـlowerًـareaًـillustratesًـtheًـlossًـinًـthisًـprocess.

Theًـlossًـareaًـcanًـbeًـequatedًـtoًـtheًـchargeًـcycle,ًـrelatingًـtoًـtheًـamountًـofًـenergyًـthat
mustًـbeًـappliedًـinًـorderًـtoًـexpelًـtheًـcombustedًـexhaustًـgassesًـfromًـtheًـcylinderًـand
thenًـtoًـdrawًـtheًـfreshًـgassesًـagainًـintoًـtheًـcylinder.ًـ
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Index Explanation Index Explanation

OT Topًـdeadًـcenter 4 Exhaustًـvalveًـopens

UT Bottomًـdeadًـcenter 5 Firingًـpoint

1 Intakeًـvalveًـopens A Gain

2 Exhaustًـvalveًـcloses B Loss

3 Intakeًـvalveًـcloses P Pressure



VVTًـMotor

Asًـanًـexample,ًـonًـtheًـN52ًـengineًـtheًـVVTًـmotorًـisًـcontrolledًـdirectlyًـbyًـtheًـECM.
TheًـmotorًـreceivesًـpowerًـfromًـaًـrelayًـlocatedًـinًـtheًـE-box.
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Untilًـnow,ًـBMWًـhasًـbuiltًـaًـreputationًـforًـbuilding
highًـperformanceًـenginesًـwhichًـareًـnaturallyًـaspi-
rated.ًـMuchًـresearchًـhasًـgoneًـintoًـtheًـdevelop-
mentًـofًـanًـefficientًـengineًـdesignًـwhichًـmeets
notًـonlyًـtheًـexpectationsًـofًـtheًـcustomer,ًـbut
compliesًـwithًـallًـofًـtheًـcurrentًـemissionsًـlegisla-
tion.

Currently,ًـtheًـglobalًـfocusًـhasًـbeenًـcentered
aroundًـtheًـuseًـofًـalternativeًـfuelsًـandًـvarious
hybridًـdesigns.ًـWhileًـBMWًـrecognizesًـtheseًـcon-
cerns,ًـthereًـisًـstillًـmuchًـdevelopmentًـtoًـbeًـdone
onًـtheًـinternalًـcombustionًـengine.ًـTherefore,
BMWًـwillًـcontinueًـtoًـbuildًـsomeًـofًـbestًـinternal
combustionًـenginesًـinًـtheًـworld.

Thatًـisًـwhyًـinًـ2006ًـBMWًـintroducedًـtheًـN54ًـengineًـasًـtheًـfirstًـturbochargedًـpower-
plantًـinًـtheًـUSًـmarket.ًـInًـadditionًـtoًـturbocharging,ًـtheًـN54ًـfeaturesًـsecondًـgeneration
directًـinjectionًـandًـDouble-VANOS.

Asًـfarًـasًـgasolineًـenginesًـareًـconcerned,ًـturbochargingًـhasًـnotًـbeenًـinًـwidespreadًـuse
atًـBMW,ًـthatًـisًـuntilًـnow.ًـAsًـaًـmatterًـofًـfact,ًـtheًـlastًـturbochargedًـBMWًـproduction
vehicleًـwasًـtheًـE23ًـ(745i)ًـwhichًـwasًـnotًـofficiallyًـimportedًـintoًـtheًـUS.ًـTheًـprevious
“turbo”ًـmodelًـbeforeًـthatًـwasًـtheًـlegendaryًـ2002ًـtiiًـturboًـinًـtheًـearlyً1970ـ’s.ًـThis
.USـtheًـintoًـimportedًـofficiallyًـnotًـalsoًـwasًـturboًـtiiًـ2002ً

PrinciplesًـofًـOperation

Theًـturbochargerًـconsistsًـofًـaًـturbineًـandًـcompressorًـassemblyًـonًـaًـcommonًـshaft
insideًـofًـtheًـturbochargerًـhousing.ًـAًـturbochargerًـisًـdrivenًـbyًـwasteًـ(exhaust)ًـgasses
andًـinًـturnًـdrivesًـaًـcompressorًـwhichًـforcesًـairًـintoًـtheًـengineًـaboveًـatmospheric
pressure.ًـThisًـincreaseًـpressureًـallowsًـforًـanًـairًـchargeًـwithًـaًـgreaterًـdensity.ًـThe
resultًـisًـincreasedًـtorqueًـandًـhorsepower.ًـTheًـturbineًـandًـtheًـcompressorًـcanًـrotateًـat
speedsًـofًـupًـtoًـ200,000ًـrpmًـandًـtheًـexhaustًـinletًـtemperatureًـcanًـreachًـmaxًـtempera-
turesًـofًـupًـtoً1050ـºC.

Thisًـincreasedًـdensityًـduringًـtheًـintakeًـstrokeًـultimatelyًـaddsًـupًـtoًـtheًـcreationًـof
moreًـengineًـoutputًـtorque.ًـOfًـcourse,ًـthisًـincreasedًـdensityًـmustًـbeًـaccompaniedًـby
additionalًـfuelًـtoًـcreateًـtheًـdesiredًـpower.ًـThisًـisًـaccomplishedًـbyًـengineًـmanagement
systemًـprogrammingًـtoًـincreaseًـinjectorًـ“on-time”ًـandًـenhanceًـassociatedًـmaps.

Theًـuseًـofًـanًـexhaustًـdrivenًـturbochargerًـisًـusedًـtoًـcreateًـmoreًـengineًـpowerًـthrough
increasedًـefficiency.ًـInًـtheًـcaseًـofًـBMWًـturbochargedًـengines,ًـtheًـturbochargerًـis
usedًـinًـconjunctionًـwithًـdirectًـfuelًـinjection.ًـThisًـprovidesًـtheًـbestًـcombinationًـofًـeffi-
ciencyًـandًـpowerًـwithًـnoًـcompromise.

N54

TurbochargingًـTechnologyًـOverview



N54�Turbo�schematics

N63�Turbo�schematics
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Bi-turbocharging

Aًـmajorًـadvantageًـofًـtheًـsmaller-sizedًـtur-
bochargersًـisًـtheirًـlowًـmomentًـofًـinertia.ًـEven
theًـslightestًـimpetusًـgivenًـbyًـtheًـdriverًـwithًـthe
acceleratorًـpedalًـreceivesًـaًـresponseًـwithًـan
immediateًـbuild-upًـofًـpressure.ًـTheًـlagًـtypically
experiencedًـuntilًـnowًـinًـturbochargedًـenginesًـ-
i.e.ًـtheًـtimeًـitًـtakesًـforًـtheًـturbochargerًـtoًـattain
itsًـpower-deliveringًـeffectًـً-ـisًـthusًـnoًـlongerًـper-
ceptible.ًـ

ThisًـrequirementًـisًـmetًـinًـtheًـN54ًـengineًـwith
twoًـsmallًـturbochargers,ًـwhichًـareًـconnectedًـinًـparallel.ًـCylindersًـ2ًـً,1ـandًـ3ًـ(bankً1ـ)
driveًـtheًـfirstًـturbochargerًـً(5)ـwhileًـcylindersًـ5ًـً,4ـandًـ6ًـ(bankً2ـ)ًـdriveًـtheًـsecondً(2)ـ.
Theًـadvantageًـofًـaًـsmallًـturbochargerًـliesًـinًـtheًـfactًـthat,ًـasًـtheًـturbochargerًـrunsًـup
toًـspeed,ًـtheًـlowerًـmomentًـofًـinertiaًـofًـtheًـturbineًـcausesًـfewerًـmassesًـtoًـbeًـacceler-
ated,ًـandًـthusًـtheًـcompressorًـattainsًـaًـhigherًـboostًـpressureًـinًـaًـshorterًـamountًـof
time.

Twin-scrollًـTurboًـSystem

Theًـresponseًـcharacteristicsًـofًـtheًـuseًـofًـtwin-
scrollًـexhaustًـturbochargersًـareًـenhancedًـwhen
comparedًـtoًـtheًـsingle-scrollًـturbos.ًـForًـexample,
theًـS63’sًـturbochargerًـturbinesًـareًـfedًـthrough
twoًـseparateًـchannelsًـwithinًـtheًـturbineًـhousing
(highlightedًـredًـinًـtheًـgraphic).ًـEachًـofًـthese
channelsًـorًـ“scrolls”ًـisًـalwaysًـfedًـbyًـtheًـexhaust
pulsesًـfromًـtheًـsameًـtwoًـcylinders.ًـ

Theًـlayoutًـandًـcrossًـsectionsًـofًـtheًـturbineًـimpellerًـandًـcompressorًـwheelsًـhaveًـbeen
correspondinglyًـadaptedًـandًـareًـdesignedًـforًـtheًـmaximumًـexhaustًـinletًـoperatingًـtem-
peratureًـofًـً°1020ـCًـ(ـً°1868F).

Theًـspeciallyًـdesignedًـexhaustًـmanifoldًـconnectsًـeachًـofًـtheًـ8ًـcylindersًـinًـsequence
accordingًـtoًـtheًـexhaustًـpulsesًـinًـtheًـfiringًـorder.ًـThisًـdeliversًـaًـuniformًـflowًـofًـexhaust
gasًـtoًـtheًـturbochargersًـwhichًـimprovesًـvolumetricًـefficiencyًـbyًـpromotingًـcylinder
scavenging.

Everyًـً°180ـofًـcrankshaftًـrotation,ًـoneًـexhaustًـgasًـpulseًـisًـfedًـtoًـeachًـturbocharger
overًـtheًـentireًـignitionًـsequenceً(2–7–3–6–8–4–5–1)ـ.

Thisًـhighlyًـefficientًـchargingًـconceptًـachievesًـoptimumًـenergyًـtransmissionًـofًـthe
exhaustًـflowًـtoًـtheًـturbineًـbladesًـofًـtheًـturbochargers.ًـTheًـresultًـisًـtheًـfastestًـand
mostًـdirectًـresponseًـcharacteristicsًـofًـanyًـturboًـengineًـworldwide.ًـTheًـinnovativeًـtech-
nologyًـisًـpatentedًـbyًـBMWًـandًـthereforeًـrepresentsًـaًـuniqueًـsellingًـpointًـoverًـthe
competition.
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OneًـofًـtheًـmainًـpurposesًـofًـtheًـECMًـisًـEmissionsًـManagementًـwhichًـincludesًـthe
actuationًـofًـseveralًـcomponents.ًـInًـtheًـfollowingًـpagesًـyouًـwillًـfindًـaًـgenericًـexplana-
tionًـonًـhowًـthisًـsystemًـworks.ًـForًـmoreًـdetailedًـinformationًـpleaseًـaccessًـBMW
TrainingًـReferenceًـManualsًـfoundًـon-line.

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

OxygenًـSensors

Oxygenًـsensorًـbeforeًـcatalyticًـconverter
Theًـpre-catًـoxygenًـsensorsًـmeasureًـthe
residualًـoxygenًـcontentًـofًـtheًـexhaustًـgas.
Theًـsensorsًـproducesًـaًـlowًـvoltageًـpropor-
tionalًـtoًـtheًـoxygenًـcontentًـthatًـallowsًـthe
ECMًـtoًـmonitorًـtheًـair/fuelًـratio.ًـ

Theًـsensorsًـareًـmountedًـinًـtheًـhotًـexhaust
streamًـdirectlyًـinًـfrontًـofًـtheًـcatalyticًـcon-
verters.

Fullًـoperationalًـreadinessًـisًـachievedًـafter
.(secondsـ20ًـ4.2ًـLSUً)ـsecondsًـ10ً

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
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ExampleًـofًـIPOًـforًـanًـEmissions
ManagementًـSystem

EmissionsًـManagementًـOverview
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Oxygenًـsensorًـafterًـcatalyticًـconverter
Theًـoxygenًـsensorًـafterًـcatalyticًـconverterًـisًـalso
knownًـasًـtheًـmonitoringًـsensor.ًـTheirًـpurposeًـisًـto
monitorًـtheًـpre-catًـsensorًـforًـproperًـoperation.

TheًـfamiliarًـBoschًـmonitoringًـandًـpre-catًـsensorsًـare
usedًـinًـmostًـofًـourًـNGًـengines.

CarbonًـCanisterًـ(AKF)

TheًـAKFًـisًـusedًـtoًـpreventًـHCًـvaporsًـfromًـgoingًـtoًـtheًـatmosphere.ًـAsًـtheًـhydrocar-
bonًـvaporsًـenterًـtheًـcanister,ًـtheyًـwillًـbeًـabsorbedًـbyًـtheًـactiveًـcarbon.ًـTheًـremaining
airًـwillًـbeًـventedًـtoًـtheًـatmosphereًـthroughًـtheًـendًـofًـtheًـcanister,ًـDMًـTLًـandًـfilter,
allowingًـtheًـfuelًـtankًـtoًـ“breath”.ًـ

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

Index Explanation

1 Pre-catalystًـsensors

2 Post-catalystًـsensors
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EvaporativeًـEmissionًـValve

ThisًـECMًـcontrolledًـsolenoidًـvalveًـregulates
theًـpurgeًـflowًـfromًـtheًـCarbonًـCanisterًـinto
theًـintakeًـmanifold.ًـTheًـECMًـRelayًـprovides
operatingًـvoltage,ًـandًـtheًـECMًـcontrolsًـthe
valveًـbyًـregulatingًـtheًـgroundًـcircuit.ًـThe
valveًـisًـpoweredًـopenًـandًـclosedًـbyًـan
internalًـspring.

IfًـtheًـEvaporativeًـEmissionًـValveًـCircuitًـisًـdefective,ًـaًـfaultًـcodeًـwill
beًـsetًـandًـtheًـ“MalfunctionًـIndicatorًـLight”ًـwillًـilluminateًـwhenًـthe
OBDًـIIًـcriteriaًـisًـachieved.

EvaporativeًـLeakageًـDetectionًـ(DM-TL)

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

TheًـpumpًـalsoًـcontainsًـanًـECMًـcontrolledًـchange
overًـvalveًـthatًـisًـenergizedًـclosedًـduringًـaًـLeak
Diagnosisًـtest.ًـTheًـchangeًـoverًـvalveًـisًـopenًـduring
allًـotherًـperiodsًـofًـoperationًـallowingًـtheًـfuelًـsystem
toًـ“breath”ًـthroughًـtheًـinletًـfilter.ًـ

AًـheatingًـelementًـisًـintegratedًـinًـtheًـDM-TLًـpump
toًـeliminateًـcondensation.ًـTheًـheaterًـisًـprovided
batteryًـvoltageًـwithًـ“KL15”ًـandًـtheًـECMًـprovides
theًـgroundًـpath.
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ExhaustًـEmissions

TheًـcombustionًـprocessًـofًـaًـgasolineًـpoweredًـengineًـproducesًـCarbonًـMonoxide
(CO),ًـCarbonًـDioxideًـ(CO2),ًـHydrocarbonsًـ(HC)ًـandًـOxidesًـofًـNitrogenًـ(NOx).ًـ

• CarbonًـMonoxideًـisًـaًـproductًـofًـincompleteًـcombustionًـunderًـconditionsًـofًـair
deficiency.ًـًـCOًـemissionsًـareًـdependentًـonًـtheًـair/fuelًـratio.

• CarbonًـDioxideًـisًـaًـgreenhouseًـgasًـthatًـtrapsًـtheًـearth'sًـheatًـandًـcontributesًـto
GlobalًـWarming.

• Hydrocarbonًـareًـalsoًـaًـproductًـofًـincompleteًـcombustionًـwhichًـresultsًـin
unburnedًـfuel.ًـًـHCًـemissionsًـareًـdependentًـonًـair/fuelًـratioًـandًـtheًـignitionًـofًـthe
mixture.

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

Controlًـofًـexhaustًـemissionsًـisًـaccomplishedًـbyًـtheًـengineًـandًـengineًـmanagement
designًـasًـwellًـasًـafter-treatment.ًـ

• TheًـECMًـmanagesًـexhaustًـemissionsًـbyًـcontrollingًـtheًـair/fuelًـratioًـandًـignition.

• TheًـECMًـcontrolledًـSecondaryًـAirًـInjectionًـfurtherًـdilutesًـexhaustًـemissionsًـleav-
ingًـtheًـengineًـandًـreduceًـtheًـcatalystًـwarmًـupًـtime.

• TheًـCatalyticًـConverterًـfurtherًـreducesًـexhaustًـemissionsًـleavingًـtheًـengine.
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ElectricallyًـHeatedًـThermostat
Modelًـspecificًـvariantsًـofًـtheًـelectricallyًـheatedًـthermostatًـareًـequippedًـonًـall
LEV/ULEVًـcompliantًـengines.ًـThisًـthermostatًـallowsًـtheًـengineًـtoًـrunًـmoreًـefficiently
thanًـconventionalًـthermostatsًـimprovingًـfuelًـeconomy.ًـ

TheًـECMًـalsoًـelectricallyًـactivatesًـtheًـthermostatًـtoًـlowerًـtheًـengineًـcoolantًـtempera-
tureًـbasedًـonًـmonitoredًـconditions.ًـItًـisًـbothًـaًـconventionallyًـfunctioningًـandًـECM
controlledًـthermostatًـ(twoًـstageًـoperation).ًـTheًـECMًـcontrolًـaddsًـheatًـtoًـtheًـwaxًـcore
causingًـtheًـthermostatًـtoًـopenًـearlierًـthanًـit’sًـmechanicalًـtemperatureًـratingًـproviding
increasedًـcoolantًـflow.ًـ

ConventionalًـFunction

Theًـthermostatًـbeginsًـtoًـopenًـat
103ºC.ًـًـThisًـisًـatًـtheًـinletًـsideًـofًـthe
waterًـpumpًـandًـrepresentsًـtheًـtem-
peratureًـofًـtheًـcoolantًـenteringًـthe
engine.ًـBeforeًـtheً103ـºCًـtempera-
tureًـisًـrealized,ًـtheًـcoolantًـisًـcirculat-
edًـthroughًـtheًـengineًـblockًـbyًـthe
waterًـpump.

Afterًـtheًـtemperatureًـreachesً103ـºC
itًـisًـmaintainedًـasًـtheًـinletًـtempera-
tureًـbyًـtheًـthermostat.ًـTheًـcoolant
temperatureًـatًـtheًـwaterًـpump
engineًـoutletًـisًـapproximatelyً110ـºC.
Theًـadditionalً7ـºCًـareًـachievedًـafter
theًـcoolantًـhasًـcirculatedًـthroughًـthe
block.ًـ

Theًـoperatingًـtemperatureًـofًـthe
engineًـwillًـremainًـwithinًـthisًـrangeًـas
longًـasًـtheًـengineًـisًـrunningًـatًـpart
loadًـconditionsًـandًـtheًـengine
coolantًـtemperatureًـdoesًـnotًـexceed
113ºC.
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Electricًـthermostatًـactivationًـisًـbasedًـonًـtheًـfollowingًـparameters:

• Engineًـtemperatureً113ـً<ـºC

• RadiatorًـCoolantًـOutletًـTemperature

• Loadًـsignalًـ“ti”ًـ5.8ًـً<ـms

• Intakeًـairًـtempً52ـً<ـºC

• Vehicleًـspeedًـ110ًـً<ـMPH

Whenًـoneًـorًـmoreًـofًـtheseًـmonitoredًـconditionsًـisًـdetermined,ًـtheًـECMًـactivates
(switchedًـground)ًـtheًـthermostatًـcircuit.ًـTheًـactivatedًـheatingًـelementًـcausesًـtheًـwax
coreًـinًـtheًـthermostatًـtoًـheatًـupًـandًـopenًـtheًـthermostatًـincreasingًـcoolantًـcirculation
throughًـtheًـradiatorًـwhichًـbringsًـtheًـengineًـtemperatureًـdown.

Theًـtemperatureًـofًـtheًـcoolantًـatًـtheًـinletًـsideًـofًـtheًـwaterًـpumpًـwillًـdropًـtoًـapproxi-
matelyً85ـºCًـandًـtheًـtemperatureًـatًـtheًـoutletًـsideًـwillًـdropًـtoًـapproximatelyً103ـºC
whenًـactivated.
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CrankcaseًـVentilationًـ

Theًـcrankcaseًـventilationًـsystemًـvariesًـaccordingًـtoًـtheًـengine.Theًـpressureًـcontrol
valveًـandًـcyclonicًـoilًـseparatorًـareًـcommonlyًـusedًـandًـcombinedًـintoًـoneًـunit.ًـ

Althoughًـtheًـcrankcaseًـventilationًـsystemًـandًـprincipleًـofًـoperationًـremainًـtheًـsame,
componentًـlocationًـmayًـchange.

Theًـpressureًـcontrolًـvalveًـvariesًـtheًـvacuumًـappliedًـtoًـtheًـcrankcaseًـventilation
dependingًـonًـengineًـload.ًـًـTheًـvalveًـisًـbalancedًـbetweenًـspringًـpressureًـandًـthe
amountًـofًـmanifoldًـvacuum.ًـ

Theًـoilًـvaporsًـexitًـtheًـseparatorًـlabyrinthًـinًـtheًـcylinderًـheadًـcover.ًـًـTheًـoilًـvaporsًـare
drawnًـintoًـtheًـcycloneًـtypeًـliquid/vaporًـseparatorًـandًـregulatedًـbyًـtheًـpressureًـcontrol
valve.

Theًـoilًـvaporsًـexitًـtheًـpressureًـcontrolًـvalveًـintoًـtheًـintakeًـmanifold.ًـTheًـcollectedًـoil
willًـdrainًـbackًـintoًـtheًـoilًـpan.ًـ

Theًـvaporsًـexitًـtheًـpressureًـcontrolًـvalveًـandًـareًـdrawnًـintoًـtheًـintakeًـmanifold
throughًـaًـcentrallyًـlocatedًـport.

ForًـturbochargedًـenginesًـsuchًـasًـtheًـN54,ًـN55,ًـN63ًـandًـN74,ًـtwoًـnon-returnًـvalves
areًـusedًـtoًـpreventًـtheًـriskًـofًـboostًـpressureًـbeingًـintroducedًـintoًـtheًـcrankcase.
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Asًـtheًـvaporsًـexitًـtheًـpressureًـcontrolًـvalve,ًـtheyًـareًـdrawnًـintoًـtheًـintakeًـmanifold.ًـ

Atًـidleًـwhenًـtheًـintakeًـmanifoldًـvacuumًـisًـhigh,ًـtheًـvacuumًـreducesًـtheًـvalveًـopening
allowingًـaًـsmallًـamountًـofًـcrankcaseًـvaporsًـtoًـbeًـdrawnًـintoًـtheًـintakeًـmanifold.ًـ

Atًـpartًـtoًـfullًـloadًـconditionsًـwhenًـintakeًـmanifoldًـvacuumًـisًـlower,ًـtheًـspringًـopens
theًـvalveًـandًـadditionalًـcrankcaseًـvaporsًـareًـdrawnًـintoًـtheًـintakeًـmanifold.

1

3

2

Index Explanation

1 Engine Oil Vapors

2 Collective Drain Back Oil

3 Oil Vapors to the Intake Manifold
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ExampleًـofًـIPOًـforًـaًـPerformanceًـControlًـSystem

Dynamic�Cruise�Control

The cruise control with braking function was introduced with the BMW 3 Series (E9x).
It is also referred to as "Dynamic Cruise Control" (DCC).

Mostly, DCC is a conventional cruise control system with some additional functions.  The
DCC offers the driver the opportunity to adjust the set speed in small or large incre
ments, which is then set and maintained by the system by controlling power output and
braking. 

The brakes are also controlled during steep downhill driving if sufficient deceleration is
not achieved by engine dragtorque alone.

Dynamic Cruise Control in vehicles with BN2020 is not computed in the DSC control
unit as it is in other vehicles.  Instead, it has been integrated into the ICM control unit.

PerformanceًـControlًـOverview



Active�Cruise�Control�with�Stop�&�Go�function

ACCًـStopًـً&ـGoًـisًـlargelyًـidenticalًـtoًـthatًـinًـtheًـE6xًـLCI.ًـًـACCًـStopًـً&ـGoًـextendsًـthe
operatingًـrangeًـofًـtheًـformerًـACCًـsystemًـtoًـincludeًـlowًـspeedsًـdownًـtoًـaًـstandstill.ًـ

In other words, speed and distance from the vehicle in front are automatically controlled
at those speeds as well.

ACC Stop & Go will automatically stop the car if necessary and then indicate to the dri
ver as soon as it detects that it is possible to start moving again.

To pull away again, the driver has to acknowledge this message. The pullingaway
process is controlled fully automatically by ACC Stop & Go only if the duration of the
standstill is very short.

Thus, ACC Stop & Go provides optimum assistance for the driver not only in moving
traffic but also in traffic jams such as are more and more frequently encountered on
highways. However, this 
system (in common with ACC) is not intended for use in urban areas for negotiating
junctions or traffic lights.

The functions of ACC Stop & Go differ from those in the E6x LCI in the following areas:

• Operation and display

• Behavior in response to driver's intention to get out.
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F01ًـBusًـInterfaceًـforًـACCًـStopًـً&ـGo
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Index Explanation Index Explanation

1 ZGM 7 ICM

2 DSC 8 FlexRay bus

3 Short range radar sensor, left 9 FlexRay terminating resistor, DSC and DME

4 Long range radar sensor 10 LoCAN bus termination

5 Short range radar sensor, right 11 LoCAN terminating resistor

6 DME
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ExhaustًـFlapًـControl

Theًـexhaustًـflapًـisًـdesignedًـto
reduceًـnoiseًـatًـidle,ًـlowًـRPMًـaccel-
erationًـandًـwhileًـcoasting.ًـًـThe
exhaustًـflapًـisًـcontrolledًـviaًـvacuum
actuator.ًـًـTheًـvacuumًـactuatorًـis
suppliedًـvacuumًـviaًـtheًـengineًـdri-
venًـvacuumًـpump.

TheًـECMًـcontrolsًـtheًـflapًـusingًـa
vacuumًـventًـvalve.ًـًـ

Asًـcomparedًـtoًـpreviousًـvehicles,ًـtheًـsystemًـnoًـlongerًـneedsًـaًـvacuumًـreservoir.ًـThis
isًـdueًـtoًـtheًـfactًـthatًـtheًـvacuumًـisًـnotًـsuppliedًـbyًـtheًـengineًـandًـnotًـsubjectًـtoًـvaria-
tionsًـinًـintakeًـmanifoldًـvacuum.ًـ

Theًـexhaustًـflapًـisًـsprungًـopenًـandًـclosedًـbyًـvacuum.ًـًـTheًـECMًـwillًـde-activateًـtheًـ
vacuumًـventًـvalveًـinًـorderًـtoًـopenًـtheًـflap.ًـًـ

Theًـflapًـisًـopenedًـaboveًـapproximatelyًـ2500ًـRPM.ًـًـFlapًـoperationًـisًـalsoًـdependent
uponًـengineًـload.ًـ

DynamicًـDrivingًـControlًـً-ـ“SportًـSwitch”

Aًـcentral,ًـhigher-levelًـofًـDrivingًـDynamicsًـControlًـsystemًـwasًـfirstًـintroducedًـinًـBMW
vehiclesًـseveralًـyearsًـago.ًـControlًـelementsًـareًـalreadyًـinstalledًـinًـaًـnumberًـofًـBMW
modelsًـthatًـtheًـdriverًـcanًـuseًـtoًـswitchًـindividualًـsystemsًـtoًـaًـsportingًـmode.ًـThis
includesًـtheًـsportsًـsettingًـofًـtheًـautomaticًـselectorًـleverًـwhereًـonlyًـtheًـshiftًـcharacter-
isticsًـofًـtheًـautomaticًـgearboxًـareًـinfluenced.ًـ

TheًـsystemًـbehavesًـinًـaًـsimilarًـmannerًـwhenًـtheًـSPORTًـbuttonًـforًـtheًـElectronic
DampingًـControlًـorًـVerticalًـDynamicsًـControlًـ(shownًـright)ًـisًـused.ًـThisًـonlyًـchanges
theًـcharacteristicًـ(hardness)ًـofًـtheًـshockًـabsorber.

TheًـfirstًـtimeًـaًـSPORTًـbuttonًـinfluencedًـseveralًـsystemsًـwasًـinًـtheًـE85/E86.ًـTheًـcor-
respondingًـ“DrivingًـDynamicsًـControl”ًـfunctionًـeffectsًـaًـchangeoverًـbetweenًـaًـstan-
dardًـmodeًـandًـaًـsportingًـmodeًـinًـtheًـsteering,ًـautomaticًـgearboxًـandًـaccelerator
pedal.ًـThisًـmeantًـitًـwasًـnowًـpossibleًـtoًـcoordinateًـtheseًـthreeًـsystemsًـfarًـmoreًـeffec-
tivelyًـinًـbothًـmodesًـwithًـtheًـresultًـthatًـtheًـcustomerًـnowًـexperiencesًـaًـcarًـthatًـis
uncompromisinglyًـtailoredًـtoًـ“Sport”ًـinًـeveryًـsense.
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SPORTًـButtonًـinًـE70/E71ًـ

TheًـDrivingًـDynamicsًـControlًـhasًـbeenًـfurtherًـimprovedًـinًـvehiclesًـwithًـBN2020
(e.g.ًـF01/F02)ًـasًـitًـnowًـcontainsًـtwoًـgroundbreakingًـfeaturesًـwhenًـcomparedًـtoًـthe
E85/E86:

comprehensivelyـareًـvehicleًـtheًـinًـinstalledًـsystemsًـdrivingًـdynamicًـandًـdriveًـAllًـًـً.1
switchedًـover.

alsoـisًـControlًـStabilityًـDynamicًـtheًـofًـstatusًـTheًـً.availableـareًـsettingsًـFourًـًـً.2
takenًـintoًـaccountًـthusًـensuringًـthatًـtwoًـadditionalًـsettingsًـareًـpossible.

Theًـchangeoverًـoperationsًـforًـmanyًـdriveًـandًـdrivingًـdynamicsًـfunctionsًـareًـtherefore
bundledًـinًـtheًـdrivingًـdynamicsًـcontrolًـTheًـvehicleًـasًـaًـwholeًـthenًـbehavesًـasًـtheًـdri-
verًـwouldًـexpectًـinًـaccordanceًـwithًـhis/herًـchosenًـsetting.ًـThisًـbundlingًـcanًـmakeًـthe
handlingًـcharacteristicsًـofًـtheًـvehicleًـconsiderablyًـmoreًـdistinctiveًـandًـlessًـcompromis-
ing.

Whenًـsportًـmodeًـisًـactivated,ًـtheًـdrivingًـdynamicsًـofًـtheًـvehicleًـtakeًـonًـsportierًـquali-
ties.ًـTheًـSportًـmodeًـ(“Sportًـً”+ـisًـavailableًـinًـcertainًـmodels)ًـcanًـbeًـoperatedًـviaًـaًـdri-
vingًـdynamicsًـswitchًـlocatedًـinًـtheًـcenterًـconsole.ًـTheًـelectronicًـcontrolًـunitsًـswitch
toًـmoreًـdynamicًـsettings,ًـmakingًـtheًـengineًـmoreًـresponsiveًـ(EDK)ًـwithًـaًـfirmerًـsteer-
ingًـstrategyًـ(EPS),ًـlessًـbodyًـrollًـ(ARS)ًـandًـaًـsportierًـsuspensionًـsettingًـ(VDMًـً-ـEDC).

Index Explanation Index Explanation

1 SPORTًـbutton 2
VerticalًـDynamicsًـControlًـwithًـelectronically

adjustableًـshockًـabsorbersًـ
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Additionallyًـinًـvehiclesًـequippedًـwithًـautomaticًـtransmissionًـ(EGS),ًـBMW’sًـDouble
ClutchًـTransmissionًـ(DCT)ًـorًـSequentialًـManualًـGearboxًـ(SMG),ًـactivatingًـtheًـsport
modeًـshortensًـgearshiftًـtimesًـandًـmakesًـtheًـgearshiftًـcharacteristicًـevenًـmoreًـ
dynamic.

InًـcertainًـvehiclesًـtheًـDynamicًـDrivingًـControlًـallowsًـtheًـdriverًـtoًـcustomizeًـtheًـsystem
itًـwantsًـtoًـinfluence:ًـDrive Train, Chassis, and/or Transmission (inًـadditionًـtheًـdri-
verًـcanًـuseًـtheًـcontrollerًـtoًـmakeًـfurtherًـsettings).

TheًـDynamicًـDrivingًـControlًـfunctionًـrequestًـisًـcarriedًـoverًـbyًـtheًـDME/ICMًـ(depend-
ingًـonًـtheًـvehicle)ًـthroughًـtheًـbusًـnetworkًـtoًـtheًـfollowingًـcontrolًـmodules:

• ICMًـً-ـIntegralًـChassisًـManagement.

• DMEًـً-ـTheًـengineًـcontrolًـsystemًـforًـtheًـacceleratorًـpedalًـcharacteristic.

• EGS/DCT/SMGًـً-ـTheًـelectronicًـgearboxًـcontrolًـforًـdrivingًـprogramsًـand
shiftًـspeed.

• EPSًـً-ـPowerًـSteeringًـassistanceًـ(Servotronic).

• KOMBI/CIDًـً-ـDisplayًـrelevantًـDDCًـinformationًـtoًـtheًـdriver.

• ARSًـً-ـActiveًـRollًـStabilizationًـvariesًـtheًـstiffness/responseًـcharacteristic
ofًـtheًـswayًـbars.

• VDMًـً-ـTheًـVerticalًـDynamicsًـManagementًـvariesًـtheًـstiffness/response
characteristicًـofًـtheًـdampers.

• DSCًـً-ـDTCًـisًـactivatedًـinًـ“Sportًـ+”.

Index Explanation

1 DTC button

2 Driving Dynamics Switch

DTC�button�and�Driving�Dynamics�switch
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ElectricًـFan

Asًـusual,ًـtheًـelectricًـfanًـhasًـitsًـownًـelectronics
moduleًـandًـisًـcontrolledًـdependentًـonًـengine
speedًـandًـtemperatureًـbyًـaًـpulse-widthًـmodulat-
edًـsignal.ًـًـTheًـpulseًـdutyًـfactorًـduringًـnormal
operationًـ(ـ100ًHz)ًـisًـconvertedًـintoًـaًـspeedًـsignal.

ـً• electronicsـfanًـtheًـwakesًـfactorًـdutyًـpulseًـ7%ً

ـً• theـofًـً%33ـtoًـequatesًـfactorًـdutyًـpulseًـ11%ً
maximumًـfanًـspeed

ـً• -maxiـtheًـtoًـequatesًـfactorًـdutyًـpulseًـ93%ً
mumًـfanًـspeed

ـً• -selfـforًـcommandًـaًـisًـfactorًـdutyًـpulseًـ97%ً
diagnosisًـofًـtheًـfanًـelectronics

Toًـoutputًـtheًـfanًـafter-runningًـcommand,ًـtheًـoutputًـfrequencyًـofًـtheًـDMEًـisًـreduced
toًـ10ًـHzًـduringًـtheًـlatchingًـphaseًـ(terminalًـKL_15ًـOFF).ًـًـTheًـfanًـtimeًـandًـspeedًـare
selectedًـbasedًـonًـtheًـpulseًـdutyًـfactor.

AًـfurtherًـnewًـfeatureًـisًـthatًـtheًـDMEًـswitchesًـtheًـpowerًـsupplyًـthroughًـterminalًـ30ًـvia
aًـrelay.

TheًـelectricًـcoolingًـfanًـisًـcontrolledًـbyًـtheًـECMًـforًـengineًـcoolingًـsystemًـandًـairًـcon-
ditioningًـsystemًـrequirements.ًـTheًـECMًـusesًـaًـremoteًـpowerًـoutputًـfinalًـstage
(mountedًـonًـtheًـfanًـhousing).ًـTheًـelectricًـfanًـisًـcontrolledًـbyًـaًـpulseًـwidthًـmodulated
signalًـfromًـtheًـECM.ًـ

Theًـfanًـ(andًـspeed)ًـisًـactivatedًـbyًـtheًـECMًـbasedًـon:

• Coolantًـoutletًـtemperature

• Catalystًـtemperature
(calculatedًـbyًـtheًـECM)

• Vehicleًـspeed

• Batteryًـvoltage

• AirًـConditioningًـrefrigerantًـpressure
(calculatedًـbyًـIHKAًـandًـsentًـviaًـtheًـPTًـCANًـbusًـtoًـtheًـECM)
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ECMًـIntegratedًـTemperatureًـSensor

TheًـEًـBoxًـfanًـisًـcontrolledًـbyًـtheًـECM.ًـTheًـcontrolًـmoduleًـcon-
tainsًـanًـintegralًـNTCًـtemperatureًـsensorًـforًـtheًـpurposeًـofًـmoni-
toringًـtheًـEًـboxًـtemperatureًـandًـactivatingًـtheًـfan.

Whenًـtheًـinternalًـtemperatureًـexceedsً65ـºًـC,ًـtheًـECMًـprovides
aًـswitchedًـgroundًـforًـtheًـEًـBoxًـfanًـtoًـcoolًـtheًـEًـboxًـcontrol
modules.ًـ

AlternatorًـInterfaceًـ

TheًـalternatorًـcommunicatesًـdataًـwithًـtheًـECMًـviaًـtheًـBSDًـlineًـ(bit-serialًـdataًـinter-
faceًـً-ـsingleًـwire).ًـThisًـisًـnecessaryًـtoًـallowًـtheًـECMًـtoًـadaptًـitsًـcalculationsًـandًـspe-
cificًـcontrolًـdataًـtoًـtheًـalternatorًـoutput.ًـInًـaddition,ًـtheًـECMًـcontrolsًـtheًـfollowing
functions:

• Activation/deactivationًـofًـtheًـalternator.

• Informingًـtheًـvoltageًـregulatorًـofًـtheًـnominalًـvoltageًـvalueًـtoًـbeًـset.

• Controllingًـtheًـalternator’sًـloadًـresponse.

• DiagnosingًـtheًـBSDًـline.

• Storingًـalternatorًـfaultًـcodes.

• Activatingًـtheًـchargingًـindicatorًـlightًـinًـtheًـinstrumentًـcluster.

Theًـchargingًـindicatorًـlightًـoperationًـhasًـnotًـchangedًـfromًـpresentًـvehicles.

PT-CANًـBusًـCommunication

TheًـECMًـprovidesًـsignalsًـtoًـotherًـ“driveline”ًـrelatedًـmodulesًـforًـtorqueًـcontrol,
shiftًـquality,ًـdiagnosis,ًـsafetyًـenhancements,ًـetc.


	Main Menu
	01 Engine Electronics Overview
	02 Engine Electronics IPOs
	03 Air Management
	04 Fuel Management
	05 Ignition Management
	06 VANOS
	07 VALVETRONIC
	08 Turbocharging Technology
	09 Cooling Systems
	10 Emissions Management
	11 NVLD



