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WorkshopًـHints 60.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً
Fuel 60.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً
DrainingًـtheًـFuelًـTank 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.ـً.ـً.ـً.ـً.ـً
FuelًـPump/PressureًـRegulatorًـً-ـTesting 61.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً
Fuelًـvolumeًـmustًـbeًـtestedًـtoًـverify: 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
FuelًـInjectorsً62.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.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
CrankshaftًـPosition/RPMًـSensorً65.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـًـ
CrankshaftًـSensorًـ(N55) 65.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.ـً.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:

• Understandًـandًـperformًـaًـlowًـpressureًـfuelًـsystemًـtest

• Understandًـallًـinputsًـusedًـinًـdeterminingًـtheًـproperًـfuelًـinjectorًـoperation

• Performًـaًـscopeًـtestًـofًـfuelًـinjectors

• UnderstandًـhowًـaًـBMWًـhighًـpressureًـfuelًـsystemًـoperates



Example of IPO for a Fuel Management System

Principle of Operation

OneًـofًـtheًـmainًـpurposesًـofًـtheًـECMًـisًـFuelًـManagementًـwhichًـincludesًـtheًـactua-
tionًـofًـseveralًـcomponents.ًـInًـtheًـfollowingًـpagesًـyouًـwillًـfindًـaًـgenericًـexplanationًـon
howًـthisًـsystemًـworks.ًـForًـmoreًـdetailedًـinformationًـpleaseًـaccessًـBMWًـTraining
ReferenceًـManualsًـfoundًـonline.

FuelًـManagementًـdeliversًـfuelًـfromًـtheًـtankًـtoًـtheًـintakeًـportsًـofًـtheًـengine.
Toًـaccomplishًـthis,ًـfuel supply mustًـbeًـavailableًـtoًـtheًـfuelًـinjectors.ًـOnceًـthisًـis
accomplished,ًـtheًـfuelًـmustًـbeًـinjectedًـinًـtheًـpreciseًـamountًـandًـatًـtheًـcorrectًـtime.
TheًـECMًـdoesًـnotًـdirectlyًـmonitorًـfuelًـsupply,ًـalthoughًـitًـdoesًـcontrolًـfuelًـsupply.
TheًـFuel Pump suppliesًـfuelًـwhenًـitًـreceivesًـoperatingًـvoltageًـfromًـtheًـEngine
ControlًـModuleًـRelayًـsupplyingًـtheًـFuel Pump Relay.ًـThe ECM controls and
monitors fuel injection. 

TheًـFuel Pump willًـbeًـactivatedًـwhenًـtheًـignitionًـ(KL_15)ًـisًـswitchedًـ“on”ًـandًـthe
ECMًـsuppliesًـaًـgroundًـcircuitًـtoًـactivateًـtheًـFuelًـPumpًـRelay.ًـTheًـFuelًـPumpًـRelay
suppliesًـoperatingًـpowerًـtoًـtheًـin-tankًـmountedًـfuelًـpump.ًـThisًـisًـaًـmomentaryًـacti-
vationًـtoًـ“pressurize”ًـ(prime)ًـtheًـfuelًـsystem.ًـ

TheًـECMًـthenًـrequiresًـanًـengineًـspeedًـsignalًـfromًـtheًـCrankshaft Position/RPM
SensorًـtoًـmaintainًـcontinuousًـFuelًـPumpًـRelayًـactivation.

IfًـtheًـengineًـRPMًـsignalًـisًـnotًـpresent,ًـtheًـECMًـwillًـdeactivateًـtheًـFuelًـPumpًـRelay.

The Fuel Injectors willًـbeًـopenedًـbyًـtheًـECMًـtoًـinjectًـpressurizedًـfuelًـintoًـthe
engine.ًـTheًـFuelًـInjectorsًـreceiveًـvoltageًـfromًـtheًـEngineًـControlًـModuleًـRelay.ًـThe
ECMًـcontrolsًـtheًـopeningًـbyًـactivatingًـtheًـgroundًـcircuits.ًـTheًـECMًـwillًـvaryًـtheًـdura-
tionًـ(inًـmilli-seconds)ًـofًـ“opening”ًـtimeًـtoًـregulateًـtheًـair/fuelًـratio.ًـًـ
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TheًـECMًـhasًـtheًـFinalًـStageًـoutputًـtransis-
torsًـthatًـswitchًـgroundًـtoًـtheًـinjectors.ًـThe
Injectorًـ“triggering”ًـisًـfirstًـestablishedًـfrom
theًـCrankshaftًـPosition/RPMًـSensor.ًـ

TheًـECMًـisًـprogrammedًـtoًـactivateًـtheًـFinal
Stageًـoutputًـtransistorsًـonceًـforًـeveryًـtwo
revolutionsًـofًـtheًـcrankshaft.ًـinًـtwoًـgroups
(Semi-SequentialًـInjection).

Theًـinjectorsًـareًـopenedًـinًـtwoًـgroupsًـfor
everyًـcompleteًـ“workingًـcycle”ًـofًـtheًـengine.
Thisًـdeliversًـtheًـfuelًـchargeًـforًـcylindersً1,5,3ـ
duringًـoneًـrevolutionًـofًـtheًـcrankshaftًـand
cylindersًـ6,2,4ًـduringًـtheًـsecondًـrevolutionًـof
theًـcrankshaft.ًـThisًـprocessًـenhancesًـfuel
atomizationًـduringًـstartًـup.

Duringًـstartًـup,ًـtheًـECMًـrecognizesًـthe
CamshaftًـPositionًـ(CylinderًـID)ًـinput.ًـThe
camshaftًـpositionًـisًـreferencedًـtoًـtheًـcrank-
shaftًـposition.ًـItًـthenًـswitchesًـtheًـinjectionًـto
FullًـSequential.ًـThisًـprocessًـ“times”ًـthe
injectionًـcloserًـtoًـtheًـintakeًـvalveًـopeningًـfor
increasedًـefficiency.

Whenًـactivated,ًـeachًـinjectorًـdeliversًـtheًـfull
fuelًـchargeًـatًـseparateًـtimesًـduringًـeach
engineًـworkingًـcycle.

If this input is faulty, the ECM
will activate the injectors in
Parallel to maintain engine
operation and set a fault code. 

Fuse

Fuel

Injection

Relay
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Afterًـtheًـengineًـhasًـbeenًـstarted,ًـtheًـECMًـdeterminesًـthe Injector “open” time to
maintainًـengineًـoperation.ًـTheًـECMًـwillًـcalculateًـtheًـinjectionًـ“timing”ًـbasedًـonًـa
combinationًـofًـtheًـfollowingًـinputs.

• BatteryًـVoltage

• ThrottleًـPosition

• AirًـFlowًـVolume/Mass

• AirًـTemperature

• CrankshaftًـPosition/RPM

• CamshaftًـPositionًـ(CylinderًـID)

• EngineًـCoolant

• OxygenًـSensor

Additionally in turbocharged
engines the ECM also employs:

• BoostًـPressureًـSensor.

• ChargeًـAirًـPressureًـand
TemperatureًـSensorًـ(Before
EDK).

• IntakeًـManifoldًـPressure
Sensorًـ(AfterًـEDK).

Theًـinjectionًـmillisecondًـ(ms)ًـvalueًـwillًـbeًـregulatedًـbasedًـonًـbatteryًـvoltage.ًـWhen
cranking,ًـtheًـvoltageًـisًـlowًـandًـtheًـECMًـwillًـincreaseًـtheًـmsًـvalueًـtoًـcompensateًـfor
injectorًـ“lagًـtime”.ًـWhenًـtheًـengineًـisًـrunningًـandًـtheًـbatteryًـvoltageًـisًـhigher,ًـthe
ECMًـwillًـdecreaseًـtheًـinjectionًـmsًـvalueًـdueًـtoًـfasterًـinjectorًـreactionًـtime.

Coldًـstartingًـrequiresًـadditionalًـfuelًـtoًـcompensateًـforًـpoorًـmixtureًـandًـtheًـlossًـofًـfuel
asًـitًـcondensesًـontoًـcoldًـintakeًـports,ًـvalvesًـandًـcylinderًـwallsًـً.ـTheًـcoldًـstartًـfuel
quantityًـisًـdeterminedًـbyًـtheًـECMًـbasedًـonًـtheًـEngineًـCoolantًـTemperatureًـSensor
inputًـduringًـstartًـup.

Duringًـcranking,ًـadditionalًـfuelًـisًـinjectedًـ(inًـSemi-Sequential)ًـforًـtheًـfirstًـfewًـcrank-
shaftًـrevolutions.ًـAfterًـtheًـfirstًـfewًـcrankshaftًـrevolutions,ًـtheًـinjectedًـquantityًـis
meteredًـdownًـasًـtheًـengineًـcomesًـupًـtoًـspeed.ًـWhenًـtheًـengineًـspeedًـapproaches
idleًـrpm,ًـtheًـECMًـrecognizesًـtheًـCamshaftًـPositionًـandًـswitchesًـtoًـFullًـSequential
injection.

Whenًـtheًـengineًـisًـcold,ًـoptimumًـfuelًـmeteringًـisًـnotًـpossibleًـdueًـtoًـpoorًـair/fuelًـmix-
ingًـandًـanًـenrichedًـmixtureًـisًـrequired.ًـTheًـCoolantًـTemperatureًـinputًـallowsًـtheًـECM
toًـadjustًـtheًـinjectionًـ“ms”ًـvalueًـtoًـcompensateًـduringًـwarmًـupًـandًـminimizeًـthe
injectedًـfuelًـatًـengineًـoperatingًـtemperature.

Cylinder Id Signal
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Whenًـtheًـengineًـisًـatًـidle,ًـminimumًـinjectionًـisًـrequired.ًـAdditionalًـfuelًـwillًـbeًـaddedًـif
theًـECMًـobservesًـlowًـengineًـrpmًـandًـincreasingًـthrottle/airًـvolumeًـinputsًـ(acceleration
enrichment).ًـAsًـtheًـthrottleًـisًـopened,ًـtheًـECMًـmonitorsًـaccelerationًـandًـrateًـofًـmove-
ment.ًـTheًـECMًـwillًـincreaseًـtheًـvolumeًـofًـinjectedًـfuelًـintoًـtheًـengineًـbyًـincreasing
theًـinjectionًـ“ms”ًـvalue.ًـTheًـ“fullًـthrottle”ًـpositionًـindicatesًـmaximumًـaccelerationًـand
theًـECMًـwillًـaddًـmoreًـfuelًـ(fullًـloadًـenrichment).

Asًـtheًـthrottleًـisًـclosed,ًـtheًـECMًـdecreasesًـtheًـinjectionًـ“ms”ًـvalueًـ(fuelًـshutًـoff)ًـifًـthe
rpmًـisًـaboveًـidleًـspeedًـ(coasting).ًـThisًـfeatureًـdecreasesًـfuelًـconsumptionًـandًـlowers
emissions.ًـWhenًـtheًـengineًـrpmًـapproachesًـidleًـspeed,ًـtheًـinjectionًـ“ms”ًـvalueًـis
increasedًـ(cut-in)ًـtoًـpreventًـtheًـengineًـfromًـstalling.ًـTheًـcut-inًـrpmًـisًـdependentًـupon
theًـengineًـtemperatureًـandًـtheًـrateًـofًـdeceleration.

TheًـHot-FilmًـAirًـMassًـ(HFM)ًـsignalًـprovidesًـtheًـmeasuredًـamountًـofًـintakeًـairًـvol-
ume/mass.ًـThisًـinputًـisًـusedًـbyًـtheًـECMًـtoًـdetermineًـtheًـamountًـofًـfuelًـtoًـbeًـinjected
toًـ“balance”ًـtheًـair/fuelًـratio.ًـ

TheًـAirًـTemperatureًـSignalًـallowsًـtheًـECMًـtoًـmakeًـanًـadditionalًـcalculationًـofًـairًـden-
sity.ًـTheًـvaryingًـvoltageًـinputًـfromًـtheًـNTCًـsensorًـindicatesًـtheًـlargerًـproportionًـof
oxygenًـfoundًـinًـcoldًـair,ًـasًـcomparedًـtoًـlessًـoxygenًـfoundًـinًـwarmerًـair.ًـTheًـECMًـwill
adjustًـtheًـamountًـofًـinjectedًـfuelًـbecauseًـtheًـqualityًـofًـcombustionًـdependsًـonًـoxygen
sensingًـratio.

TheًـCrankshaftًـPosition/RPMًـsignalsًـtheًـECMًـtoًـstartًـinjectionًـasًـwellًـasًـproviding
informationًـaboutًـtheًـengineًـoperation.ًـThisًـinputًـisًـusedًـinًـcombinationًـwithًـother
inputsًـtoًـdetermineًـengineًـloadًـwhichًـincreases/decreasesًـtheًـinjectionًـ“ms”ًـvalue.
WithoutًـthisًـinputًـtheًـECMًـwillًـnotًـactivateًـtheًـinjectors.

TheًـCamshaftًـPositionًـ(CylinderًـID)ًـaffectsًـthe
injectionًـtimingًـ(Semi-Sequential/Full
Sequential).ًـToًـaccomplishًـthis,ًـtheًـECMًـcon-
tainsًـsixًـFinalًـStageًـoutputًـtransistorsًـthatًـacti-
vateًـtheًـinjectorsًـindividually.ًـTheًـengineًـoper-
atesًـsufficientlyًـonًـSemi-SequentialًـInjection
(twoًـgroupsًـofًـthree),ًـbutًـmoreًـefficientlyًـon
FullًـSequentialًـInjectionًـ(sixًـindividual).ًـIfًـoneًـof
theًـfuelًـinjectorًـcircuitsًـfaulted,ًـtheًـengineًـcan
stillًـoperateًـonًـlimitedًـpowerًـfromًـtheًـother
remainingًـfuelًـinjectorًـcircuits.

ENGINE SPEED

/ REF SIGNAL
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TheًـECMًـwillًـselectivelyًـdeactivateًـinjectorsًـto
controlًـmaximumًـengineًـrpmًـ(regardlessًـof
vehicleًـspeed).ًـWhenًـtheًـengineًـspeedًـreach-
esًـitsًـ“redline”,ًـtheًـinjectorsًـwillًـbeًـindividually
deactivatedًـasًـrequiredًـtoًـprotectًـtheًـengine
fromًـover-rev.ًـAsًـtheًـengineًـspeedًـdrops
belowًـ“redline”,ًـinjectorًـactivationًـwillًـbe
resumed.ًـThisًـfeatureًـdoesًـnotًـprotectًـthe
engineًـfromًـaًـforcedًـover-revًـsituationًـsuchًـas
improperlyًـdownshiftingًـaًـmanualًـtransmission
equippedًـvehicleًـ(driverًـerror).

TheًـECMًـwillًـalsoًـprotectًـtheًـCatalytic
Converterًـbyًـdeactivatingًـtheًـinjectors.ًـ

IfًـtheًـECMًـdetectsًـaًـ“misfire”ًـ(ignition,ًـinjection
orًـcombustion)ًـitًـcanًـselectivelyًـdeactivateًـthe
FinalًـStageًـoutputًـtransistorًـforًـthatًـcylinder(s).ًـ

Theًـinjector(s)ًـwillًـnotًـopen,ًـpreventing
unburnedًـfuelًـfromًـenteringًـtheًـexhaustًـsys-
tem.ًـ

TheًـECMًـcontrolsًـtheًـindividualًـinjectorًـcircuits
resultingًـinًـdeactivationًـofًـoneًـorًـmultiples.
Thisًـwillًـlimitًـengineًـpower,ًـbutًـprotectًـthe
CatalyticًـConverter.

Maximum vehicle speed is also limited by the ECM selectively
deactivating the injectors (regardless of engine rpm).

This limitation is based on the vehicle dimensions, specifications
and installed tires (speed rating). 
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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.

F10 Fuel Requirement Signal Path

Fuel Requirement Mappings
FuelًـrequirementًـmappingsًـareًـstoredًـinًـtheًـEKPًـcontrolًـunit.ًـًـTheًـfuelًـrequirement
mappingsًـareًـencodedًـforًـeachًـspecificًـengineًـandًـmodel.ًـًـTheًـEKPًـcontrolًـunitًـuses
theًـmappingsًـasًـtheًـbasisًـonًـwhichًـtoًـcalculateًـtheًـtotalًـamountًـofًـfuelًـtoًـbeًـdelivered
fromًـtheًـfollowingًـvariable:

• Amountًـofًـfuelًـrequiredًـbyًـtheًـengineًـ(requestًـfromًـtheًـECM).ًـThisًـresultsًـinًـa
pulse-widthًـmodulatedًـoutputًـvoltageًـfromًـtheًـEKPًـcontrolًـunit.ًـTheًـoutputًـvolt-
ageًـofًـtheًـEKPًـcontrolًـunitًـisًـtheًـsupplyًـvoltageًـforًـtheًـelectricًـfuelًـpump.ًـًـThe
EKPًـcontrolًـunitًـcontrolsًـtheًـspeedًـofًـtheًـelectricًـfuelًـpumpًـviaًـtheًـsupplyًـvoltage.
TheًـEKPًـcontrolًـunitًـcontrolsًـtheًـspeedًـbyًـcomparingًـtheًـactualًـspeedًـwithًـthe
specification.
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Speed of the Electric Fuel Pump
TheًـEKPًـcontrolًـunitًـsendsًـtheًـcurrentًـsupplyًـtoًـtheًـfuelًـpumpًـ(pulse-widthًـmodulat-
ed).ًـThisًـvoltageًـisًـabsorbedًـasًـaًـspecificًـrippleًـdueًـtoًـtheًـindividualًـarmatureًـwindings
ofًـtheًـrotatingًـelectricًـmotor.ًـًـTheًـrippleًـcorrespondsًـwithًـtheًـnumberًـofًـsegmentsًـin
theًـcommutatorًـwhichًـcorrespondsًـwithًـtheًـnumberًـofًـarmatureًـwindingsًـinًـtheًـelectric
motor.

Theًـnumberًـofًـwavesًـproducedًـperًـrevolutionًـisًـequalًـtoًـtheًـnumberًـofًـexistingًـcom-
mutatorًـsegments.

ThisًـmeansًـthatًـtheًـEKPًـcontrolًـunitًـcanًـemployًـaًـpatentedًـprocedureًـً-ـ"Ripple
Counter"ًـasًـtheًـbasisًـforًـcalculatingًـtheًـactualًـspeedًـofًـtheًـfuelًـpumpًـusingًـpower
consumptionًـripple.

Coding and Programming

Theًـdataًـforًـtheًـelectronicallyًـcontrolledًـfuelًـpumpًـsystemًـisًـencodedًـasًـfollows:

• InًـtheًـECMًـ(DME),ًـtheًـengineًـandًـmodel-relatedًـcharacteristicًـcurvesًـforًـfuelًـ
deliveryًـaccordingًـtoًـrequirements.

• InًـtheًـEKPًـcontrolًـunit:ًـspecificًـcharacteristicًـcurvesًـforًـtheًـrelevantًـfuelًـsystem

Failsafe Operation

If the fuel quantity requirement from the ECM and/or the EKP rotation
speed signal fails, the fuel pump will continue to operate with the
greatest delivery rate (100%) when terminal KL_15 is activated. This
guarantees fuel supply even if the control signals fail.

Fuel Injection Control Monitoring
FuelًـInjectionًـControlًـMonitoringًـisًـperformed
byًـtheًـECMًـforًـOBDًـIIًـrequirements.ًـFaults
withًـtheًـfuelًـinjectorsًـand/orًـcontrolًـcircuits
willًـbeًـstoredًـinًـmemory.ًـThisًـmonitoring
includes:

OperationـLoopًـClosedًـً•

FeedbackـSensorًـOxygenًـً•

Theseًـadditionalًـcorrectionsًـareًـfactoredًـinto
theًـcalculatedًـinjectionًـtime.ًـIfًـtheًـcorrection
factorًـexceedsًـsetًـlimitsًـaًـfaultًـwillًـbeًـstoredًـin
memory.

WhenًـtheًـcriteriaًـforًـOBDًـIIًـmonitoringًـisًـach-
ieved,ًـtheًـ“MalfunctionًـIndicatorًـLight”ًـwillًـbe
illuminated.ًـ
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Fuel Supply 

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.



Fuel�supply�system�on�E9x
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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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N55 Engine

Fuel supply system

Theًـfuelًـpressureًـsensorًـsendsًـaًـvoltageًـsignal,ًـcorrespondingًـtoًـtheًـsystemًـpressure
appliedًـbetweenًـtheًـfuelًـpumpًـandًـtheًـhighًـpressureًـpump,ًـtoًـtheًـengineًـcontrolًـunit
(DME/ECM).ًـTheًـsystemًـpressureًـ(fuelًـpressure)ًـisًـdeterminedًـwithًـtheًـfuelًـ
pressureًـsensorًـupstreamًـofًـtheًـhighًـpressureًـpump.ًـTheًـtargetًـpressureًـisًـconstantly
comparedًـtoًـtheًـactualًـpressureًـinًـtheًـDME.

Ifًـtheًـtargetًـpressureًـdeviatesًـfromًـtheًـactualًـpressure,ًـtheًـengineًـcontrolًـunitًـincreases
orًـdecreasesًـtheًـvoltageًـforًـtheًـelectricًـfuelًـpump.ًـThisًـvoltageًـisًـsentًـinًـtheًـformًـofًـa
messageًـviaًـtheًـPT-CANًـtoًـtheًـEKPًـcontrolًـunit.

Theًـelectricًـfuelًـpumpًـ(EKP)ًـcontrolًـunitًـconvertsًـtheًـmessageًـintoًـanًـoutputًـvoltageًـ
forًـtheًـelectricًـfuelًـpump,ًـthusًـregulatingًـtheًـrequiredًـdeliveryًـpressureًـforًـtheًـengineًـ
(orًـhighًـpressureًـpump).ًـTheًـelectricًـfuelًـpumpًـisًـpilot-controlledًـinًـtheًـeventًـofًـsignal
failureًـ(fuelًـpressureًـsensor).ًـShouldًـtheًـCANًـbusًـfailًـtheًـEKPًـcontrolًـunitًـoperatesًـthe
electricًـfuelًـpumpًـwithًـtheًـappliedًـsystemًـvoltage.ًـTheًـfuelًـflowsًـviaًـtheًـhighًـpressure
lineًـtoًـtheًـfuelًـrail.ًـTheًـfuelًـisًـbufferedًـinًـtheًـfuelًـrailًـandًـdistributedًـtoًـtheًـfuelًـinjectors.

Fuel quantity control

Theًـrailًـpressureًـsensorًـmeasuresًـtheًـcurrentًـfuelًـpressureًـinًـtheًـrail.ًـTheًـexcessًـfuelًـis
returnedًـtoًـtheًـinletًـofًـtheًـhighًـpressureًـpumpًـwhenًـtheًـquantityًـcontrolًـvalveًـinًـthe
highًـpressureًـpumpًـopens.ًـVehicleًـoperationًـisًـrestrictedًـinًـtheًـeventًـofًـtheًـhighًـpres-
sureًـpumpًـfailing.

Theًـquantityًـcontrolًـvalveًـcontrolsًـtheًـfuelًـpressureًـinًـtheًـrail.ًـTheًـengineًـmanagement
actuatesًـtheًـquantityًـcontrolًـvalveًـwithًـaًـpulseًـwidth-modulatedًـsignal.ًـDependingًـon
theًـpulseًـwidth,ًـaًـvariableًـthrottleًـcrossًـsectionًـisًـreleased,ًـthusًـprovidingًـtheًـquantity
ofًـfuelًـrequiredًـforًـtheًـcurrentًـloadًـstatusًـofًـtheًـengine.ًـItًـisًـalsoًـpossibleًـtoًـreduceًـthe
pressureًـinًـtheًـrail.

N63 Engine
TheًـfuelًـsystemًـonًـtheًـF01/02ًـhasًـgoneًـunderًـsomeًـdesignًـchangesًـasًـcomparedًـto
previousًـmodels.ًـًـTheًـfamiliarًـfuelًـtankًـwithًـdividedًـchambersًـisًـstillًـinًـuse.ًـًـTheًـfamiliar
configurationًـwhichًـfeaturesًـtheًـfuelًـpumpًـonًـtheًـrightًـ(passenger)ًـsideًـisًـalsoًـretained.ًـًـ

Fuel Supply System

Inًـorderًـtoًـcomplyًـwithًـtheًـregulationsًـregardingًـevaporativeًـ
emissions,ًـthereًـhaveًـbeenًـseveralًـchangesًـtoًـinternalًـfuelًـtankًـcomponentsًـasًـwellًـas
theًـfuelًـtankًـitself.
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Theًـfuelًـsupplyًـsystemًـhasًـalsoًـbeenًـmodifiedًـtoًـeliminateًـtheًـfuelًـpressureًـregulator.
Theًـfollowingًـtextًـsummarizesًـtheًـ
changesًـtoًـtheًـfuelًـsupplyًـsystem:

• theًـfuelًـsupplyًـsystemًـisًـnowًـ“pressureًـcontrolled”.

• theًـfuelًـpressureًـregulatorًـhasًـbeenًـreplacedًـbyًـtheًـ
“pressureًـlimitingًـvalve”ً(8)ـ.

• theًـpressureًـinًـtheًـfuelًـsupplyًـsystemًـisًـlimitedًـtoًـaًـmaximumًـofًـ5.8ًـbarًـby
theًـpressureًـlimitingًـvalveً(8)ـ.

• theًـEKPSًـwillًـcontrolًـtheًـfuelًـpumpًـinًـorderًـtoًـdeliverًـonlyًـtheًـamountًـofًـfuel
requiredًـbasedًـonًـinformationًـfromًـtheًـfuelًـpressureًـsensorًـ(lowًـpressure).

Due to the nature of the installation space in the vehicle, the fuel tank is divided into two
chambers. The fuel supply system has two delivery units that are accommodated in the
right and left fuel tank halves.

In the event of the surge chamber being completely empty, initial fill valve (1) enables
fuel to enter the surge chamber during the refueling process.

Fuel�supply�system�on�F01/F02�with�N63�engine

Index Explanation Index Explanation

1 Initialًـfillًـvalve 7 Anti-leakًـvalve

2 Intakeًـmeshًـfilter 8 Pressureًـlimitingًـvalve

3 Fuelًـpump 9 Feedًـline

4 Fuelًـfilter 10 Suctionًـjetًـpump

5 Non-returnًـvalve 11 Suctionًـjetًـpump

6 Suctionًـjetًـpump



N63 System Overview 
Fuel passes through suction strainer (2) and enters fuel pump (3) and is then pumped to
feed line (9) through fuel filter (4).  The fuel pump resides in the surge chamber.  
A pressure limiting valve (8) is integrated into the feed line in the fuel tank. 

For the first time for a gasoline engine, we are no longer using a pressure regulator.
Instead, operation of the electric fuel pump is pressure-regulated. In response to the 
signal from the low-pressure fuel sensor, the speed of the electric fuel pump is adjusted
to achieve the desired delivery pressure upstream of the high-pressure pump. 

A further line branches off downstream of the fuel pump into the left half of the fuel tank
and carries fuel from the left half into the surge chamber by way of a non-return valve (5)
and suction jet pump (6). 

Fuel�tank�on�F01�with�N63�engine
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The non-return valve (5) prevents fuel from flowing back from the right half to the left half
of the fuel tank while the engine is switched off. 

When you switch off the engine, the feed line is depressurized but cannot run dry
because, with the system being airtight, no air is able to enter the line. Anti-leak valve (7)
prevents the fuel tank from leaking in the event of damage to the lines on the engine or
underbody. 

A further line en route to the left half of the fuel tank branches off to another suction jet
pump (11), which sucks fuel out of the fuel trap and delivers it to the surge chamber. 

Another line exits the pump carrying fuel pumped from the fuel tank to the surge 
chamber by suction jet pump (10).

Index Explanation Index Explanation

A Fuel cap P Purge air line

B Pressure relief valve Q Fuel trap

C Non-return flap with pressure relief valve R Roll-over valve

D Surge chamber 1 Initial fill valve

E Fuel tank 2 Intake mesh filter

F Service cover 3 Electric fuel pump

G Lever-type sensor 4 Fuel filter

H
Service breather valve with over fueling protec-

tion
5 Non-return valve

I Filler breather valve 6 Suction jet pump

J
Service breather valve without over fueling pro-

tection
7 Anti-leak valve

K Maximum fill level 8 Pressure limiting valve

L Non-return valve 9 Feed line

M Carbon canister (AKF) 10 Suction jet pump

N Opening 11 Suction jet pump

O Fuel tank vent valve (TEV)
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Fuel�tank�overview�on�F01�with�N63�engine
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Index Explanation Index Explanation

A Fuel cap P Purge air line

B Pressure relief valve Q Fuel trap

C Non-return flap with pressure relief valve R Roll-over valve

D Surge chamber 1 Initial fill valve

E Fuel tank 2 Intake mesh filter

F Service cover 3 Electric fuel pump

G Lever-type sensor 4 Fuel filter

H
Service breather valve with over fueling protec-

tion
5 Non-return valve

I Filler breather valve 6 Suction jet pump

J
Service breather valve without over fueling pro-

tection
7 Anti-leak valve

K Maximum fill level 8 Pressure limiting valve

L Non-return valve 9 Feed line

M Carbon canister (AKF) 10 Suction jet pump

N Opening 11 Suction jet pump

O Fuel tank vent valve (TEV)
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Fuel Tank Breather System And Functions

Index Explanation Index Explanation

A Fuel cap J
Service breather valve without

over fueling protection

B Pressure relief valve K Maximum fill level

C Non-return flap with pressure relief valve L Non-return valve

D Surge chamber M Carbon canister (AKF)

E Fuel tank N Opening

F Service cover O Fuel tank vent valve (TEV)

G Lever-type sensor P Purge air line

H
Service breather valve with

over fueling protection
Q Fuel trap

I Filler breather valve R Roll-over valve

Fuel�tank�breather�system�on�F01/F02�with�petrol�engine�
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Fuel filler cap (A) has an integral pressure relief valve (B) to the protect fuel tank (E) from
excess pressure.  At the end of the fuel filler neck, there is a non-return flap with a pres-
sure relief valve (C).  The non-return flap prevents fuel from sloshing back into the fuel
filler neck.  The non-return flap is sealed closed by a spring.  In the event of a build-up of
pressure in the fuel tank, the pressure relief valve in the non-return flap ensures that the
excess pressure can escape through the fuel filler pipe and out of the fuel filler cap
through the pressure relief valve. 

The components in the fuel tank are accessible through the service cover (F).  The fuel
level is detected by the two lever-type sensors (G). 

The surge chamber (D) ensures that the fuel pump never pumps dry.  The surge 
chamber is permanently connected to the fuel tank and cannot be replaced separately. 

The F01/F02 has a whole range of breather valves in the fuel tank.  In principle, all of
these valves fulfil the breather function, both during vehicle operation and during 
refueling. 

Despite this, they are named to reflect their main purpose.  They are therefore divided
into filler valves and service breather valves.  The service breather valves have a smaller
opening, which means that, during refueling, they alone would not be able to let air
escape from the fuel tank fast enough. There are service breather valves with and with-
out over fueling protection. 

The service breather valves are arranged in such a way that air can still be released even
if the vehicle is parked up on one side. 

The filler breather valve is located at a high position.  If the fuel level rises to this height
during refueling, the valve closes.  Air can no longer escape from the fuel tank fast
enough, which causes fuel to rise up the filler pipe and switch off the fuel nozzle. 

To enable the release of air to continue, there is a service breather valve located at the
highest point.  However, the presence of the valve in this location means that the fuel
tank could be overfilled in the event of persistent refueling.  Consequently, fuel would
enter the activated charcoal filter and ultimately flow back out of the opening.  To pre-
vent this, the highest service breather valve is equipped with over fueling protection like
the one on the left-hand side of the vehicle (as a safeguard if the vehicle were parked up
on one side). 

Fuel that is carried along with the release of air is collected in a fuel trap and pumped
back into the surge chamber.
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Non-return Flap

The non-return flap forms a tight seal.  A force of approximately 0.15 N is required to
open the non-return flap. This force is slightly exceeded during any type of refueling. 

The non-return flap on the F01 is equipped with a pressure relief valve.  The purpose of
this pressure relief valve is to prevent excessive pressures from building up in the fuel
tank.  If the pressure in the fuel tank rises to over 150 mbar, the pressure relief valve
opens and the pressure is able to escape through the fuel filler pipe and the breather
line/pressure relief valve in the fuel cap. 

The pressure relief valve in the non-return flap on the F01 is a new concept because the
breather line is not protected by the body along its entire length.  In the event of an acci-
dent, therefore, the breather line could be squeezed closed. 

Filler Breather Valve
The filler breather valve has several functions. As the name suggests, the valve fulfils the
filler-neck breather function.  In addition, however, it also performs the service breather
function It also has a rollover function. 

The filler breather valve is notable for its large opening, which allows air to escape rapidly
from the tank during refueling. If, during refueling, the float of the filler breather valve
ascends with the rising fuel level and thereby closes the breather hole, fuel will rise up
the fuel filler pipe and switch off the fuel nozzle. 

During vehicle operation, the pressure in the fuel system can rise as a result of the
increase in temperature. This pressure is allowed to escape through the filler and service
breather valve and the fuel trap. Fuel that is carried along in the process is collected in
the fuel trap and sucked back while the fuel pump is in operation.

Index Explanation

A Pressure relief valve open

B Pressure relief valve closed

1 Pressure relief valve

2 Non-return flap

3 Fuel filler pipe
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Pressure Limiting Valve

Theًـpressureًـlimitingًـvalveًـisًـconnectedًـtoًـgroundًـbyًـtheًـplug-inًـcontactsًـonًـtheًـser-
viceًـcover.ًـًـThisًـpreventsًـelectrostaticًـchargeًـonًـtheًـvalve.

Theًـpressureًـlimitingًـvalveًـkeepsًـfuelًـpressuresًـinًـtheًـfeedًـsectionًـlowerًـthanًـapproxi-
matelyًـ5.8ًـbarًـinًـtheًـN63ًـengines

Thisًـpreventsًـexcessًـpressuresًـfromًـbuildingًـupًـinًـtheًـfeedًـline.ًـExcessًـpressures
wouldًـotherwiseًـoccurًـifًـtheًـfuelًـfilterًـwereًـtoًـbecomeًـblocked,ًـwhichًـwouldًـplace
theًـfeedًـsectionًـofًـtheًـfuelًـsystemًـunderًـunnecessarilyًـheavyًـloads.

Index Explanation Index Explanation

1
Connectionًـfrom
electricًـfuelًـpump

4 Housing

2 Anti-leakًـvalve 5 Pressureًـlimitingًـvalve

3 Connectionًـtoًـfuelًـfilter

Location of pressure limiting valve
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Fuel Tank Breather System
Theًـincreasedًـdemandsًـonًـtheًـevaporativeًـemissionًـsystemsًـrequireًـcontinuousًـdevel-
opmentًـandًـimprovements.ًـًـTheًـF01/F02ًـisًـnoًـdifferent.ًـًـOneًـofًـtheًـfirstًـthingsًـto
noticeًـonًـtheًـfuelًـtankًـisًـthatًـthereًـisًـonlyًـoneًـserviceًـport.ًـًـAlso,ًـtheًـtankًـisًـmade
fromًـtwoًـpiecesًـandًـjoinedًـbyًـaًـplasticًـ“welding”ًـprocess.

Theًـonlyًـitemsًـwhichًـareًـserviceableًـatًـthisًـtimeًـareًـtheًـfuelًـpump,ًـfuelًـfilterًـandًـpres-
sureًـlimitingًـvalve.ًـًـThereًـareًـseveralًـbreatherًـvalvesًـinstalledًـtoًـhelpًـtheًـfuelًـtank
“breathe”ًـduringًـ
refuelingًـandًـduringًـoperation.ًـًـ

Theseًـvalvesًـareًـthereforeًـdividedًـintoًـfillerًـvalvesًـandًـserviceًـbreatherًـvalves.
Theًـserviceًـbreatherًـvalvesًـhaveًـaًـsmallerًـopening,ًـwhichًـmeansًـthat,ًـduringًـrefueling,
theyًـaloneًـwouldًـnotًـbeًـableًـtoًـletًـairًـescapeًـfromًـtheًـfuelًـtankًـfastًـenough.

Thereًـareًـserviceًـbreatherًـvalvesًـwithًـandًـwithoutًـoverًـfuelingًـprotection.ًـًـTheًـservice
breatherًـvalvesًـareًـarrangedًـinًـsuchًـaًـwayًـthatًـairًـcanًـstillًـbeًـreleasedًـevenًـifًـtheًـvehi-
cleًـisًـparkedًـupًـonًـoneًـside.

Theًـfillerًـbreatherًـvalveًـisًـlocatedًـatًـaًـhighًـposition.ًـًـIfًـtheًـfuelًـlevelًـrisesًـtoًـthisًـheight
duringًـrefueling,ًـtheًـvalveًـcloses.ًـًـAirًـcanًـnoًـlongerًـescapeًـfromًـtheًـfuelًـtankًـfast
enough,ًـwhichًـcausesًـfuelًـtoًـriseًـupًـtheًـfillerًـpipeًـandًـswitchًـoffًـtheًـfuelًـnozzle.

Toًـenableًـtheًـreleaseًـofًـairًـtoًـcontinue,ًـthereًـisًـaًـserviceًـbreatherًـvalveًـlocatedًـatًـthe
highestًـpoint.ًـًـHowever,ًـtheًـpresenceًـofًـtheًـvalveًـinًـthisًـlocationًـmeansًـthatًـtheًـfuel
tankًـcouldًـbeًـoverfilledًـinًـtheًـeventًـofًـpersistentًـrefueling.ًـ

Consequently,ًـfuelًـwouldًـenterًـtheًـactivatedًـcharcoalًـfilterًـandًـultimatelyًـflowًـbackًـout
ofًـtheًـopening.ًـًـToًـpreventًـthis,ًـtheًـhighestًـserviceًـbreatherًـvalveًـisًـequippedًـwithًـover
fuelingًـprotectionًـlikeًـtheًـoneًـonًـtheًـleft-handًـsideًـofًـtheًـvehicleًـ(asًـaًـsafeguardًـifًـthe
vehicleًـwereًـparkedًـupًـonًـoneًـside).ًـFuelًـthatًـisًـcarriedًـalongًـwithًـtheًـreleaseًـofًـairًـis
collectedًـinًـaًـfuelًـtrapًـandًـpumpedًـbackًـintoًـtheًـsurgeًـchamber.



Theًـtermًـ“DirectًـInjection”ًـrefersًـtoًـaًـfuelًـinjectionًـsystemًـwhichًـinjectsًـfuelًـdirectly
intoًـtheًـcombustionًـchamberًـratherًـthanًـintoًـtheًـintakeًـmanifold.ًـًـThisًـtechnologyًـhas
beenًـaroundًـsinceًـtheً1930ـ’s,ًـbutًـhasًـnotًـbeenًـinًـwidespreadًـuseًـuntilًـtheًـlateً20ـth
century.ًـ

TheًـearlyًـdevelopmentًـofًـthisًـtypeًـofًـinjectionًـsystemًـtookًـplaceًـinًـGermanyًـinً1937ـ
onًـanًـaircraftًـengine.ًـًـTheًـfirstًـpassengerًـcarًـtoًـrunًـonًـdirectًـengineًـwasًـaًـcarًـcalled
theًـ“Gutbrod”ًـinًـtheًـearlyً1950ـ’s.

Dueًـtoًـtheًـcomplexityًـandًـcostًـofًـtheًـdirectًـinjectionًـsystem,ًـtheًـtechnologyًـdidًـnot
takeًـhold.ًـًـLater,ًـtheًـdevelopmentًـofًـmoreًـcostًـefficientًـcomponentsًـandًـtheًـneedًـfor
aًـmoreًـefficientًـinternalًـcombustionًـengine,ًـtheًـDIًـengineًـmadeًـaًـcomebackًـinًـtheًـlate
1990’s.

TheًـfirstًـapplicationًـofًـthisًـtechnologyًـonًـaًـBMWًـwasًـinًـ2003ًـonًـtheً760ـLiًـ(N73
Engine).ًـًـTheًـN73ًـV-12ًـengineًـutilizedًـdirectًـinjectionًـwithًـtheًـcombinationًـofًـVAL-
VETRONICًـandًـtheًـlatestًـdirectًـinjectionًـtechnology.

Forًـtheًـ2007ًـmodelًـyear,ًـBMWًـintroducedًـaًـnewً6ـ-cylinderًـengineًـwithًـdirectًـfuel
injection.ًـًـTheًـN54,ًـwhichًـisًـturbocharged,ًـusesًـtheًـsecondًـgenerationًـofًـdirectًـinjec-
tionًـ(DIً2ـ),ًـwhichًـisًـreferredًـtoًـasًـHighًـPrecisionًـInjectionًـ(HPI).

SinceًـthenًـBMWًـintroducedًـtheًـN55,ًـN63,ًـS63ًـandًـN74,ًـallًـofًـwhichًـincorporate
DirectًـInjectionًـSystemsًـwithًـeitherًـPiezoًـInjectorsًـ(HPI;ًـN54,ًـN63,ًـS63,ًـN74)ًـor
SolenoidًـtypeًـInjectorsًـ(HDEV;ًـN55).
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Direct Injection

N73 Engine
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Direct Injection Principles

Asًـtheًـnameًـsuggest,ًـtheًـdirectًـinjectionًـ(DI)ًـsystemًـuseًـaًـfuelًـinjectorًـwhichًـsprays
fuelًـdirectlyًـintoًـtheًـcombustionًـchamber.ًـًـTheًـfuelًـinjectionًـpressureًـ(N73).ًـًـTheًـA/F
mixtureًـinًـaًـDIًـengineًـisًـformedًـinsideًـofًـtheًـcombustionًـchamber.

Inًـcomparison,ًـaًـmanifoldًـinjectionًـsystemًـspraysًـfuelًـintoًـtheًـintakeًـmanifoldًـorًـintoًـthe
intakeًـportًـnearًـtheًـintakeًـvalve.ًـًـInًـthisًـcase,ًـtheًـA/Fًـmixtureًـisًـformedًـoutsideًـofًـthe
combustionًـchamber.ًـًـTheًـinjectionًـpressureًـonًـmostًـmanifoldًـinjectionًـsystemsًـis
betweenًـ3ًـandًـ5ًـbar.ًـًـ

TheًـDIًـsystemًـallowsًـforًـincreasedًـengineًـefficiencyًـandًـhasًـseveralًـdistinctًـadvantages
overًـmanifoldًـinjectionًـsystems:

• Theًـfuelًـisًـevaporatedًـandًـatomizedًـinًـtheًـcombustionًـchamber,ًـwhichًـprovidesًـa
“coolingًـeffect”ًـonًـcombustion.ًـًـAًـcoolerًـcombustionًـchamberًـallowsًـanًـincrease
inًـairًـdensity,ًـwhichًـallowsًـforًـmoreًـavailableًـoxygen.ًـًـInًـaddition,ًـcoolerًـcombus-
tionًـallowsًـforًـanًـincreaseًـinًـcompressionًـratioًـwhichًـequatesًـtoًـimprovedًـefficien-
cyًـandًـengineًـpower.ًـًـ

• Byًـinjectingًـtheًـfuelًـdirectlyًـintoًـtheًـcombustionًـchamber,ًـthereًـisًـlessًـpossibility
forًـfuelًـtoًـcondenseًـorًـaccumulateًـonًـtheًـmanifoldًـwallsًـorًـtheًـbackًـofًـtheًـintake
valve.ًـًـThisًـresultsًـinًـlessًـfuelًـneededًـtoًـachieveًـtheًـdesiredًـA/Fًـratio.

• Theًـincreasedًـinjectionًـpressureًـcausesًـtheًـfuelًـdropletًـsizeًـtoًـbeًـreduced.ًـًـThis
allowsًـforًـimprovedًـatomizationًـandًـthereforeًـimprovedًـmixtureًـformation.ًـًـ

N54N52



Mixture Formation
Inًـaًـconventionalًـ(manifoldًـinjection)ًـengine,ًـtheًـairًـfuelًـmixtureًـisًـformedًـoutsideًـofًـthe
combustionًـchamber.ًـًـInًـcontrast,ًـtheًـmixtureًـmustًـbeًـformedًـinsideًـtheًـcombustion
chamberًـinًـaًـDIًـengine.ًـًـًـًـًـ

A DI fuel system has two basic operating concepts: 

Homogeneous Mixture Formation

AًـhomogeneousًـmixtureًـmeansًـthatًـtheًـA/Fًـratioًـisًـstoichiometricallyًـcontrolledًـmuchًـin
theًـsameًـwayًـasًـaًـmanifoldًـinjectionًـsystem.ًـًـThisًـmeansًـthatًـtheًـA/Fًـmixtureًـisًـevenly
spreadًـthroughoutًـtheًـcombustionًـchamber.ًـًـOneًـofًـtheًـprimaryًـadvantagesًـofًـthis
arrangementًـisًـthatًـaًـconventionalًـthree-wayًـcatalyticًـconverterًـcanًـbeًـused.ًـًـAlso,ًـthe
sulfurًـcontentًـofًـtheًـfuelًـisًـnotًـaًـfactorًـwhichًـallowsًـtheًـengineًـtoًـbeًـusedًـinًـallًـglobal
markets.ًـًـ

Currently, BMW only uses engines which operate in this mode.
The N52, N54, N55, N63 and N74, all operate mostly at Lambda = 1.

Stratified Mixture Formation

Inًـtheًـstratifiedًـinjectionًـmethod,ًـaًـhomogeneousًـmixtureًـisًـonlyًـcreatedًـaroundًـthe
areaًـofًـtheًـsparkًـplug.ًـًـAًـleanًـ(inhomogeneous)ًـmixtureًـexistsًـinًـtheًـrestًـonًـtheًـcom-
bustionًـchamber.ًـًـThereforeًـtheًـoverallًـA/Fًـmixtureًـinًـtheًـcombustionًـchamberًـisًـlean
(Lambdaً1ـً<ـ).ًـًـThisًـresultsًـinًـincreasedًـcombustionًـchamberًـtemperature,ًـandًـsubse-
quentlyًـincreasedًـNOxًـemissions.ًـًـTheًـincreasedًـNOxًـrequiresًـtheًـuseًـofًـaًـDeNOxًـcat-
alystًـwhichًـisًـnotًـeffectiveًـwhenًـsulfurًـisًـpresentًـinًـtheًـfuel.ًـًـTherefore,ًـsulfurًـfreeًـfuel
mustًـbeًـusedًـwhichًـisًـnotًـreadilyًـavailableًـinًـallًـmarkets.ًـًـ

Forًـtheًـtimeًـbeing,ًـBMWًـdoesًـnotًـhaveًـanyًـenginesًـwhichًـoperateًـasًـ“stratified
charge”ًـengines.
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Index Explanation

1 Manifold injection

2 Homogeneous direct injection

3 Stratified direct injection



Asًـtheًـaboveًـchartًـshows,ًـtheًـuseًـofًـloadًـstratificationًـً(1)ـisًـonlyًـpossibleًـinًـaًـlimited
loadًـandًـspeedًـrange.ًـOverًـandًـaboveًـthisًـloadًـandًـspeedًـrange,ًـtheًـenginesًـcanًـonly
beًـoperatedًـinًـhomogeneousًـmodeً(3-2)ـ.

ThroughًـtheًـdeploymentًـofًـVALVETRONIC,ًـtheًـN73ًـengineًـinًـtheًـmiddleًـtorque/speed
rangeًـً(1)ـdemonstratesًـtheًـsameًـconsumptionًـadvantagesًـasًـenginesًـofًـotherًـmanu-
facturersًـwithًـchargeًـstratification.

Becauseًـlarge-capacityًـenginesًـareًـmainlyًـoperatedًـinًـtheًـlowerًـtoًـmiddleًـloadًـand
speedًـrange,ًـitًـisًـonlyًـadvisableًـtoًـuseًـloadًـstratificationًـinًـtheseًـengines.

Smaller-sizedًـenginesًـareًـmainlyًـoperatedًـinًـtheًـhighًـloadًـandًـspeedًـrangeًـandًـthusًـin
homogeneousًـmode.

In the US market, BMW only uses engines that operate in
“Homogeneous Mixture Formation”.
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Index Explanation

1 Lean,ًـchargeًـstratification

2 Lean,ًـhomogeneous

3 Homogeneous

Nd Engineًـtorque

n Engineًـspeed
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High Precision Injection (HPI)

BMWًـHighًـPrecisionًـInjectionًـ(HPI)ًـisًـtheًـlatestًـdevelopmentًـofًـBMWًـdirectًـfuelًـinjec-
tion.ًـًـThisًـisًـtheًـsecondًـgenerationًـofًـdirectًـinjectionًـ(DIً2ـ)ًـforًـBMW.ًـًـTheًـfirstًـgenera-
tionًـwasًـonًـtheًـN73ًـengineًـinًـًـً.2003ـ

Theًـtermًـ“HighًـPrecision”ًـrefersًـtoًـtheًـpreciseًـmeteringًـandًـdirectionalًـcontrolًـofًـthe
atomizedًـfuel.ًـًـAlso,ًـtheًـinjectionًـprocessًـnowًـallowsًـforًـmultipleًـinjectionًـeventsًـdueًـto
theًـuseًـofًـpiezoًـinjectors.ًـًـTheًـHPIًـsystemًـrepresentsًـaًـkeyًـfunctionًـinًـtheًـconceptًـfor
theًـmostًـeconomicalًـuseًـofًـfuelًـwithoutًـcompromisingًـperformance.ًـًـ

HighًـPrecisionًـInjectionًـallowsًـforًـaًـmoreًـpreciseًـmeteringًـofًـtheًـfuelًـinjectionًـprocess
andًـthereforeًـpermitsًـhigherًـcompressionًـratiosًـe.g.ًـ10.2ًـtoًـ1ًـinًـtheًـN54ًـandًـN55ًـ(see
table).ًـًـOneًـofًـtheًـkeyًـreasonsًـthatًـmakesًـthisًـpossibleًـisًـtheًـuseًـofًـtheًـsoًـcalledًـ“spray
guided”ًـinjectionًـwhichًـcoolsًـtheًـairًـchargeًـandًـdecreasesًـtheًـpossibilityًـofًـunwanted
engineًـknock.ًـًـ

TheًـoperatingًـpressureًـofًـtheًـHPIًـsystemًـvariesًـfromًـ200ً-50ـbar.

The N52KP and N51 engines continue to use the
conventional “manifold injection” system from
the N52.  

Engine
Compression

Ratio [ε]

N521 10.7

N542 10.2

N552 10.2

N621 10.5

N632 10.0

N731 11.5

N742 10.0

EngineـNAًـً=ـ1ً

EngineـTurbochargedًـً=ـ2ً
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High-precisionًـinjectionًـrepresentsًـtheًـkeyًـfunctionًـinًـtheًـconceptًـforًـasًـeconomicًـa
useًـofًـfuelًـasًـpossible.ًـًـTheًـnewًـgenerationًـofًـpetrolًـdirectًـinjectionًـsatisfiesًـtheًـ
expectationsًـplacedًـonًـitًـwithًـregardًـtoًـeconomicًـefficiencyًـwithoutًـcompromisingًـon
theًـengine'sًـdynamicًـqualities.ًـ

High-precisionًـinjectionًـprovidesًـforًـaًـmoreًـpreciseًـmeteringًـofًـmixtureًـandًـhigherًـ
compressionًـً-ـidealًـpreconditionsًـforًـincreasingًـefficiencyًـandًـsignificantlyًـreducingًـ
consumption.

Thisًـisًـmadeًـpossibleًـbyًـlocatingًـtheًـpiezoًـinjectorًـ(orًـsolenoidًـtypeًـinًـtheًـN55)ًـcentral-
lyًـbetweenًـtheًـvalves.ًـInًـthisًـposition,ًـtheًـnewًـinjector,ًـwhichًـopensًـinًـanًـoutwardًـdirec-
tionًـ(inwardًـinًـtheًـN55),ًـdistributesًـaًـparticularlyًـuniformًـamountًـofًـtaperedًـshapedًـfuel
intoًـtheًـcombustionًـchamber.

BMWًـHPIًـsparkًـignitionًـenginesًـoperateًـaccordingًـtoًـtheًـspray-directedًـprocess.

N54 - High Precision Injection 
UsingًـtheًـN54ًـengineًـasًـanًـexample,ًـtheًـfuelًـisًـdeliveredًـfromًـtheًـfuelًـtankًـbyًـtheًـelec-
tricًـfuelًـpumpًـviaًـtheًـfeedًـlineًـً(5)ـatًـaًـ“feed”ًـpressureًـofًـ5ًـbarًـtoًـtheًـhighًـpressure
pump.ًـًـTheًـfeedًـpressureًـisًـmonitoredًـbyًـtheًـlow-pressureًـsensorًـًـً.(6)ـTheًـfuelًـisًـdeliv-
eredًـbyًـtheًـelectricًـfuelًـpumpًـinًـlineًـwithًـdemand.

Theًـhighًـpressureًـpumpًـisًـdrivenًـ“in-tandem”ًـwithًـtheًـvacuumًـpumpًـwhichًـisًـdrivenًـby
theًـoilًـpumpًـchainًـdriveًـassembly.

Theًـfuelًـisًـcompressedًـinًـtheًـpermanentlyًـdrivenًـthree-plungerًـhigh-pressureًـpumpً(8)ـ
andًـdeliveryًـthroughًـtheًـhigh-pressureًـlineًـً(9)ـtoًـtheًـrailًـًـً.(3)ـTheًـfuelًـaccumulated
underًـpressureًـinًـtheًـrailًـinًـthisًـwayًـisًـdistributedًـviaًـtheًـhigh-pressureًـlinesًـً(1)ـtoًـthe
piezoًـinjectorsً(2)ـ.

If the low fuel pressure sensor fails, the electric fuel pump continues
to run at 100% delivery with terminal KL_15 ON.
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Theًـrequiredًـfuelًـdeliveryًـpressureًـisًـdeterminedًـbyًـtheًـengine-managementًـsystemًـas
aًـfunctionًـofًـengineًـloadًـandًـengineًـspeedًـamongًـotherًـvariables.ًـًـTheًـreachedًـpres-
sureًـlevelًـisًـrecordedًـbyًـtheًـhigh-pressureًـsensorًـً(4)ـandًـcommunicatedًـtoًـtheًـEngine
ControlًـUnit.

Controlًـisًـeffectedًـbyًـtheًـfuel-supplyًـcontrolًـvalveًـً(7)ـbyًـwayًـofًـaًـsetpoint/actual-value
adjustmentًـofًـtheًـrailًـpressure.ًـًـConfigurationًـofًـtheًـpressureًـisًـgearedًـtowardsًـbest
possibleًـconsumptionًـandًـsmoothًـrunningًـofًـtheًـengine.

N54 HPI System

200 bar is required only at high load and low engine speed.

Index Explanation Index Explanation

1 High-pressureًـlineًـtoًـinjectorً(6)ـ 6 Low-pressureًـsensor

2 Piezoًـinjector 7 Fuelًـsupplyًـcontrolًـvalve

3 Fuelًـrail 8 Threeًـplungerًـhighًـpressureًـpump

4 Highًـpressureًـsensor 9 Highًـpressureًـlineًـ(pumpًـtoًـrail)

5 Feedًـlineًـfromًـin-tankًـpump
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N63 - High Precision Injection
TheًـoperationًـonًـtheًـN63ًـengineًـisًـsimilarًـtoًـthatًـofًـtheًـN54.

N63 HPI System

If the low fuel pressure sensor fails, the electric fuel pump continues
to run at 100% delivery with terminal KL_15 ON.

200 bar is required only at high load and low engine speed.

Index Explanation Index Explanation

1 Highًـpressureًـpumpًـ(ـ2ًx) 6 Lowًـpressureًـsensor

2 Volumeًـcontrolًـvalve 7 Highًـpressureًـfuelًـline

3 Piezo-injector 8 Fuelًـrail

4 Low-pressureًـfeedًـfromًـfuelًـpump 9 Highًـpressureًـfuelًـlineًـ(pumpًـtoًـrail)

5 Lowًـpressureًـfeedًـline 10 Railًـpressureًـsensorًـ(ـ2ًx)
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N74 - High Precision Injection
TheًـN74ًـengineًـisًـalsoًـequippedًـwithًـHPI.ًـThisًـsecondًـgenerationًـdirectًـfuelًـinjection
operatesًـinًـhomogeneousًـoperationًـatًـallًـtimesًـandًـhasًـtheًـsameًـstructureًـasًـonًـthe
N63ًـengine.

N74 HPI System

If the low fuel pressure sensor fails, the electric fuel pump continues
to run at 100% delivery with terminal KL_15 ON.

200 bar is required only at high load and low engine speed.

Index Explanation Index Explanation

1 Quantity control valve 6 High pressure line (rail - injector)

2 High pressure pump 7 Fuel feed from the electric fuel pump

3 High pressure line (pump - rail) 8 Fuel pressure sensor

4 Rail pressure sensor 9 Feed line

5 Rail 10 Piezo injector
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High Pressure Fuel Injection (HDE)

N55 - HDE
Theًـhighًـpressureًـfuelًـinjectionًـsystemًـ(HDE)ًـisًـusedًـonًـtheًـN55ًـengine.ًـIn contrast
to high precision injection (HPI), HDE uses solenoid fuel injectors with multi-
hole nozzles.

Theًـfollowingًـoverviewًـshowsًـtheًـcompleteًـfuelًـinjectionًـsystem.ًـTheًـsystemًـisًـsimilar
toًـtheًـN54ًـfuelًـinjection.ًـAlthoughًـtheًـsameًـhighًـpressureًـpump,ًـpressureًـsensor,ًـand
fuelًـrailًـareًـused,ًـtheًـhighًـpressureًـfuelًـinjectionًـvalvesًـareًـnew.ًـًـTheًـHDEًـsystemًـuses
BoschًـhighًـpressureًـsolenoidًـtypeًـfuelًـinjectionًـvalvesًـwithًـtheًـdesignationًـHDEV5.2.

Index Explanation

1 High pressure line

2 Rail

3 High pressure line

4 Fuel rail pressure sensor

5 Solenoid valve fuel injector

N55 HDE System
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High Fuel Pressure Pump

The fuel is supplied at a primary pressure of 5 bar by the electric fuel pump from the
fuel tank via the supply line to the high pressure pump. The primary pressure is moni-
tored by the fuel pressure sensor (5).  The fuel is delivered by the electric fuel pump cor-
responding to engine requirements. The same fuel pressure sensor is used in the
N54, N55, N63 and N74.

N55�High�Fuel�Pressure�Pump

Index Explanation Index Explanation

1 Non-return valve for brake booster 6 Fuel supply line

2 Non-return valve for auxiliary consumers 7 Oil pressure sensor

3 Knock sensor 8 Quantity control valve

4 Connection, high pressure line to fuel rail 9 High pressure pump

5 Fuel pressure sensor 10 Vacuum pump
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Theًـfuelًـisًـpressurizedًـinًـtheًـpermanentlyًـdrivenًـthree-pistonًـhighًـpressureًـpumpًـand
deliveredًـtoًـtheًـfuelًـrailًـviaًـtheًـhighًـpressureًـline.ًـTheًـfuelًـstoredًـunderًـpressureًـinًـthe
fuelًـrailًـisًـdistributedًـviaًـtheًـhighًـpressureًـlinesًـtoًـtheًـhighًـpressureًـfuelًـinjectionًـvalves.
Theًـrequiredًـfuelًـpressureًـisًـdeterminedًـbyًـtheًـengineًـmanagementًـasًـaًـfunctionًـofًـthe
engineًـloadًـandًـengineًـspeed.ًـTheًـpressureًـlevelًـisًـregisteredًـbyًـtheًـrailًـpressureًـ
sensorًـandًـsentًـtoًـtheًـengineًـcontrolًـunit.ًـTheًـfuelًـisًـregulatedًـbyًـtheًـquantityًـcontrol
valveًـbasedًـonًـaًـtarget/actualًـvalueًـcomparisonًـofًـtheًـrailًـpressure.ًـTheًـpressureًـlevelًـis
configuredًـsuchًـtoًـachieveًـtheًـsmoothestًـrunningًـpropertiesًـwithًـtheًـbestًـpossibleًـfuel
consumption.ًـ

High�Fuel�Pressure�diagram

As you can see on the diagram, a pressure of 200 bar is only required
at high load and low engine speed. 

The high pressure pump is of the same design in the N54 and N55
engines.

Index Explanation

m Engine Load

n Engine Speed

p Pressure
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High Pressure Pump Function and Design

N54/N55

InًـtheًـN54/N55ًـtheًـfuelًـisًـdeliveredًـviaًـtheًـsupplyًـpassageًـً(6)ـatًـtheًـadmissionًـpressure
generatedًـbyًـtheًـelectricًـfuelًـpumpًـtoًـtheًـhigh-pressureًـpump.ًـًـFromًـthere,ًـtheًـfuelًـis
directedًـviaًـtheًـfuelًـsupplyًـcontrolًـvalveًـً(4)ـandًـtheًـlow-pressureًـnon-returnًـvalveً(2)ـ
intoًـtheًـfuelًـchamberًـً(14)ـofًـtheًـplunger-and-barrelًـassembly.ًـًـTheًـfuelًـisًـplacedًـunder
pressureًـinًـthisًـplunger-and-barrelًـassemblyًـandًـdeliveredًـviaًـtheًـhighًـpressureًـnon-
returnًـvalveًـً(9)ـtoًـtheًـhighًـpressureًـportًـً.(7)ـ

Index Explanation Index Explanation

1 Thermalًـcompensator 8 Supplyًـpassage,ًـpressureًـlimitingًـvalve

2 Lowًـpressureًـnon-returnًـvalveًـ(checkًـvalve) 9 Highًـpressureًـnon-returnًـvalveًـ(xً3ـ)

3 Connectionًـtoًـengineًـmanagement 10 Pendulumًـdisc

4 Fuelًـsupplyًـcontrolًـvalve 11 Driveًـflange,ًـhighًـpressureًـpump

5 Return,ًـpressureًـlimitingًـvalve 12 Plungerًـ(ًـxً3ـ)

6 Supplyًـfromًـelectricًـfuelًـpumpًـ(in-tank) 13 Oilًـfilling,ًـhighًـpressureًـpump

7 Highًـpressureًـportًـtoًـfuelًـrail 14 Fuelًـchamberًـ(ًـxً3ـ)

N54/N55 High Pressure Fuel Pump
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Theًـhigh-pressureًـpumpًـisًـconnectedًـwithًـtheًـvacuumًـpumpًـviaًـtheًـdriveًـflangeً(11)ـ
andًـisًـthusًـalsoًـdrivenًـbyًـtheًـchainًـdrive,ًـi.e.ًـasًـsoonًـasًـtheًـengineًـisًـrunning,ًـtheًـthree
plungersًـً(12)ـareًـpermanentlyًـsetًـintoًـup-and-downًـmotionًـviaًـtheًـpendulumًـdiscًـً.(10)ـ

Fuelًـthereforeًـcontinuesًـtoًـbeًـpressurizedًـforًـasًـlongًـasًـnewًـfuelًـisًـsuppliedًـtoًـtheًـ
high-pressureًـpumpًـviaًـtheًـfuel-supplyًـcontrolًـvalveًـًـً.(4)ـTheًـfuel-supplyًـcontrolًـvalveًـis
activatedًـbyًـmeansًـofًـtheًـengineًـmanagementًـconnectionًـً(3)ـandًـtherebyًـadmitsًـthe
quantityًـofًـfuelًـrequired.ًـ

Pressureًـcontrolًـisًـeffectedًـviaًـtheًـfuel-supplyًـcontrolًـvalveًـbyًـopeningًـandًـclosingًـof
theًـfuelًـsupplyًـchannel.ًـًـThe maximum pressure in the high-pressure area is lim-
ited to 245 bar.ًـًـIfًـexcessiveًـpressureًـisًـencountered,ًـtheًـhigh-pressureًـcircuitًـis
relievedًـbyًـaًـ
pressure-limitingًـvalveًـviaًـtheًـportsًـ(ـ8ًandً5ـ)ًـleadingًـtoًـtheًـlow-pressureًـarea.ًـ

Thisًـisًـpossibleًـwithoutًـanyًـproblemsًـbecauseًـofًـtheًـincompressibilityًـofًـtheًـfuel,ًـi.e.ًـthe
fuelًـdoesًـnotًـchangeًـinًـvolumeًـinًـresponseًـtoًـaًـchangeًـinًـpressure.ًـًـTheًـpressureًـpeak
createdًـisًـcompensatedًـforًـbyًـtheًـliquidًـvolumeًـinًـtheًـlow-pressureًـarea.

Volumeًـchangesًـcausedًـbyًـtemperatureًـchangesًـareًـcompensatedًـforًـbyًـtheًـthermal
compensatorًـً,(1)ـwhichًـisًـconnectedًـwithًـtheًـpumpًـoilًـfilling.ًـًـ

N63/N74

Theًـfuelًـisًـdeliveredًـviaًـtheًـsupplyًـpassageًـatًـtheًـadmissionًـpressureًـgeneratedًـbyًـthe
electricًـfuelًـpumpًـtoًـtheًـhighًـpressureًـpump.

Fromًـthere,ًـtheًـfuelًـisًـdirectedًـviaًـtheًـvolumeًـcontrolًـvalveًـandًـtheًـlowًـpressureًـnon-
returnًـvalveًـintoًـtheًـfuelًـchamberًـofًـtheًـplungerًـand-barrelًـassembly.

TheًـhighًـpressureًـpumpًـonًـtheًـN74ًـisًـinًـprinciple,ًـtheًـsameًـasًـtheًـoneًـusedًـonًـthe
N63ًـengine.ًـTheًـonlyًـdifferenceًـisًـthatًـtheًـfuelًـlinesًـareًـpositionedًـatًـaًـdifferentًـangle.

N63



The fuel is delivered to the high-pressure pump via the inlet with delivery pressure gen-
erated by the electric fuel pump.  The fuel is then fed via the volume control valve and
into the compression chamber of the pump element.  In this pump element, the fuel is
placed pressurized by a plunger and supplied via the high-pressure non-return valve to
the high-pressure connection. 

The high-pressure pump is bolted onto the cylinder head and is driven by the camshaft
by a triple cam. This means that, as soon as the engine is running, the triple cam contin-
uously moves the plunger.  Fuel is pressurized until new fuel is delivered via the volume
control valve into the high-pressure pump. The volume control valve is activated by the
engine management system; it specifies the delivered volume of fuel. Pressure regula-
tion takes place via the volume control valve in that it is opened or closed by the pump
element towards the fuel feed. When the quantity control valve is opened, most of the
fuel drawn in by the piston is pressed back into the fuel feed.
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Index Explanation Index Explanation

A Lowًـpressureًـconnection 3 Pressureًـreliefًـvalve

B Highًـpressureًـconnection 4 Piston

1 Equalizationًـchamber 5 Volumeًـcontrolًـvalve

2 Highًـpressureًـnon-returnًـvalve 6
Electricalًـconnectionًـforًـthe

volumeًـcontrolًـvalve

N63/N74 High Pressure Fuel Pump



The maximum pressure in the high-pressure area is restricted to 245 bar. If the maxi-
mum high pressure is reached, the high-pressure circuit is relaxed to the low-pressure
area by a pressure limiting valve. In this case the pressure peak in the low pressure area
is compensated for by the fluid volume in the area and pressure damper in the compen-
sating chamber. The compensating chamber is integrated into the inlet towards the high
pressure pump. 

This set-up ensures that pressure peaks are lowered by connecting and disconnecting
the high and low-pressure areas. When the piston generates pressure, fuel flows
between the piston and its guide. This is deliberate, as it lubricates the pair of sliding ele-
ments. On downward movement of the pressure piston, a high pressure would arise at
its rear side. This would lead to danger if the fuel is pressed through the sealing of the
piston from the pump into the oil circuit of the engine. 

The connection to the compensating chamber means that there is never a higher pres-
sure behind the piston than in the fuel feed. This prevents pressure fluctuations from
being transferred into the low pressure fuel system, as the volume changes in front of
and behind the piston are balanced.

Pressure�Generation�in�High­pressure�Pump

The plunger (2) driven by the pendulum disc presses
oil (red) into the metal diaphragm (1) on its upward
travel.  The change in volume of the metal diaphragm
thereby reduces the available space in the fuel 
chamber.  The fuel thereby placed under pressure
(blue) is forced into the rail.

Depending on the activation signal, a restrictor cross-
section of varying size is opened and the fuel-mass
flow required for the respective load point is set.
There is also the possibility of reducing the pressure
in the rail.

The fuel supply control valve controls
the fuel pressure in the rail.  It is acti-
vated by the engine management sys-
tem via a pulsewidth modulated
(PWM) signal. 

40
FuelًـManagement

Index Explanation

Red Oil filling

Blue Fuel

1 Metal diaphragm

2 Plunger
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Hydraulic Circuit Diagram of Fuel System

Theًـvolumeًـcontrolًـvalveًـcontrolsًـtheًـfuelًـpressureًـinًـtheًـrail.ًـItًـisًـactivatedًـbyًـthe
engineًـmanagementًـsystemًـviaًـaًـpulse-width modulated (PWM)ًـsignal.ًـ

Dependingًـonًـtheًـactivationًـsignal,ًـaًـrestrictorًـcross-sectionًـofًـvaryingًـsizeًـisًـopened
andًـtheًـfuel-massًـflowًـrequiredًـforًـtheًـrespectiveًـloadًـpointًـisًـset.ًـ

Theًـpressureًـreliefًـvalveًـadditionallyًـprovidesًـtheًـoptionًـofًـreducingًـtheًـpressureًـinًـthe
fuelًـrailًـbyًـdirectingًـtheًـfuelًـoutًـofًـtheًـhighًـpressureًـsystemًـbackًـintoًـtheًـpumpًـele-
ment.

Index Explanation Index Explanation

1 Engine control module (MSD80) 6 High-pressure pump

2 Fuel rail 7 Fuel supply control valve

3 High pressure sensor 8 High pressure pump with non-return valves

4 Piezo injectors 9 Pressure liming valve with bypass

5 Electric fuel pump

N54/N55 Fuel System, Hydraulic Circuit Diagram
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Index Explanation Index Explanation

1 Electricًـfuelًـpump 7 Highًـpressureًـnon-returnًـvalve

2 Lowًـpressureًـsensor 8 Pressureًـreliefًـvalve

3 Engineًـcontrolًـmodule 9 Railًـ

4 Highًـpressureًـpump 10 Railًـpressureًـsensor

5 Volumeًـcontrolًـvalve 11 Piezo-injectors

6 Highًـpressureًـpumpًـelementًـ

N63 Fuel System, Hydraulic Circuit Diagram
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N74�Fuel�System,�Hydraulic�Circuit�Diagram

Index Explanation Index Explanation

1 Electricًـfuelًـpump 7 Highًـpressureًـnon-returnًـvalve

2 Fuelًـpressureًـsensor 8 Pressureًـlimitingًـvalve

3 Engineًـcontrolًـunit 9 Compensatingًـchamber

4 Highًـpressureًـpump 10 Rail

5 Quantityًـcontrolًـvalve 11 Railًـpressureًـsensor

6
Highًـpressureًـpumpًـ
elementًـ(piston)

12 Piezoًـinjectors



Fuel Injectors/Fuel Rail

Theًـtypeًـofًـfuelًـinjectorًـdependsًـonًـtheًـengineًـdesign.ًـBMWًـforًـtheًـmostًـpartًـutilizes
twoًـdifferentًـconfigurations:ًـ

;andـportًـintakeًـtheًـintoًـfuelًـsprayingًـheadًـcylinderًـtheًـintoًـmountedًـInjectorsًـًـً•

combustionـtheًـintoًـdirectlyًـfuelًـspayingًـheadًـcylinderًـtheًـintoًـmountedًـInjectorsًـًـً•
chamber,ًـalsoًـknownًـasًـDirect Injection.

Furthermore,ًـBMWًـusesًـtwoًـdifferentًـtypesًـofًـinjectors:

(systemsـpressureًـhighًـandًـlowًـinً)ـInjectorًـSolenoidًـًـً•

(systemsـpressureًـhighًـinًـusedًـonlyً)ـInjectorًـPiezoًـًـً•

Piezo Fuel Injectors (HPI)
Itًـisًـtheًـoutward-openingًـpiezo-injectorًـthatًـrendersًـpossibleًـspray-directedًـdirectًـ
injectionًـandًـthusًـtheًـoverallًـinnovationsًـofًـBMWًـenginesًـi.e.ًـN54,ًـN63ًـً&ـN74.ًـًـDueًـto
theًـfactًـthatًـonlyًـthisًـcomponentًـensuresًـthatًـtheًـinjectedًـfuelًـsprayًـconeًـremainsًـsta-
ble,ًـevenًـunderًـtheًـprevailingًـinfluencesًـofًـpressureًـandًـtemperatureًـinًـtheًـcombustion
chamber.ًـ

Thisًـpiezo-injectorًـpermitsًـinjectionًـpressuresًـofًـupًـtoًـ200ًـbarًـandًـextremelyًـquick
openingًـofًـtheًـnozzleًـneedle.ًـًـInًـthisًـway,ًـitًـisًـpossibleًـtoًـinjectًـfuelًـintoًـtheًـcombustion
chamberًـunderًـconditionsًـreleasedًـfromًـtheًـpowerًـcyclesًـlimitedًـbyًـtheًـvalveًـopening
times.

Theًـpiezo-injectorًـisًـintegratedًـtogetherًـwithًـtheًـsparkًـplugًـcentrallyًـbetweenًـtheًـinlet
andًـexhaustًـvalvesًـinًـtheًـcylinderًـhead.ًـًـThisًـinstallationًـpositionًـpreventsًـtheًـcylinder
wallsًـorًـtheًـpistonًـcrownًـfromًـbeingًـwettedًـwithًـinjectedًـfuel.ًـًـAًـuniformًـformationًـof
theًـhomogeneousًـair/fuelًـmixtureًـisًـobtainedًـwithًـtheًـaidًـofًـtheًـgasًـmovementًـinًـthe
combustionًـchamberًـandًـaًـstableًـfuelًـsprayًـcone.ًـ
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Piezo�Fuel�Injecto�(HPI)



Theًـgasًـmovementًـisًـinfluencedًـonًـtheًـoneًـhandًـbyًـtheًـgeometryًـofًـtheًـintakeًـ
passagesًـandًـonًـtheًـotherًـbyًـtheًـshapeًـofًـtheًـpistonًـcrown.ًـًـTheًـinjectedًـfuelًـisًـswirled
inًـtheًـcombustionًـchamberًـwithًـtheًـboostًـairًـuntilًـaًـhomogeneousًـmixtureًـisًـavailable
throughoutًـtheًـcompressionًـspaceًـatًـtheًـpointًـofًـignition.

When working on HPI/HDE Fuel Systems it is important to ensure that
the ignition coils are not fouled by fuel.  The resistance of the silicone
material is significantly reduced by heavy fuel contact.  This can
cause sparkover at the spark-plug head and with it misfires.

•  Before making modifications to the fuel system, remove the
ignition coils without fail and protect the spark-plug slot
against the ingress of fuel with a cloth.

•  Before refitting the piezo-injector, remove the ignition
coils and ensure conditions of absolute cleanliness.

•  Ignition coils heavily fouled by fuel must be replaced.
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Injector Design and Function

Theًـpiezo-injectorًـessentiallyًـconsistsًـofًـthreeًـsub-assemblies.ًـًـTheًـexpansionًـofًـthe
energizedًـpiezo-elementًـliftsًـtheًـnozzleًـneedleًـoutwardsًـfromًـitsًـvalveًـseat.ًـًـToًـbeًـable
toًـcounterًـtheًـdifferentًـoperatingًـtemperaturesًـwithًـcomparableًـvalveًـlifts,ًـtheًـinjector
hasًـaًـthermalًـcompensatingًـelement.

Theًـnozzleًـneedleًـisًـpressedًـoutwards
fromًـitsًـtaperedًـvalveًـseat.ًـًـThisًـopensًـup
anًـannularًـorifice.ًـًـTheًـpressurizedًـfuel
flowsًـthroughًـthisًـannularًـorificeًـandًـforms
aًـhollowًـcone,ًـtheًـsprayًـangleًـofًـwhichًـis
notًـdependentًـonًـtheًـbackpressureًـinًـthe
combustionًـchamber.

Do�not�attempt�to�clean�the
injectors�in�any�way.��This
may�result�in�damage�which
can�effect�the�spray�pattern.

Any�divergence�in�the�spray
pattern�can�cause�damage�to
the�spark�plug�or�the�engine
itself.

Index Explanation Index Explanation

1 Outward opening nozzle needle 3 Thermal compensator

2 Piezo-element

Outward�opening�injector�nozzle�needle
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The spray cone (1) of a piezo-injector can diverge during operation (2).  Due to the for-
mation of soot inside the engine, such divergence is perfectly normal and acceptable to
a certain extent.  If, however, spray divergence reaches the stage where it begins to
spray the spark plug wet, the spark plug may incur damage.

Replace�the�Teflon�sealing�ring�when�fitting�and�removing�the�piezo­
injector.��This�also�applies�when�an�injector�that�has�just�been�fitted
has�to�be�removed�again�after�an�engine�start.

A�piezo­injector�provided�with�a�new�Teflon�sealing�ring�should�be�fit­
ted�as�quickly�as�possible�because�the�Teflon�sealing�ring�could�swell
up.��Please�observe�the�repair�instructions�and�follow�without�fail.

When�fitting,�make�sure�that�the�piezo�injector�is�correctly�seated.��
The�hold­down�element�for�securing�the�piezo­injectors�must�rest�on
both�injector�tabs,�otherwise�the�necessary�force�is�not�applied�to�the
piezo­injector.���Do�not�clean�the�nozzle­needle�tip�of�the�piezo­injec­
tor.�

Index Explanation Index Explanation

1 Ideal “spray” cone 3 Non-permitted divergence of spray cone

2 Permitted divergence of spray cone
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Injection Strategy

Injectionًـofًـtheًـfuelًـmassًـrequiredًـforًـtheًـoperatingًـsituationًـcanًـtakeًـplaceًـinًـupًـto
threeًـindividualًـinjections.ًـًـWhichًـoptionًـisًـusedًـinًـtheًـrelevantًـoperatingًـsituationًـisًـ
dependentًـonًـengineًـloadًـandًـspeed.ًـًـHere,ًـtheًـactualًـtimeًـresultingًـfromًـtheًـengine
speedًـavailableًـforًـmeteringًـtheًـfuelًـisًـanًـimportantًـframeworkًـquantity.

Aًـspecialًـsituationًـduringًـtheًـoperationًـofًـanyًـengineًـisًـtheًـrangeًـinًـwhichًـaًـhighًـload
occursًـatًـlowًـengineًـspeed,ًـso-calledًـ"LowًـEndًـTorque"ًـoperation.ًـInًـthisًـoperatingًـ
situation,ًـtheًـrequiredًـfuelًـmassًـisًـmeteredًـtoًـtheًـengineًـinًـthreeًـindividualًـinjections.ًـ

Thisًـresultsًـinًـaًـhighlyًـeffectiveًـmixtureًـformationًـwhichًـinًـtheًـfinalًـanalysisًـhasًـthe
effectًـofًـbothًـincreasingًـpowerًـoutputًـandًـsavingًـfuel.ًـًـ

N54�Injection�Strategy

Index Explanation Index Explanation

n Engine speed 2 Two-time injection

m Torque 3 Three-time injection

1 One-time injection

N63�Injection�Strategy



Catalytic Converter Heating Mode

Inًـorderًـtoًـbringًـtheًـcatalyticًـconvertersًـupًـtoًـoperatingًـtemperatureًـasًـquicklyًـasًـ
possible,ًـBMWًـenginesًـenterًـaًـcatalyst-heatingًـmodeًـwhenًـtheًـengineًـperformsًـaًـcold
start.ًـًـInًـthisًـmode,ًـcombustionًـheatًـisًـintentionallyًـintroducedًـintoًـtheًـexhaustًـtrainًـand
notًـusedًـfirstًـandًـforemostًـtoًـdevelopًـpowerًـoutput.

Theًـpointًـofًـignitionًـisًـmovedًـtoًـً°30ـ(crankshaftًـdegrees)ًـafterًـTDC.ًـًـTheًـmainًـquantity
ofًـtheًـrequiredًـfuelًـisًـinjectedًـbeforeًـTDCًـandًـmixedًـwithًـboostًـair.ًـًـTheًـpistonًـisًـ
situatedًـafterًـTDCًـinًـitsًـdownwardًـtravelًـsuchًـthatًـtheًـair/fuelًـmixtureًـisًـalreadyًـexpand-
ingًـagain,ًـwhichًـreducesًـtheًـignitabilityًـofًـtheًـmixture.ًـ

Inًـorderًـtoًـigniteًـtheًـmixtureًـreliably,ًـaًـsmallًـresidualًـquantityًـofًـfuelًـisًـinjectedًـً°25ـafter
TDCًـandًـthisًـguaranteesًـanًـignitableًـmixtureًـatًـtheًـsparkًـplug.ًـًـThisًـsmallًـfuelًـquantity
thereforeًـprovidesًـforًـignitionًـofًـtheًـresidualًـchargeًـinًـtheًـcombustionًـchamber.ًـ

This operating mode is set by the engine-management system after a
maximum period of 60 seconds from engine starting but is terminated
if the catalytic-converter response temperature is reached earlier.
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Piezo Element

Theًـmovementًـofًـtheًـnozzleًـneedleًـinًـtheًـinjectorًـisًـgeneratedًـnoًـlongerًـbyًـaًـsolenoid
coilًـbutًـratherًـbyًـaًـpiezo-element.

Aًـpiezo-elementًـisًـanًـelectromechanicalًـconverter,ًـi.e.ًـitًـconsistsًـofًـaًـceramicًـmaterial
whichًـconvertsًـelectricalًـenergyًـdirectlyًـintoًـmechanicalًـenergyًـ(force/travel).ًـًـAًـfamiliar
applicationًـisًـtheًـpiezoًـcigaretteًـlighterًـً-ـwhenًـaًـpiezo-crystalًـisًـpressed,ًـvoltageًـisًـ
generatedًـuntilًـaًـsparkًـflashesًـoverًـandًـtheًـgasًـignites.ًـًـ

Inًـtheًـcaseًـofًـtheًـpiezo-actuator,ًـvoltageًـisًـgeneratedًـsoًـthatًـtheًـcrystalًـexpands.ًـIn
orderًـtoًـachieveًـgreaterًـtravel,ًـitًـisًـpossibleًـtoًـdesignًـaًـpiezo-elementًـinًـseveralًـlayers.

Theًـactuatorًـmoduleًـconsistsًـofًـlayersًـofًـtheًـpiezo-ceramicًـmaterialًـconnectedًـ
mechanicallyًـinًـseriesًـandًـelectricallyًـinًـparallel.ًـًـTheًـdeflectionًـofًـaًـpiezo-crystalًـis
dependentًـonًـtheًـappliedًـvoltageًـupًـtoًـaًـmaximumًـdeflection;ًـtheًـhigherًـtheًـvoltage,
theًـgreaterًـtheًـtravel.

Injector Adjustment

Whenًـtheًـinjectorsًـareًـmanufactured,ًـaًـmultitudeًـofًـmeasurementًـdataًـisًـrecordedًـat
specificًـpointsًـinًـtheًـfactory.ًـًـInًـthisًـway,ًـtheًـtoleranceًـrangesًـforًـinjector-quantityًـ
adjustmentًـareًـdeterminedًـandًـspecifiedًـinًـaًـsix-digitًـnumberًـcombination.ًـ

Informationًـonًـtheًـliftًـperformanceًـofًـtheًـinjectorًـisًـalsoًـaddedًـforًـinjectorًـvoltageًـ
adjustment.ًـًـInjectorًـadjustmentًـisًـrequiredًـbecauseًـofًـtheًـindividualًـvoltageًـdemandًـof
eachًـpiezoًـactuator.ًـًـAnًـallocationًـisًـmadeًـtoًـaًـvoltageًـdemandًـcategory,ًـwhichًـisًـ
includedًـinًـtheًـnumberًـcombinationًـonًـtheًـinjector.ًـ

TheseًـdataًـitemsًـareًـtransmittedًـtoًـtheًـECM.ًـًـDuringًـengineًـoperation,ًـtheseًـvaluesًـare
usedًـtoًـcompensateًـforًـdeviationsًـinًـtheًـmeteringًـandًـswitchingًـperformance.

When�replacing�an�injector,�it�is�absolutely�essentially�to�carry�out�an
injector�adjustment.

Index Explanation Index Explanation

1 Piezoًـcrystalًـً-ـnotًـenergized 3 Piezoًـelementًـinًـlayersًـ(stacked)

2 Piezoًـcrystalًـً-ـenergized

1 2 3
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Injector Control and Adaptation

Theًـfuelًـmassًـrequiredًـforًـtheًـoperatingًـsituationًـisًـinjectedًـbyًـtheًـpiezo-injectorًـinto
theًـcombustionًـchamber.ًـًـThisًـmassًـcanًـbeًـinfluencedًـbyًـthreeًـcorrectingًـvariables:

• Railًـpressure

• Injectorًـopeningًـtime

• Injectorًـopeningًـlift

Theًـinjectorًـopeningًـtimeًـandًـtheًـinjectorًـopeningًـliftًـareًـactivatedًـdirectlyًـatًـtheًـpiezo
injector.ًـًـTheًـopeningًـtimeًـisًـcontrolledًـviaًـtheًـ“ti”ًـsignalًـandًـtheًـopeningًـliftًـviaًـthe
energyًـquantityًـinًـtheًـactivationًـofًـtheًـpiezo-injector.

Injector Adaptation

Theًـfuelًـmassesًـandًـinjectionًـcyclesًـdeterminedًـfromًـtheًـload/speedًـmapًـareًـincluded
inًـaًـpilot-controlًـprogramًـmap.ًـًـHere,ًـwhileًـfurtherًـframeworkًـparametersًـareًـtakenًـinto
consideration,ًـtheًـenergyًـquantitiesًـandًـinjectorًـopeningًـtimesًـrequiredًـtoًـactivateًـthe
injectorsًـareًـdetermined.ًـBMWًـenginesًـcanًـbeًـsafelyًـandًـreliablyًـoperatedًـwithًـthese
program-mapًـvalues.

Tolerance range numbers
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Optimization

Forًـoptimizationًـof:

• Emissionًـvalues;

• Smoothًـrunning;

• Fuelًـconsumption;

• Powerًـoutput;

theًـcontrolledًـvariablesًـofًـenergyًـquantitiesًـandًـinjectorًـopeningًـtimesًـareًـcontinuously
monitored.ًـًـThisًـoccursًـonًـaًـbank-selectiveًـbasisًـbyًـwayًـofًـlambdaًـclosed-loopًـcontrol.

Theًـresidualًـoxygenًـinًـtheًـexhaustًـgasًـisًـmeasuredًـinًـeachًـcaseًـforًـcylinderًـbankًـ1ًـand
cylinderًـbankًـًـً.2ـThisًـmeasurementًـresultًـisًـcomparedًـwithًـtheًـvaluesًـexpectedًـfrom
theًـsetًـcorrectingًـvariables.ًـًـTheًـresultًـofًـaًـdeviationًـisًـthatًـtheًـinjectorًـopeningًـsignalًـis
adapted.ًـًـThisًـadaptationًـisًـstoredًـinًـtheًـcontrolًـunitًـandًـisًـthereforeًـavailableًـforًـ
subsequentًـengineًـoperation.ًـًـ

However,ًـtheseًـstoredًـvaluesًـareًـlostًـwhenًـtheًـsystemًـisًـflashedًـandًـmustًـbe
relearned.ًـًـAًـfurtherًـadaptationًـofًـtheًـinjectorًـactivationًـtakesًـplaceًـdependingًـonًـtime
andًـuse.ًـًـThisًـcylinder-selectiveًـadaptationًـinvolvesًـaًـcheckًـofًـtheًـresidual-oxygenًـcon-
tentًـwithًـaًـconclusionًـasًـtoًـtheًـcylinderًـcausingًـtheًـsituation.ًـًـToًـthisًـend,ًـitًـisًـneces-
saryًـforًـpartًـofًـtheًـexhaust-gasًـflowًـnotًـtoًـbeًـswirledًـinًـtheًـturbocharger.ًـForًـthisًـrea-
son,ًـtheًـflapًـofًـtheًـwastegateًـvalveًـmustًـbeًـfullyًـopened,ًـi.e.ًـswungًـoutًـofًـtheًـexhaust-
gasًـflow.ًـًـThisًـwastegate-flapًـpositionًـextendsًـbeyondًـitsًـnormalًـopeningًـpositionًـin
engineًـoperation.ًـBasedًـonًـtheًـresultًـofًـthisًـcylinder-selectiveًـmonitoring,ًـtheًـenergy
quantityًـisًـadaptedًـifًـnecessaryًـtoًـactivateًـtheًـinjectors.

Furthermore,ًـtheًـcylinder-selectiveًـadaptationًـincludes,ًـifًـnecessary,ًـanًـadaptationًـof
theًـinjectorًـopeningًـsignalًـbasedًـonًـsmoothًـrunningًـmonitoringًـofًـBMWًـengines.

Overall adaptation of the injectors is
limited to a 15% additional quantity.
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Solenoid Type Fuel Injectors N55 (HDE)
TheًـhighًـpressureًـfuelًـinjectionًـvalveًـBoschًـHDEV5.2ًـisًـaًـsolenoidًـtypeًـinjector.ًـInًـcon-
trastًـtoًـtheًـpiezo-electricًـinjectorsًـusedًـonًـtheًـcurrentًـBMWًـengines,ًـtheًـsolenoidًـvalve
fuelًـinjectorsًـareًـdesignedًـasًـinward-openingًـmulti-holeًـvalvesًـwithًـhighlyًـvariableًـjet
angleًـandًـform.ًـTheyًـoperateًـatًـaًـsystemًـpressureًـofًـupًـtoًـ200ًـbar.

Do not open the fuel system if the coolant temperature
is above 40°C/104°F. The residual pressure in the high
pressure fuel system could cause bodily injury.

Itًـisًـessentialًـtoًـobserveًـtheًـutmostًـcleanlinessًـwhenًـworkingًـonًـtheًـhighًـpressureًـfuel
systemًـandًـtoًـfollowًـtheًـproperًـworkingًـproceduresًـdescribedًـinًـtheًـrepairًـinstructions.
Evenًـminuteًـsoilingًـorًـdamageًـatًـtheًـthreadًـconnectionsًـofًـtheًـhighًـpressureًـlines
couldًـcauseًـleaks.

Special tool # 13 0 270 must be used to remove the HDEV5.2 high
pressure injector valves from the engine. Damage to the injector or
the related components may occur otherwise. See the Service
Information section in this training material for more information.

Particular care must be taken when working on the fuel system of the
N55 engine to ensure that the ignition coils are not wet with fuel. The
resistance of the silicone insulating material of the coils is greatly
reduced by the contact with fuel. This could result in arcking at the
top of the spark plug and misfiring. See the Service Information sec-
tion and repair instructions for more information.

CAUTION!!!
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The following graphic shows the arrangement of the individual components in the com-
bustion chamber of the N55. It can be seen that the BMW (spray-guided) high precision
injection (HPI) system is not used but rather a Bosch solenoid valve fuel injector with
multi-hole nozzle. The fuel injection is specially adapted to the combination of
Valvetronic III and turbocharging. For better illustration, a set of valves has been
removed in the graphic.

N55,�combustion�chamber�with�components

Index Explanation

1 Valve seat, exhaust valve

2 Exhaust valve

3 Spark plug

4 Fuel injector

5 Intake valve

6 Valve seat, intake valve

7 Piston



HPI/HDE System Service

Fuel System Safety
• Workingًـonًـtheًـfuelًـsystemًـisًـonlyًـpermittedًـafterًـtheًـengineًـhasًـcooledًـdown.
Theًـcoolantًـtemperatureًـmustًـnotًـexceedً40ـ°C/104°F.ًـًـThisًـmustًـbeًـobserved
withoutًـfail,ًـotherwiseًـthereًـisًـaًـdangerًـofًـfuelًـspraybackًـonًـaccountًـofًـtheًـresidual
pressureًـinًـtheًـhighًـpressureًـfuelًـsystem.ًـ

• Whenًـworkingًـonًـtheًـhighًـpressureًـfuelًـsystem,ًـtakeًـparticularًـcareًـtoًـensureًـcon-
ditionsًـofًـabsoluteًـcleanlinessًـandًـfollowًـtheًـworkًـsequencesًـdescribedًـinًـthe
repairًـinstructions.ًـًـEvenًـtheًـtiniestًـcontaminantsًـandًـdamageًـtoًـtheًـscrewًـcon-
nectionsًـonًـtheًـhighًـpressureًـlinesًـcanًـcauseًـleaks.ًـ

• WhenًـworkingًـonًـtheًـfuelًـsystemًـofًـBMWًـengines,ًـitًـisًـimportantًـtoًـensureًـthat
theًـignitionًـcoilsًـareًـnotًـfouledًـbyًـfuel.ًـًـTheًـresistanceًـofًـtheًـsiliconeًـmaterialًـis
significantlyًـreducedًـbyًـheavyًـfuelًـcontact.ًـًـThisًـcanًـcauseًـsparkoverًـatًـtheًـspark-
plugًـheadًـandًـcauseًـmisfires.

ـً• Beforeًـmakingًـmodificationsًـtoًـtheًـfuelًـsystem,ًـremoveًـtheًـignitionًـcoilsًـwithout
failًـandًـprotectًـtheًـspark-plugًـslotًـagainstًـtheًـingressًـofًـfuelًـwithًـaًـcloth.

ـً• Beforeًـrefittingًـpiezo-injectors,ًـremoveًـtheًـignitionًـcoilsًـandًـensureًـconditionsًـof
absoluteًـcleanliness.

ـً• Ignitionًـcoilsًـheavilyًـfouledًـbyًـfuelًـmustًـbeًـreplaced.
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Service Information

ACHTUNG! Öffnen des Kraftstoffsystems bei Kühlmitteltemperatur über 40 C̊ nicht zulässig. Gefahr von Körperverletzung. Reparaturanleitung beachten.

CAUTION! Do not open the fuel system if the coolant temperature is above 40 C̊/104 F̊ – risk of injury! Consult the repair manual.

ATTENTION ! Il est interdit d'ouvrir le système d'alimentation en carburant lorsque la température du liquide de refroidissement est supérieure à 40 C̊. 
Risque de blessure. Respecter les instructions du Manuel de réparation.

¡ATENCIÓN! Prohibido abrir el sistema de combustible cuando la temperatura del líquido refrigerante supere los 40 C̊. Peligro de lesiones. Consultar el 

7567417

manual de reparaciones.

T
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Fuel Injectors - N55
InًـorderًـtoًـremoveًـtheًـN55ًـfuelًـinjectorsًـfromًـtheًـcylinderًـhead,ًـspecialًـtoolً270 0 13#ـ
mustًـbeًـutilized.ًـFailureًـtoًـuseًـtheًـspecialًـtoolًـwillًـresultًـinًـdamageًـtoًـtheًـinjectors.

Thereًـisًـaًـnewًـtoolً280 0 13 #ـ thatًـmustًـbeًـusedًـwhenًـreplacingًـtheًـPTFEًـsealsًـon
theًـtipsًـofًـtheًـsolenoidًـvalveًـinjectors.ًـAsًـwithًـpiezoelectricًـinjectorsًـtheseًـsealsًـmust
beًـreplacedًـifًـandًـwhenًـtheًـinjectorsًـareًـbeingًـre-installed.

Do not open the high pressure fuel injection system if the coolant 
temperature is above 40°C . The residual pressure in the high pres-
sure fuel system could cause bodily injury.

It is essential to follow the repair instructions and observe the utmost
cleanliness when working on the high pressure fuel system. Even
minute soiling or damage at the connections of the high pressure
lines and cause leaks.



57
FuelًـManagement

High Pressure Fuel Injector Valve (HDE)

TheًـHDEV5.2ًـsolenoidًـtypeًـinjectorًـvalvesًـusedًـonًـtheًـN55ًـengineًـareًـaًـnewًـ
development.

1  Booster phase: 
OpeningًـofًـtheًـHDEV5.2ًـisًـinitiatedًـinًـtheًـboosterًـphaseًـbyًـaًـhighًـboosterًـvolta
fromًـtheًـDME.ًـTheًـboosterًـphaseًـendsًـonًـreachingًـapproximatelyًـ10ًـamps.ًـ
Theًـhighًـcurrentًـisًـachievedًـbyًـaًـvoltageًـofًـupًـtoًـapproximatelyًـ65ًـVolt.

2  Energizing phase: 
Inًـtheًـenergizingًـphase,ًـtheًـHDEV5.2ًـisًـcompletelyًـopenedًـbyًـcontrollingًـtheًـ
currentًـtoًـapproximatelyًـ6.2ًـamps.ًـAtًـtheًـendًـofًـtheًـenergizingًـphase,ًـtheًـcurrent
isًـreducedًـtoًـtheًـholdingًـcurrentًـlevelًـofًـapproximatelyًـ2.5ًـamps.

3  Hold phase:
TheًـenergizedًـHDEV5.2ًـisًـkeptًـopenًـbyًـcontrollingًـtheًـcurrentًـatًـapproximatelyًـ
.phaseـholdًـtheًـinًـampsًـ2.5ً

4  Switch off phase:
Theًـcurrentًـisًـswitchedًـoffًـatًـtheًـendًـofًـtheًـinjectionًـtimeًـ(inًـtheًـswitchًـoffًـphase).
Atًـleastًـ2ًـmillisecondsًـelapseًـbetweenًـtwoًـinjectionًـcycles.
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N55, Actuation Phases of the HDEV5.2

Index Explanation Index Explanation

A DMEًـactuationًـsignal 1 Boosterًـphase

B CurrentًـflowًـHDEV5.2 2 Energizingًـphase

C VoltageًـatًـHDEV5.2 3 Holdًـphase

4 Switchًـoffًـphase
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Fuel Supply and Control Schematic Overview on BN2020
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Index Explanation Index Explanation

1 Central Gateway Module 7 Junction Box Electronics

2 Advanced Crash Safety Module 8 Power distribution box, right rear

3 Instrument Cluster 9 Electric Fuel Pump Module

4 Car Access System 10 Fuel level sensor, right

5 Fuel pressure sensor 11 Electric fuel pump

6 Engine Control Module (DME) 12 Fuel level sensor, left

ISTA wiring schematic: SSP-BSB-T6109018 Fuel Supply
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Workshop Hints

Beforeًـanyًـserviceًـworkًـisًـperformedًـonًـanyًـfuelًـsystemًـrelatedًـcomponent,ًـalways
adhereًـtoًـtheًـfollowing:

• Observeًـrelevantًـsafetyًـlegislationًـpertainingًـtoًـyourًـarea.

• Ensureًـadequateًـventilation.

• Useًـexhaustًـextractionًـsystemًـwhereًـapplicableًـ(alleviateًـfumes).

• DOًـNOTًـOPERATEًـTHEًـFUELًـPUMPًـunlessًـitًـisًـproperlyًـinstalledًـinًـthe
fuelًـtankًـandًـisًـsubmersedًـinًـtheًـfuelًـ(fuelًـlubricatesًـtheًـpump).

• Alwaysًـwearًـadequateًـprotectionًـclothingًـincludingًـeyeًـprotection.

• Useًـcautionًـwhenًـworkingًـaroundًـaًـhotًـengineًـcompartment

• Duringًـfuelًـsystemًـrepairًـthatًـinvolvesًـ“sealingًـrings”,ًـalwaysًـreplaceًـthem
withًـnewًـCOPPERًـringsًـonly.

• BMWًـdoesًـnotًـrecommendًـanyًـUNAUTHORIZEDًـMODIFICATIONSًـtoًـtheًـfuel
system.ًـًـTheًـfuelًـsystemًـisًـdesignedًـtoًـcomplyًـwithًـstrictًـfederalًـsafetyًـandًـemis-
sionsًـregulations.ًـًـInًـtheًـconcernًـofًـproductًـliability,ًـitًـisًـunauthorized toًـsellًـor
performًـmodificationsًـtoًـcustomerًـvehicles,ًـparticularlyًـinًـsafetyًـrelatedًـareas.

• AlwaysًـconsultًـtheًـRepairًـInstructionsًـonًـtheًـspecificًـmodelًـyouًـareًـworkingًـon
beforeًـattemptingًـaًـrepair.

Fuel
Fuelًـqualityًـshouldًـalwaysًـbeًـconsideredًـwhenًـdiagnosingًـaًـdriveabilityًـcomplaint.
Theًـtypeًـofًـfuel,ًـproperًـAKI/PONًـrating,ًـimpuritiesًـandًـmoistureًـareًـnotًـfactoredًـby
theًـECM.

PleaseًـreferًـtoًـtheًـOwner’sًـManualًـandًـfollowing
ServiceًـInformationًـBulletinsًـregardingًـfuel:

• SIًـBًـ06ًـ07ًـ13ًـGasolineًـQualityًـً&ـDetergentًـAdditives

• SIًـBًـ10ًـ02ًـ13ًـFuelًـSystemsًـ

• SIًـBًـ06ًـ02ًـ13ًـTopًـTIERًـDetergentًـGasolineًـinًـBMWًـVehicles

• SBSًـً(139)ـ96ًـ06ًـ13ً-1996ـGroupًـ13ًـ(onًـISTA>Workshop/Operatingًـfluids)
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Draining the Fuel Tank
Inًـorderًـtoًـremoveًـtheًـfuelًـtankًـitًـmustًـbeًـdrainedًـfirstًـtoًـavoidًـfuelًـspillsًـandًـhandling
excessiveًـweight.ًـInًـsomeًـcasesًـdependingًـonًـtheًـfuelًـtankًـdimensionsًـ(vehicleًـspecif-
ic),ًـitًـisًـalsoًـnecessaryًـtoًـdrainًـtheًـfuelًـtankًـtoًـreplaceًـtheًـsendingًـunitsًـand/orًـfuel
pump.

In some vehicles, the sending units/fuel pump is mount-
ed lower than the top of the fuel tank. A fuel spill will be
encountered if the fuel is not drained.

Consult the BMW Service Workshop Equipment for the proper evacu-
ation equipment. The saddle type tank requires an additional step to
drain the fuel from the driver side. The evacuation equipment should
be attached to the tank compensating hose (arrow) to drain out the
remaining fuel.

Fuel Pump/Pressure Regulator - Testing
Theًـfuelًـpumpًـshouldًـbeًـtestedًـforًـdeliveryًـpressure
andًـvolume.ًـCautionًـwhenًـdisconnectingًـfuelًـhoses
becauseًـthereًـisًـtheًـpossibilityًـofًـresidualًـfuelًـpres-
sure!ًـInstallًـtheًـfuelًـpressureًـadapterًـandًـIMIBًـpres-
sureًـsensingًـleadًـtoًـtheًـfuelًـpressureًـfittingًـ*IMIB
startsًـwithًـatmosphericًـpressureًـasًـtheًـbase.

Ifًـtheًـ3.5ًـ(*+ًـatmosphereًـIMIBًـbaseًـstartingًـpoint)ًـbar
fuelًـpressureًـisًـnotًـachievedًـorًـbleedًـoffًـisًـmoreًـthan
ـtoًـreferًـً,barـ0.5ً

• REPًـ032ًـ31ًـ13ًـCheckًـfuelًـpressure

• REPًـ029ًـ31ًـ13ًـCheckingًـfuelًـpumpًـdelivery
pressureًـ(N52)ًـ

• REPًـ029ًـ31ًـ13ًـCheckingًـfuelًـpumpًـdelivery
pressureًـ(M54)

forًـfurtherًـdiagnosis.ًـTheًـFuelًـHoseًـClampًـToolًـcan
beًـusedًـtoًـisolateًـbleedًـoffًـfromًـtheًـpumpًـ(non-
returnًـcheckًـvalve)ًـorًـtheًـpressureًـregulatorًـ(restric-
tionًـvalve).ًـAlsoًـverifyًـpowerًـsupplyًـtoًـtheًـfuelًـpump.ًـ

CAUTION!!!
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Fuel volume must be tested to verify:
• FuelًـPumpًـOutput

• Restrictionsًـareًـnotًـpresentًـinًـtheًـpump
pickupًـlines/hosesًـandًـfuelًـfilter.

Fuel Injectors
Whenًـinspectingًـtheًـfuelًـinjectors,ًـconsider
theًـfollowing:

• O-ringsًـshouldًـbeًـreplaced,ًـlubrication
withًـVaselineًـorًـSAEًـ90ًـgearًـoilًـforًـinstal-
lation.

• Verifyًـtheًـcodeًـnumberًـ(differentًـengine
applications)

• Plasticًـspacerًـwasherًـisًـnotًـdamaged

• Colorًـcodeًـofًـhousingًـ(differentًـengine
applications)

Fuelًـinjectorsًـcanًـleakًـwhichًـbleedsًـoffًـfuel
pressureًـandًـincreasesًـemissions.ًـTheًـinjec-
torsًـcanًـbeًـtestedًـusingًـtheًـFuelًـInjector
LeakageًـTester.

Theًـfuelًـinjectorsًـcanًـbeًـcleaned,ًـreferًـto:

• SIًـBًـ07ًـ07ًـ04ًـFuelًـInjectionًـand
InductionًـSystemًـCleaning
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TheًـFuelًـInjectorsًـshouldًـalsoًـbeًـtestedًـusingًـthe
ISTAًـfor:

• Resistance

• PowerًـSupply

• StatusًـDisplayًـً-ـFuelًـInjectionًـSignal

• ECMًـFinalًـStageًـtransistorًـactivation.ًـًـThisًـtest
functionsًـisًـfoundًـunderًـtheًـoscilloscopeًـPreset
listًـً-ـ“TiًـInjectionًـSignal”.ًـًـInstallًـtheًـUniversal
Adapter,ًـDiagnosticًـcable,ًـMFKًـ2ًـnegativeًـlead
toًـECMًـgroundًـandًـMFKًـ2ًـpositiveًـleadًـtoًـthe
groundًـactivationًـcircuitًـforًـtheًـinjector.ًـًـThisًـtest
isًـperformedًـwithًـtheًـengineًـcrankingًـorًـrunning.

Injector Deactivation
(Induced Voltage)

Ground Duration (MS)

B+ Supply
to Injector

ECM
Activates

Ground

+

MFK 2
Positive

MFK 2
Negative



Whenًـtestingًـfuelًـpressure,ًـtheًـhand
heldًـfuelًـpressureًـgageًـ(SWZً060ـ3ًـ13ًـ)
canًـbeًـused.

Caution:ًـResidualًـfuelًـpressureًـmayًـbe
present!

TheًـIMIBًـisًـequippedًـwithًـaًـpressure
measuringًـfunction,ًـfoundًـin
Measurementًـtesting.ًـTheًـfollowing
adaptersًـ(SpecialًـToolًـnumbers)ًـwillًـbe
necessary:

• SWZً051ـ6ًـ13ًـ

• SWZً055ـ6ًـ13ًـ

• SWZً057ـ6ًـ13ًـ

Theseًـadaptersًـinstallًـ“inline”ًـinًـtheًـfuelًـpressureًـhose.

Forًـvehiclesًـequippedًـwithًـ“quick-release”ًـcouplings,ًـinstallًـspecialًـtoolًـ(SWZً270ـ5ًـ13ًـ)
betweenًـtheًـfuelًـfilterًـً(1)ـandًـpressureًـsupplyًـhoseًـً.(2)ـThisًـtoolًـwillًـcoupleًـtoًـtheًـIMIB
PressureًـAdapterًـً.(3)ـ

Laterًـproductionًـfuelًـrailsًـareًـequippedًـwithًـaًـthreadedًـadapterًـfittingً(1)ـ.

ThisًـthreadedًـadapterًـfittingًـallowsًـAdapterًـ(SWZً220ـ5ًـ13ًـ)ًـtoًـbeًـthreadedًـonًـtoًـthe
fuelًـrailًـandًـcoupledًـtoًـtheًـIMIBًـPressureًـAdapter.

When testing the fuel injectors for leakage, use Special Tool #88 88 5 000 362. Leak
testing the fuel injectors is one of the diagnostic steps listed in:

• SIًـBًـً(3096)ـ90ًـ08ًـ13ًـLongًـCrankingًـTimes.

Thisًـtoolًـpressurizesًـtheًـinjectorsًـwithًـairًـandًـtheًـinjectorًـtipsًـareًـsubmersedًـinًـwater.ًـIf
airًـbubblesًـareًـpresent,ًـthisًـindicatesًـtheًـleakingًـinjector(s).ًـ
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Crankshaft Position/RPM Sensor 
Thisًـsensorًـshouldًـbeًـtestedًـusing
theًـIMIBًـfor:

• PowerًـSupply

• DCًـVoltage

• StatusًـDisplay

• OscilloscopeًـDisplayًـfound
underًـPresetًـMeasurementsًـ-
“EngineًـSpeedًـSensorًـSignal”

Crankshaft Sensor (N55)
Theًـfunctionًـofًـtheًـnewًـcrankshaftًـsensorًـisًـidenticalًـtoًـthatًـofًـtheًـcrankshaftًـsensors
usedًـforًـtheًـautomaticًـengineًـstart-stopًـfunctionًـ(MSA).ًـTheًـengineًـreversalًـdetection
isًـrequiredًـforًـtheًـMSAًـfunction.ًـ(MSAًـisًـnotًـcurrentlyًـofferedًـinًـtheًـUS.)

Index Explanation

1 Connector

2 Dust seal

3 Sensor
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