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2MED 9.2.1- Workbook
 MED 9.2.1 Engine Management System
 Model: E66 - 760Li
 Production Date: MY 2003
 Manufacturer: Bosch
 Pin Connector: 134 Pins - 5 Modular Connectors per Control Module
 This intent of this workbook is to assist you with diagnosis and testing in addition to thedetailed information found in the the latest Diagnosis and TIS of the DISplus/GT1.
 This section will be instructor led for a brief review of the MED 9.2.1 Engine ManagementSystem. You are encouraged to use this workbook with the latest Diagnosis and TIS infor-mation to make notes during diagnosis and testing of the nneeww//uunniiqquuee ccoommppoonneennttss ooff tthheeMMEEDD 99..22..11 ssyysstteemm.. This will be valuable to you as supplementary information or a memo-ry refresher when performing diagnosis in the future.
 NNoottee:: For more in depth and detailed information about the MED 9.2.1 Engine ManagementSystem, refer to the ST047 2003 Systems Diagnosis training manual.
 For additional and updated information, always refer to:
 www.bmwcenternet.com- Diagnosis and TIS information/updates- Service Information Bulletins- DCS messages
 Objectives:
 After completion of this module you will be able to test and diagnose the following:
 • Integrated Voltage Supply Module • High Pressure Injection System• Local-CAN bus • Direct Injection System Control• Auxiliary Air Flaps • Bosch LSU Planar Wideband Oxygen Sensor• Intake Manifold Pressure Sensors • Exhaust Flap
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 MED 9.2.1
 Purpose of the System
 The MED 9.2.1 system manages the following functions:
 ME 9.2
 Air:• Valvetronic Control• Electronic Throttle Valves • Hot-Film Air Mass Meters
 Fuel:• Fuel Supply • HDEV Control
 - Fuel Injection
 Ignition:• Direct Ignition • Knock Control• Ignition Monitoring
 Emissions:• Secondary Air Injection• Pre and Post Catalyst Oxygen Sensing• Oxygen Sensor Heating• Misfire Detection• Evaporative Purge Control/Leak Testing• Malfunction Indicator Light
 Performance Controls:• Bi-VANOS• Oil Condition• Electric Cooling Fan• MAP Thermostat• Alternator• E-Box Cooling Fan• Comfort Start• Cruise Control• A/C Compressor (high engine load)• Exhaust Flap
 The basic engine management inputs, processes and outputs are not included in this work-book because they have not changed, refer to the ST055 Engine Electronics hand out fordetails. Some components and functions are the same as the ME 9.2 Engine ManagementSystem found in the E65/E66. Refer to the ST042 E65 Part 2 hand out for details.
 MED 9.2.1ECM 1
 ME 9.2MED 9.2.1ECM 2
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 System Components
 MED 9.2.1 Engine Control Modules - New Features: This Bosch Engine ManagementSystem is introduced for more stringent emission requirements as well as reducing fuelconsumption and increasing driving performance. Flash EEPROMs (additional 1 MB flashmemory) are used as the storage medium for program data, fault code memory as well asthe adaptation values.
 The 134 pin MED 9.2.1ECMs are manu-factured by Bosch to BMW specifica-tions. The ECM is the SKE (standardshell construction) housing and uses 5modular connectors.
 For testing, use the Universal AdapterSet (break-out box) Special Tool: ## 9900 888866 112211 330000
 The ECMs work in combination with theValvetronic Control Module. The N73engine has a total of 5 control modulesto manage the engine functions:
 1. MED 9.2.1 ECM 2 - overall engine management
 2. MED 9.2.1 ECM 1 - overall engine management
 3. Valvetronic Control Module - intake valve lift
 4. High pressure fuel injector control module
 (HDEV) - activates injector group for one bank
 5. High pressure fuel injector control module
 (HDEV) - activates injector group for one bank
 These modules are located in the elec-tronic box in the engine compartmenttogether with the Integrated VoltageSupply Module (6).
 The ECM controls an electric cooling fanin the base of the electronic box to drawin cool air from the passenger compart-ment.
 1
 2
 2
 1
 3
 54
 6
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 MED 9.2.1 ECM 1 Inputs - Processing - Outputs
 RAILPRESSURE SENSOR
 AUXILARYAIR FLAPSOLENOIDS
 VALVETRONIC RELAY
 Fuel QuantityControl Valve
 IHKA
 Fuel Shutoff Valve
 IGNITION COILCONTROL (6x)
 EXHAUST FLAPSOLENOID
 AC COMPRESSOR
 VALVETRONICMOTOR & VALVE
 E-BOX FAN
 MED 9.2.1 ECM 1
 ECCENTRIC SENSOR
 EVAP. EMISSION VALVE
 HDEV
 PT-CAN
 LOCAL CAN
 (2x)
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 MED 9.2.1 ECM 2 Inputs - Processing - Outputs
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 Principle of Operation
 The ME 9.2 Engine Management System from the N62 engine provides the basis for theMED 9.2.1 Engine Management System.
 The main distinguishing features of the MED 9.2.1 are:
 • Extended computer capacity (additional 1 MB flash)• Modified oxygen sensor chip which permits detailed diagnosis of the oxygen sensors• One MED 9.2.1 control module for each cylinder bank• Power is supplied to the high pressure fuel injectors for each cylinder bank by a high
 pressure fuel injector control module (HDEV)• Omission of DISA and variable intake manifold activation (N62)• Three knock sensors for each cylinder bank• Activation of the auxiliary air flaps in the air cleaner housing• Rail pressure sensor• Fuel quantity control valve
 An MED 9.2.1 control module is used for each cylinder bank. Both control modules arethe same design and are classified into ECM 1 and ECM 2 by the programming. ECM 1receives the input signals from a sensor or switch:
 • Accelerator pedal module• Oil condition sensor• Alternator• Coolant temperature• Oil pressure
 ECM 1 transmits these signals via the Local-CAN bus to ECM 2. All further input signalsare transmitted directly to the control module responsible for the relevant cylinder bank (seeoverview pages 5 and 6).
 Output signals which relate to not just one cylinder bank (e.g. electric fuel pump or exhaustflap) are transmitted by ECM 1 to the corresponding actuators. The crankshaft sensor sig-nal is transmitted simultaneously to both control modules.
 The MED 9.2.1 regulates the injected fuel quantity. For this purpose, the MED 9.2.1receives the rail pressure sensor signals and regulates this pressure with the fuel quantitycontrol valve according to the value defined by the program map. This ensures that adefined quantity of fuel is injected over the injection period.
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 Integrated Voltage Supply Module (IVM)
 The IVM contains integral relays, replaceable fuses and offers a convenient splice point forharness connections. The IVM serves as a central power supply for Engine Management(including Valvetronic), Electronic Transmission and DSC. This diagram is a partial repre-sentation of the IVM for Engine Electronics.
 CAS
 IVM
 Power Module
 ECM (1&2)ECM 1
 Fuse
 Fuse
 Fuse
 Fuse
 Fuse (External)
 Fuse (External)
 Fuse (External)
 Fuse (External)
 Ignition Coils
 Eng. Mgt. Comp.
 KL15 KL50E
 B+
 KL3
 0
 B+KL30 Splice
 KL15
 ECM 2
 15W (Wake UP)
 PT CAN
 Local-CANRelay 3
 Relay 4
 Relay 1
 Relay 5
 47-04-04
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 11.. WWhhaatt ppiinn aanndd ccoonnnneeccttoorr nnuummbbeerr ooff EECCMM 11 aanndd EECCMM 22 ssuupppplliieess ggrroouunndd ttoo tthhee EECCMM ((mmaaiinn)) rreellaayyss??
 EECCMM 11 EECCMM 22
 22.. WWhhaatt ffuussee((ss)) ((nnuummbbeerrss)) ssuuppppllyy ooppeerraattiinngg vvoollttaaggee ffrroomm rreellaayy 11 ttoo tthhee iiggnniittiioonn ccooiillss ooff::
 CCyylliinnddeerr bbaannkk 11--66 CCyylliinnddeerr bbaannkk 77--1122
 33.. IIff ffuussee 000055 ffrroomm rreellaayy 33 wweerree ddeeffeeccttiivvee,, wwhhaatt ccoonnttrrooll mmoodduulleess wwoouulldd bbee aaffffeecctteedd??
 44.. RReellaayy 55 ssuupppplliieess ooppeerraattiinngg vvoollttaaggee ttoo wwhhaatt ccoommppoonneennttss??
 55.. WWhhaatt ttyyppee ooff ssiiggnnaall iiss ffoouunndd oonn ppiinn 2266 ((XX6600220044)) ooff EECCMM 22??
 IIss tthhiiss ssiiggnnaall aann iinnppuutt oorr oouuttppuutt??
 WWhheerree ddooeess tthhiiss ssiiggnnaall oorriiggiinnaattee??
 WWhhaatt iiss tthhee vvoollttaaggee vvaalluuee??
 DDooeess EECCMM 11 rreecceeiivvee tthhiiss ssiiggnnaall??
 66.. WWhhaatt ttyyppee ooff ssiiggnnaall iiss ffoouunndd oonn ppiinn 77 ((XX6600220011)) ooff EECCMM 22??
 IIss tthhiiss ssiiggnnaall aann iinnppuutt oorr oouuttppuutt??
 WWhheerree ddooeess tthhiiss ssiiggnnaall oorriiggiinnaattee??
 WWhhaatt iiss tthhee vvoollttaaggee vvaalluuee??
 DDooeess EECCMM 11 rreecceeiivvee tthhiiss ssiiggnnaall??
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 Indirect Signals and Wiring
 The ECMs are not directly connected to the OBD diagnostic connector. The OBD diag-nostic connector is connected to the ZGM. Both ECMs are connected to the ZGM (cen-tral gateway module) by the PT-CAN bus. ECM 2 is also connected via the Local-CAN busto ECM1. The ECMs are also connected to the Valvetronic control module and HDEV con-trol modules by the Local-CAN bus. Valvetronic faults are stored in the ECMs.
 The ECMs are classified into ECM 1 and ECM 2 by the wire harness connections (colorcoded) and location. ECM 1 receives the input signals from a sensor or switch and trans-mits these signals via the Local-CAN bus to ECM 2. All further input signals are transmit-ted directly (via hardwire harness) to the control module responsible for the relevant cylin-der bank.
 Output signals which are required for both cylinder banks are transmitted by ECM 1 to thecorresponding actuators. The crankshaft sensor signal is transmitted simultaneously toboth control modules.
 KT-9715
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 PT-CAN
 11.. WWhhaatt aarree tthhee cciirrccuuiitt ddeessccrriippttiioonnss ooff tthhee tthhrreeee wwiirreess tthhaatt mmaakkee uupp tthhee PPTT--CCAANN bbuuss??
 22.. RReeccoorrdd tthhee vvoollttaaggee lleevveellss oonn tthhee PPTT--CCAANN bbuuss ((hhiigghh aanndd llooww)) uussiinngg tthhee DDIISSpplluuss ssccooppee aass sshhoowwnn -- wwhheenn tthhee bbuuss iiss::
 IInnaaccttiivvee -- hhiigghh llooww AAccttiivvee -- hhiigghh llooww
 NNootteess oonn sseettuupp::
 Local-CAN
 11.. WWhhaatt aarree tthhee cciirrccuuiitt ddeessccrriippttiioonnss ooff tthhee ttwwoo wwiirreess tthhaatt mmaakkee uupp tthhee LLooccaall--CCAANN bbuuss??
 22.. RReeccoorrdd tthhee vvoollttaaggee lleevveellss oonn tthhee LLooccaall--CCAANN bbuuss ((hhiigghh aanndd llooww)) uussiinngg tthhee DDIISSpplluuss ssccooppee -- wwhheenn tthhee bbuuss iiss::
 IInnaaccttiivvee -- hhiigghh llooww AAccttiivvee -- hhiigghh llooww
 33.. WWhhaatt ppiinn aanndd ccoonnnneeccttoorr nnuummbbeerrss ddiidd yyoouu tteesstt tthhee LLooccaall--CCAANN bbuuss cciirrccuuiitt oonn EECCMM 11??
 PPiinnss CCoonnnneeccttoorr
 44.. AArree yyoouu aabbllee ttoo tteesstt tthhee LLooccaall--CCAANN bbuuss ffoorr rreessiissttaannccee?? VVaalluuee::
 47 002
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 Air Management
 Auxiliary Air Flaps: Each air cleaner housing incorporates an auxiliary air flap in its sidewall. The auxiliary air flaps supply the engine with enough air volume to attain the maximumperformance. The auxiliary air flaps are closed in the lower rpm ranges so that only coolerambient air is drawn in for hot idling and stop and go driving.
 The auxiliary air flaps are actuated by vacuum diaphragms which are located inside the aircleaner housings. Both diaphragms are supplied with vacuum from a common solenoidvalve.
 The auxiliary air flaps are fully opened by theECM:
 • In driving position “D” with kickdownoperation from 3500 rpm
 • In driving position “S” from 3000 rpm and simultaneous full load recognition.
 10-15% additional air is drawn in from the engine compartment when the auxiliary air flapsare open. It is not necessary to draw in additional cold air from outside the engine com-partment since the engine compartment is adequately ventilated at full load.
 Intake Manifold Pressure Sensors: The pressure sensors (one per bank) are located inthe back of intake manifold (1 peizo-electric). The voltage supply from the ECMs is 5 V. Thevarying resistance of the sensors is dependent on manifold pressure. The output voltagesignal is processed by the ECMs. The intake manifold pressure is calculated by the ECMsand is compared with the ambient pressure (internally measured in ECM 1).
 A minimum intake manifold vacu-um of 50 mbar is required for thefuel tank evaporative purge func-tion.
 This vacuum is set by the elec-tronic throttle valves (4) and mon-itoring with the intake manifoldpressure sensors.
 Shown to the right is the intakemanifold (upside down) with bothsensors (1). KT-9589
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 Auxiliary Air Flaps
 11.. WWhhaatt aarree tthhee ppiinn aanndd ccoonnnneeccttoorr nnuummbbeerrss aatt tthhee EECCMM ((11 oorr 22)) ffoorr tthhee aauuxxiilliiaarryy aaiirr ffllaapp vvaaccuuuumm ssoolleennooiidd??
 22.. IIss tthheerree aa TTeesstt PPllaann aavvaaiillaabbllee ffoorr tthhee aauuxxiilliiaarryy aaiirr ffllaappss??
 33.. SSeelleecctt CCoonnttrrooll UUnniitt FFuunnccttiioonnss ((MMEEDD 99..22..11)),, DDiiaaggnnoossiiss RReeqquueessttss.. IIss tthheerree aa ssttaattuuss uunnddeerr tthhee ““PPaarrtt FFuunnccttiioonnss”” ccoolluummnn ffoorr oobbsseerrvviinngg tthhee ““MMeessssaaggeess aanndd RReessuullttss””??
 IIss tthheerree aa ““CCoommppoonneenntt AAccttiivvaattiioonn”” ffeeaattuurree ffoorr tthhee aauuxxiilliiaarryy aaiirr ffllaappss??
 Intake Manifold Pressure Sensors
 11.. WWhhaatt aarree tthhee ppiinn aanndd ccoonnnneeccttoorr nnuummbbeerrss aatt tthhee EECCMM ((11 oorr 22)) ffoorr tthhee pprreessssuurree sseennssoorrss??
 PPiinnss CCoonnnneeccttoorr
 22.. IIss tthheerree aa TTeesstt PPllaann aavvaaiillaabbllee ffoorr tthhee pprreessssuurree sseennssoorrss??
 33.. SSeelleecctt CCoonnttrrooll UUnniitt FFuunnccttiioonnss ((MMEEDD 99..22..11)),, DDiiaaggnnoossiiss RReeqquueessttss.. IIss tthheerree aa ssttaattuuss uunnddeerr tthhee ““PPaarrtt FFuunnccttiioonnss”” ccoolluummnn ffoorr oobbsseerrvviinngg tthhee ““MMeessssaaggeess aanndd RReessuullttss””??
 44.. WWhhaatt iiss tthhee vvaalluuee aatt iiddllee ssppeeeedd?? mmbbaarr
 55.. WWhhaatt iiss tthhee vvoollttaaggee vvaalluuee aatt ppiinn 22 ((XX6600110033)) ooff EECCMM 11 aatt::
 IIddllee ssppeeeedd 22000000 rrppmm
 66.. WWiitthh tthhee iiggnniittiioonn ooffff,, uunnpplluugg tthhee eelleeccttrroonniicc tthhrroottttllee vvaallvvee ((oonn tthhee bbaannkk yyoouu aarree tteessttiinngg)).. RReessttaarrtt tthhee eennggiinnee aanndd cchheecckk tthhee vvaalluuee aatt iiddllee ssppeeeedd.. mmbbaarr
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 1. Air cleaner 17. Filler vent valve 2. Intake manifold 18. Service vent valve (float valve) 3. Engine 19. Anti-spitback flap4. Exhaust system 20. Surge chamber (fuel pump baffling) 5. Oxygen sensor 21. Electric fuel pump (EKP)6. Evaporative emission valve (TEV) 22. Pressure relief valve7. Purge vapors 23. Suction jet pumps8. MED 9.2.1 ECM 24. Fuel Tank9. Carbon Canister 25. Outlet protection valve
 10. Fuel tank leak diagnostic module (DM TL) 26. Service vent valve (float valve)11. Roll-over valve 27. Refueling breather12. Liquid/vapor expansion tank 28. Leakage line 13. Dust filter 29. Fuel pressure regulator (6 bar)14. Service ventilation 30. Fuel filter 15. Pressure test lead 31. High pressure fuel pump (HDP)16. Fuel tank filler cap 32. Fuel rails
 KT-9780
 Fuel Management
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 Fuel Supply System: For the N73 engine, minor modifications have been made to the fuelsupply system to adapt it to the direct injection system. The additional features are:
 • Leakage line• Electric fuel pump with increased delivery
 The N73 in tank electric fuel pump is a roller cell type (EKP Bosch 3.1) with an increaseddelivery pressure of 66 bbaarr. This pressure is required to adequately supply the high pressurefuel pumps.
 FFuueell SSuuppppllyy SSyysstteemm CCoommppoonneennttss::
 • Fuel tank (24)• Surge chamber (20)• Fuel pump (21)• Two suction jet pumps (23)• Outlet protection valve (25)
 IInntteerrnnaall TTaannkk FFuueell CCiirrccuuiitt OOppeerraattiioonn
 The fuel pump supplies fuel from the surge chamber via the fuel filter (located next to theframe rail under the driver’s floor) to the high pressure fuel pumps (HDP). The fuel pumpalways pumps more fuel than the engine requires in all operating conditions. The fuel pres-sure regulator built into the fuel filter adjusts the pressure to 66 bbaarr and feeds the excess fuelin the return flow back into the tank.
 The pressure regulator valve in the return flow sets a return pressure of 1.0 - 1.5 bar. Thispressure prevents fuel vapor locks in the return flow and also ensures operation of the twosuction jet pumps.
 The fuel flows from the pressure regulator valve on to an intersection point where the fuelreturn flow is split. Some of the fuel flows through the suction jet pump in the left half ofthe tank via the internal fuel line to the surge chamber. The suction jet pump acts like aventuri tube which draws the fuel from the left half of the tank into the right half.
 The other amount of diverted fuel flows via the second internal fuel supply directly to theright half of the tank and to tthhee sseeccoonndd ssuuccttiioonn jjeett ppuummpp.. TThhiiss ppuummppss tthhee ffuueell ffrroomm tthhee rriigghhtthhaallff ooff tthhee ttaannkk iinnttoo tthhee ssuurrggee cchhaammbbeerr ttoo eennssuurree tthhaatt tthhee ssuurrggee cchhaammbbeerr iiss aallwwaayyss ffiilllleeddwwiitthh eennoouugghh ffuueell iinn aallll ddrriivviinngg ccoonnddiittiioonnss aanndd ttaakkeess ffuullll aaddvvaannttaaggee ooff tthhee rreesseerrvvee ccaappaacciittyy..
 • Pressure relief valve (22)• Internal tank fuel lines• Fuel filter with fuel pressure regulator (30&29)• High pressure fuel pump (HDP)• Fuel rails with injection valves (32)
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 High Pressure Injection System: A BMW gasoline direct injection system is used for thefirst time in the N73 engine series. Each fuel rail is supplied with fuel by a high pressurepump (HDP), which is driven via a bucket tappet by a triple lobe cam on the exhaustcamshaft.
 The two high pressure pumps are supplied with fuel by the electric fuel pump (EKP), whichis located in the fuel tank. The high pressure fuel injectors are connected to a pressure rail(accumulator) for each cylinder bank. The two rails are not interconnected.
 1. Supply line
 2. High pressure pumps
 3. High pressure lines
 4. Fuel rail (7-12)
 5. Fuel rail (1-6)
 KT-9612
 6. High pressure fuel injectors
 7. Rail pressure sensors
 8. Pressure limiting valves
 9. Leakage line
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 High Pressure Pumps: A single cylinder high pressure pump is used for each cylinderbank. The pumps are mounted on the cylinder heads and driven via bucket tappets bytriple cam lobes on the exhaust camshafts. Each pump has three connecting lines: feedline, high pressure line and leakage line.
 1. Feed line
 2. Inlet valve
 3. High pressure chamber
 4. Outlet valve
 5. High pressure line
 6. Pump plunger
 7. Annular plunger groove
 8. Feed area channel
 9. Sealing ring
 10. Fuel quantity control
 valve
 11. Diaphragm
 12. Pressure attenuator
 13. Mounting flange
 14. Leakage line
 KT-9698
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 Fuel is delivered to each high pressure pump through the feed line at a pressure of 6 barfrom the electric in tank fuel pump via a T-branch. In the pump, the fuel passes throughthe inlet valve (2) into the high pressure area (3).
 As the pump plunger is forced up by the camshaft, the fuel is pressurized ((uupp ttoo 112200 bbaarr))in this area. The pressurized fuel is then forced out through the high pressure line to thefuel rail. The outlet valve (4) prevents back flow from the rail into the high pressure pump.
 Due to the extreme pressure on and around the plunger shaft, a small amount of fuel (max.1 litre per hour) flows past the plunger shaft against the sealing ring (9). This also servesas lubrication for the plunger shaft. The sealing ring provides a seal between the fuel sideof the pump and the engine oil at the pump drive.
 To relieve the pump pressure (up to 120 bar) at the sealing ring, the pressure is reduced intwo stages, at which point the fuel returns through the leakage line to the tank. The pumppressure is reduced down to 6 bar at the annular groove (7) because it is connected by achannel (8) to the feed area of the pump. The fuel flow from this channel is regulated bythe fuel quantity control valve (MSV).
 Below the annular groove, some fuel flows past the pump plunger against the sealing ring.At this point the fuel pressure is virtually reduced to atmosheric pressure, which is sufficientto return the fuel through the leakage line to the tank.
 Fuel Quantity Control Valves (MSV): The fuel quantity control valve (10) is installed in thehigh pressure pump to regulate the fuel delivery rate as required based on load and enginerpm. This valve opens a channel from the high pressure chamber (3) to the feed area allow-ing excess fuel to return to the feed area.
 When the pump plunger is at it’s lowest position, the valve is energized closed by the ECM.The valve is de-energized as soon as the injection pressure calculated by the ECM isreached during the upwards travel of the pump plunger. The valve is now opened to allowexcess fuel to return to the feed area. This switching is repeated three times per camshaftrevolution because the drive cam for the pump has three lobes.
 The pulsations generated in the pump during the process are absorbed by the pressureattenuator spring (12). The pressure attenuator is sealed by a diaphragm (11) from thepump feed area.
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 In Tank Electric Fuel Pump
 11.. RReeqquueesstt tthhee TTeesstt PPllaann ffoorr tthhee iinn ttaannkk eelleeccttrriicc ffuueell ppuummpp.. WWhhaatt ccaann ccaauussee ffaauullttss iinn tthhee ffuueell ssuuppppllyy ccoonnttrrooll??
 22.. SSeelleecctt ##44 ““FFaauulltt iinn eelleeccttrriicc ffuueell ppuummpp””.. WWhheenn tthhee TTeesstt PPllaann rreeqquueessttss yyoouu ttoo cchheecckk tthhee wwiirreess aanndd ppoowweerr ssuuppppllyy ttoo tthhee ffuueell ppuummpp,, ccaann yyoouu ffiinndd aa qquuiicckkeerr wwaayy ttoo ccoonnffiirrmm tthhiiss??
 33.. IIss tthheerree aa ““CCoommppoonneenntt aaccttiivvaattiioonn”” ffoorr tthhee iinn ttaannkk eelleeccttrriicc ffuueell ppuummpp??
 IIff yyeess,, hhooww ccaann yyoouu ccoonnffiirrmm tthhaatt iitt iiss ooppeerraattiinngg??
 High Pressure Pump with Fuel Quantity (volume) Control Valve
 11.. IIss tthheerree aa TTeesstt PPllaann aavvaaiillaabbllee ffoorr tthhee hhiigghh pprreessssuurree ppuummpp//ffuueell vvoolluummee ccoonnttrrooll vvaallvvee??
 22.. SSeelleecctt CCoonnttrrooll UUnniitt FFuunnccttiioonnss ((MMEEDD 99..22..11)),, DDiiaaggnnoossiiss RReeqquueessttss.. IIss tthheerree aa ssttaattuuss uunnddeerr tthhee ““PPaarrtt FFuunnccttiioonnss”” ccoolluummnn ffoorr oobbsseerrvviinngg tthhee ffuueell vvoolluummee ccoonnttrrooll vvaallvvee??
 33.. WWhhaatt aarree tthhee ppiinn aanndd ccoonnnneeccttoorr nnuummbbeerrss aatt tthhee EECCMM ((11 oorr 22)) ffoorr tthhee ffuueell vvoolluummee ccoonnttrrooll vvaallvvee?? PPiinn CCoonnnneeccttoorr
 44.. RReeccoorrdd tthhee vvoollttaaggee vvaalluuee aatt tthhiiss ppiinn wwiitthh tthhee eennggiinnee nnoott rruunnnniinngg ((iiggnniittiioonn oonn)).. VVEEnnggiinnee rruunnnniinngg aatt iiddllee ssppeeeedd.. VV
 55.. RReeccoorrdd tthhee ffrreeqquueennccyy aatt tthhiiss ppiinn wwiitthh tthhee eennggiinnee rruunnnniinngg aatt iiddllee ssppeeeedd.. HHzzaatt 22000000 rrppmm.. HHzz
 66.. UUssee tthhee MMFFKK 22 ccaabbllee ttoo oobbsseerrvvee aa ssccooppee ppaatt--tteerrnn ffrroomm tthhee ssaammee ppiinn aanndd rreeccoorrdd tthhaatt ppaatt--tteerrnn oonn tthhee rriigghhtt ((eennggiinnee aatt iiddllee ssppeeeedd))..
 HHiinntt:: SSttaarrtt oouutt wwiitthh aa ssccooppee sseettttiinngg ooff 1100HHzzaatt 5500 VV ffoorr MMFFKK 22 ((CChhaannnneell BB))..
 IInnccrreeaassee tthhee eennggiinnee ssppeeeedd ttoo 22000000 rrppmm aanndd oobbsseerrvvee ppaatttteerrnn..
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 Fuel Rails (pressure accumulator): The fuelis stored in the fuel rail at a pressure between 50and 120 bar for distribution to the fuel injectors.The fuel rail connects to the injectors throughbrass coupling connections.
 Due to length and position compensationbetween the rail and the fuel injectors, brasscoupling connections are used in order that thefuel injector O-ring can float inside this coupling.
 Pressure Limiting Valves: Each fuel rail contains an integral pressure limiting valve (1below). This valve opens from a pressure of 125 bar to prevent damage to the injectionsystem. The outlet of this valve is connected by a line to the high pressure pump fuel feedline. The valve can open briefly:
 • When no fuel is required by the fuel injectors (fuel cutoff when vehicle is coasting)oorr
 • During the afterheating (hot soak) phase when the hot engine is turned off.
 Rail Pressure Sensors: Each fuel rail incorporates a rail pressure sensor (2 above). Thesensor is a pressure dependent resistor and the voltage (5 V) is supplied by the ECM. Theincreasing system pressure alters the sensor resistance.
 According to the fuel pressure applied, the rail pressure sensor outputs a varying voltagesignal as the rail pressure increases from 0.5 V (0 bar) to 4.5 V (140 bar). If the rail pres-sure sensor malfunctions, the fuel quantity control valve (on the HDP) is activated with aback up function (set value) by the ECM.
 DSC00630
 DSC00632
 12
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 Fuel (rail) Pressure Sensor
 11.. WWhhaatt ttyyppee ooff sseennssoorr iiss tthhiiss??
 22.. IIss tthheerree aa TTeesstt PPllaann aavvaaiillaabbllee ffoorr tthhee ffuueell pprreessssuurree sseennssoorr??
 33.. SSeelleecctt CCoonnttrrooll UUnniitt FFuunnccttiioonnss ((MMEEDD 99..22..11)),, DDiiaaggnnoossiiss RReeqquueessttss.. IIss tthheerree aa ssttaattuuss uunnddeerr tthhee ““PPaarrtt FFuunnccttiioonnss”” ccoolluummnn ffoorr oobbsseerrvviinngg tthhee ffuueell pprreessssuurree sseennssoorr??
 44.. WWhhaatt aarree tthhee ppiinn aanndd ccoonnnneeccttoorr nnuummbbeerrss aatt tthhee EECCMM ((11 oorr 22)) ffoorr tthhee ffuueell pprreessssuurree sseenn--ssoorr?? PPiinn CCoonnnneeccttoorr
 55.. RReeccoorrdd tthhee vvoollttaaggee vvaalluuee aatt tthhiiss ppiinn wwiitthh tthhee eennggiinnee nnoott rruunnnniinngg ((iiggnniittiioonn oonn)).. VVEEnnggiinnee rruunnnniinngg aatt iiddllee ssppeeeedd.. VV
 EEnnggiinnee ssppeeeedd aatt 22000000 rrppmm.. VV
 66.. SShhuutt tthhee eennggiinnee ooffff aanndd ttuurrnn tthhee iiggnniittiioonn bbaacckk oonn ““KKLL1155”” ((eennggiinnee nnoott rruunnnniinngg)).. OObbsseerrvvee tthhee vvoollttaaggee vvaalluuee aatt tthhiiss ppiinn ffoorr aapppprrooxxiimmaatteellyy oonnee mmiinnuuttee.. WWhhaatt ddiidd yyoouu oobbsseerrvvee??
 77.. IIff tthhee pprreessssuurree lliimmiittiinngg vvaallvvee iiss ddeeffeeccttiivvee,, ccoouulldd tthhee aannsswweerrss ttoo qquueessttiioonnss 55 aanndd 66 ((aabboovvee)) iinnddiiccaattee tthhiiss??
 AAddddiittiioonnaall nnootteess::
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 Return Shut-off Valve: The return shut-off valve prevents a pressure drop in the systemwhile the engine is stopped and is located in the leakage line. When the engine is started,the valve is energized after a slight delay to prevent a pressure drop in the feed area of thehigh pressure pump (cavitation).
 While the engine is running, this valve is sup-plied with system voltage (from the ECM MainRelay) and activated by the ECM providing aground path which allows leakage fuel to returnto the tank.
 1. High pressure pump
 2. Leakage line
 3. Return shut-off valve
 Pressure Damper Vent Valve: The Pressure Damper Vent Valve provides a controlledoutlet for fuel/vapors that accumulate in the Pressure Attenuator (damper) chamber in thetop of each High Pressure Pump. This is a 3/2 way electrically controlled valve (KL15 fromthe IVM, ground path provided by ECM 1) that provides:
 • A circuit for fuel to return to the fuel tank when energized (KL15 on) oorr• A circuit for fuel vapors to vent into the evaporative system when de-energized (KL15 off)
 KT-9618
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 When the engine is running, a slight amount of fuel may accumulate in the PressureAttenuator upper chambers due to natural leakage through the internal diaphram (extremepressure). This fuel (circuit) is returned to the fuel tank by combining with the Leakage Lineof the Return Shut-off Valve. The Pressure Damper Vent Valve provides a passage to com-bine these two circuits when the ignition is switched on (KL15) and isolates the EvaporativeEmission circuit.
 When the engine is not running, fuel vapors remain in these chambers and is routed intothe Evaporative Emission circuit. This is accomplished by Pressure Damper Vent Valveblocking the passage from the Return Shut-off Valve (KL15 off) and opening a passage tothe circuit leading from the Active Charcoal Canister to the Evaporative Emission Valve.
 High Pressure Fuel Injectors (HDEV): The high pressure fuel injectors are designedessentially the same as conventional fuel injectors. They are secured by a taper in the cylin-der head and sealed by a Teflon ring against the combustion chamber.
 The O-ring seals the top of the injector and floats inside the brass coupling connections onthe fuel rail. Each fuel injector incorporates a single hole nozzle with a spray angle of 70ºto the piston crown.
 1. Electrical connection
 2. Solenoid coil
 3. Fuel inlet port
 4. Pressure spring
 5. Nozzle needle
 6. Single hole nozzle
 To open the high pressure fuel injector, the nozzle needle is lifted off its seat when the sole-noid coil is energized. Due to the high injection pressure (up to 120 bar), the pressurespring is designed to accommodate a pressure force of 30 newtons (5 newtons for con-ventional fuel injectors). The pressure spring forces the nozzle needle onto its seat duringclosing with sufficient contact pressure.
 KT-9744
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 Return (flow) Shut-off Valve
 11.. IIss tthheerree aa TTeesstt PPllaann aavvaaiillaabbllee ffoorr tthhee rreettuurrnn ffllooww sshhuutt ooffff vvaallvvee??
 22.. SSeelleecctt CCoonnttrrooll UUnniitt FFuunnccttiioonnss ((MMEEDD 99..22..11)),, DDiiaaggnnoossiiss RReeqquueessttss.. IIss tthheerree aa ssttaattuuss uunnddeerr tthhee ““PPaarrtt FFuunnccttiioonnss”” ccoolluummnn ffoorr oobbsseerrvviinngg tthhee rreettuurrnn ffllooww sshhuutt ooffff vvaallvvee??
 33.. WWhhaatt aarree tthhee ppiinn aanndd ccoonnnneeccttoorr nnuummbbeerrss aatt tthhee EECCMM ((11 oorr 22)) ffoorr tthhee rreettuurrnn ffllooww sshhuutt ooffff vvaallvvee?? PPiinn CCoonnnneeccttoorr
 44.. MMeeaassuurree aanndd rreeccoorrdd tthhee rreessiissttaannccee vvaalluuee ooff tthhiiss vvaallvvee.. oohhmmss
 55.. RReeccoorrdd tthhee vvoollttaaggee vvaalluuee aatt tthhiiss ppiinn wwiitthh tthhee eennggiinnee nnoott rruunnnniinngg ((iiggnniittiioonn oonn)).. VVEEnnggiinnee rruunnnniinngg aatt iiddllee ssppeeeedd.. VV
 EEnnggiinnee ssppeeeedd aatt 22000000 rrppmm.. VV
 66.. SShhuutt tthhee eennggiinnee ooffff.. WWaaiitt tteenn sseeccoonnddss aanndd rreessttaarrtt tthhee eennggiinnee.. OObbsseerrvvee tthhee vvoollttaaggee vvaalluuee aatt tthhiiss ppiinn wwhhiillee tthhee eennggiinnee ccrraannkkss aanndd ssttaarrttss.. WWhhaatt ddiidd yyoouu oobbsseerrvvee??
 High Pressure Fuel Injectors (HDEV)
 11.. WWhhaatt iiss tthhee rreessiissttaannccee vvaalluuee ooff aa hhiigghh pprreessssuurree ffuueell iinnjjeeccttoorr?? oohhmmss
 VViissuuaall iiddeennttiiffiiccaattiioonn ooff tthhee hhiigghh pprreessssuurree ffuueell iinnjjeeccttoorr::
 1. Teflon ring (combustion chamber seal)
 2. Taper (seats against cylinder head)
 3. O-ring (brass coupling seal in fuel rail)
 AAddddiittiioonnaall nnootteess::KT-9637
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 Direct Injection System Control
 A high pressure fuel injector control module (HDEV) is used for each cylinder bank and islocated in the engine compartment E box. The HDEV control module is supplied with sys-tem voltage from the ECM main relay (in the IVM). Data is transmitted from the ECMs tothe HDEV control modules for each high pressure fuel injector via the Local-Can bus. TheHDEVs activate the injectors individually.
 NNoottee:: TThhee hhiigghh pprreessssuurree ffuueell iinnjjeeccttoorrss aarree aaccttiivvaatteedd bbyy tthhee HHDDEEVV ccoonnttrrooll mmoodduulleess wwiitthh aavvoollttaaggee ooff 110000 VV aanndd eenneerrggiizzeedd dduurriinngg tthhee ooppeenniinngg ppeerriioodd wwiitthh aapppprrooxx.. 8855 VV..
 HDEV Control Modules: The HDEV control modules contain pulse width modulated finaloutput stages with high performance capacitors to transform the system voltage up to 85to 100 volts. Current flows in the output stages up to a specific cutoff value. This cutoffcreates an induced voltage, e.g. 85 V, which is then charged to the high performancecapacitors (boosters). The high pressure fuel injectors are actuated by this capacitor with2.8 to 16 amps of current.
 Partial circuit of ECM (DME) 1with two injectors shown
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 High Pressure Fuel Injector Control Module (HDEV)
 11.. IIss tthheerree aa TTeesstt PPllaann aavvaaiillaabbllee ffoorr tthhee HHDDEEVV??
 22.. SSeelleecctt CCoonnttrrooll UUnniitt FFuunnccttiioonnss ((MMEEDD 99..22..11)),, DDiiaaggnnoossiiss RReeqquueessttss.. IIss tthheerree aa ssttaattuuss uunnddeerr tthhee ““PPaarrtt FFuunnccttiioonnss”” ccoolluummnn ffoorr oobbsseerrvviinngg tthhee HHDDEEVV iinnjjeeccttoorr oouuttppuutt??
 33.. WWhhaatt aarree tthhee ppiinn aanndd ccoonnnneeccttoorr nnuummbbeerrss aatt tthhee EECCMM ((11 oorr 22)) ffoorr tthhee ffuueell iinnjjeeccttoorr oouuttppuutt rreeqquueesstt?? CCoonnnneeccttoorr PPiinnss
 44.. RReeccoorrdd tthhee vvoollttaaggee vvaalluuee aatt oonnee ooff tthheessee ppiinnss wwiitthh::TThhee eennggiinnee nnoott rruunnnniinngg ((iiggnniittiioonn oonn)).. VVEEnnggiinnee rruunnnniinngg aatt iiddllee ssppeeeedd.. VVRReevv eennggiinnee uupp ttoo 22000000 rrppmm.. VV
 55.. WWhhaatt aarree tthhee ppiinn aanndd ccoonnnneeccttoorr nnuummbbeerrss aatt tthhee HHDDEEVV ((11 oorr 22)) ffoorr tthhee oouuttppuutt ccoonnttrrooll ooff oonnee ooff tthhee ffuueell iinnjjeeccttoorrss?? CCoonnnneeccttoorr PPiinnss
 voltage ground Ask the Instructor for assistance:66.. UUssiinngg tthhee ggrroouunndd ppiinn ooff tthhiiss ffuueell iinnjjeeccttoorr aatt tthhee HHDDEEVV,, rreeccoorrdd tthhee vvoollttaaggee vvaalluuee wwiitthh::
 TThhee eennggiinnee nnoott rruunnnniinngg ((iiggnniittiioonn oonn)).. VVEEnnggiinnee rruunnnniinngg aatt iiddllee ssppeeeedd.. VVRReevv eennggiinnee uupp ttoo 22000000 rrppmm.. VV
 77.. UUssee tthhee MMFFKK 22 ccaabbllee ttoo oobbsseerrvvee aa ssccooppeeppaatt--
 tteerrnn ffrroomm tthhee ssaammee ppiinn aanndd rreeccoorrdd tthhaatt ppaatt--tteerrnn oonn tthhee rriigghhtt ((eennggiinnee aatt iiddllee ssppeeeedd))..
 HHiinntt:: SSttaarrtt oouutt wwiitthh aa ssccooppee sseettttiinngg ooff 1100HHzzaatt 110000 VV ffoorr MMFFKK 22 ((CChhaannnneell BB))..
 IInnccrreeaassee tthhee eennggiinnee ssppeeeedd ttoo 22000000 rrppmm aanndd oobbsseerrvvee ppaatttteerrnn..
 HHDDEEVV aaccttiivvaattiioonn ((ssaammppllee sshhoowwnn ttoo tthhee rriigghhtt)):: 1. Premagnetization time
 2. Booster phase
 3. Starting current phase
 4. Holding current phase
 KT-9743
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 Emissions Management - N73B60 Low Emission Vehicle (LEV)
 Oxygen Sensors: The N73 engine is fitted with a total of four oxygen sensors. One pla-nar broadband oxygen sensor (constant characteristic curve), which regulates the fuel-airmixture, is located upstream of each of the two catalytic converters. The catalytic converterassemblies are integral with the exhaust manifolds.
 There is a post catalytic converter sensor(Bosch LSH25) for each cylinder bank posi-tioned downstream of the catalytic converterwhich monitors the catalyst efficiency.
 This monitoring means that if the exhaust gasconcentration is too high, a fault code isstored. The post catalyst sensors can alsodetect an emission relevant fault in a pre-cat-alyst oxygen sensor.
 Bosch LSU Planar Wideband Oxygen Sensor: The N73 engine is equipped with planarwideband oxygen sensors (pre-catalyst). The sensor is planar shaped (type of construc-tion) which is more compact and is made up of thin layers of zirconium dioxide (ZrO2)ceramic films. This modular lamination structure enables the integration of several functionsincluding the heating element which ensures the minimum operating temperature (750 ºC)is reached rapidly.
 In contrast to conventional oxygen sensors, the wideband features can measure not onlyat Lambda=1, but also in the rich and extremely lean range (Lambda=0.7 to completeatmospheric oxygen) very rapidly.
 The pump cell and reference cell are made of zirconium dioxide and each coated with twoporous platinum electrodes. They are arranged so that there is a measuring gap betweenthem. This measuring gap is connected by an inlet opening to the exhaust gas. The pumpcell is controlled by the ECMs applying voltage to the electrodes to initiate oxygen ionpumping across the porous membrane of the reference cell, providing a quicker responsetime.
 The pump current flow is proportional to the oxygen concentration (lean) or the oxygenrequirement (rich). The pump is constantly working to maintain that the gas composition inthe measuring gap is constantly at Lambda=1.
 N73 Oxygen Sensors
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Bosch LSU Planar Wideband Oxygen Sensor
 11.. IIss tthheerree aa TTeesstt PPllaann aavvaaiillaabbllee ffoorr tthhee LLSSUU ooxxyyggeenn sseennssoorr??
 22.. SSeelleecctt CCoonnttrrooll UUnniitt FFuunnccttiioonnss ((MMEEDD 99..22..11)),, DDiiaaggnnoossiiss RReeqquueessttss.. IIss tthheerree aa ssttaattuuss uunnddeerr tthhee ““PPaarrtt FFuunnccttiioonnss”” ccoolluummnn ffoorr oobbsseerrvviinngg tthhee LLSSUU ooxxyyggeenn sseennssoorr??
 LLiisstt tthhee ssttaattuuss tthhaatt aappppllyy ttoo tthhee ooxxyyggeenn sseennssoorr::
 33.. UUssiinngg tthhee DDIISSpplluuss vvoollttmmeetteerr,, ccoonnnneecctt MMFFKK22 ttoo tthhee ffuullll cciirrccuuiitt ooff tthhee ooxxyyggeenn sseennssoorr.. ((ffoorr eexxaammppllee:: ppiinn 1133 ttoo ppiinn 2200 aatt EECCMM 11 ooff LLSSUU bbaannkk 11)).. SSttaarrtt eennggiinnee aanndd aallllooww wwaarrmmuupp..
 SSeelleecctt CCoonnttrrooll UUnniitt FFuunnccttiioonnss ((MMEEDD 99..22..11)),, DDiiaaggnnoossiiss RReeqquueessttss.. UUnnddeerr tthhee ““PPaarrtt FFuunnccttiioonnss”” ccoolluummnn ffoorr tthhee LLSSUU ooxxyyggeenn sseennssoorr,, sseelleecctt:: OOxxyyggeenn--sseennssoorr ccoonnttrrooll,, OOxxyyggeenn--sseennssoorr ccoonnttrroolllleerr,, LLaammbbddaa vvaalluuee,, AAddddiittiivvee llaammbbddaa aaddaappttaattiioonn aanndd MMuullttiipplliiccaattiivvee llaammbbddaa aaddaappttaattiioonn -- nnooww sseelleecctt ““DDiissppllaayy””..
 Ask the Instructor for assistance:
 44.. WWiitthh tthhee eennggiinnee rruunnnniinngg aanndd tthhee vvoollttmmeetteerr ddiissppllaayyeedd,, iinnttrroodduuccee aa vvaaccuuuumm lleeaakk..
 WWiitthh tthhee MMiinniimmuumm//MMaaxxiimmuumm ffeeaattuurree sseelleecctteedd,, oobbsseerrvvee tthhee vvoollttaaggee vvaalluuee aanndd rreeccoonnnneecctt tthhee hhoossee..
 WWhhaatt iiss tthhee mmiinniimmuumm?? VV mmaaxxiimmuumm?? VV
 55.. SSlloowwllyy ddiissccoonnnneecctt tthhee hhoossee aanndd aallllooww tthhee eennggiinnee ttoo rruunn ffoorr aapppprrooxxiimmaatteellyy 11 -- 22 mmiinnuutteess..UUnnddeerr tthhee ““PPaarrtt FFuunnccttiioonnss”” ccoolluummnn ffoorr tthhee LLSSUU ooxxyyggeenn sseennssoorr,, rreeccoorrdd tthhee vvaalluueess ffoorr::
 OOxxyyggeenn--sseennssoorr ccoonnttrrooll AAddddiittiivvee llaammbbddaa aaddaappttaattiioonnOOxxyyggeenn--sseennssoorr ccoonnttrroolllleerr MMuullttiipplliiccaattiivvee llaammbbddaa aaddaappttaattiioonnLLaammbbddaa vvaalluuee
 Caution: Do not conduct this test for longer than 5 minutes! (allow engine to cool)
 66.. WWhhaatt ddoo tthhee vvaalluueess ffrroomm qquueessttiioonn 55 iinnddiiccaattee??
 28MED 9.2.1- Workbook
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 Performance Controls
 Exhaust Flap: The 12.6 liter rear silencer (4) is fitted with an exhaust flap to keep noise toa minimum at engine idle speed and low rpm. The flap provides exhaust efficiency basedon two effects:
 • Minimization of the cross section (slight back pressure) and the outlet noise level at low exhaust flow rates
 • Large cross-section with low backpressure at high speeds and loads
 The exhaust flap is ooppeenneedd allowing additional flow when:
 • The transmission gear is engaged aanndd
 • The engine speed is approximately above 1,500 rpm
 A vacuum controlled diaphragm (2 - actuator mounted on the silencer) opens and closesthe exhaust gas flap. The vacuum is supplied from the camshaft driven vacuum pump.
 The exhaust flap is opened with vacuum, and is sprung closed by the actuator (when vac-uum is not present). The procedure is carried out using a solenoid valve (1) which is elec-trically controlled by the ECM and located in the left rear luggage compartment (below thelight assembly).
 kt-9615
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 Exhaust Flap
 11.. SSeelleecctt CCoonnttrrooll UUnniitt FFuunnccttiioonnss ((MMEEDD 99..22..11)),, DDiiaaggnnoossiiss RReeqquueessttss.. IIss tthheerree aa ssttaattuuss uunnddeerr tthhee ““PPaarrtt FFuunnccttiioonnss”” ccoolluummnn ffoorr oobbsseerrvviinngg tthhee ““MMeessssaaggeess aanndd RReessuullttss””??
 IIss tthheerree aa ““CCoommppoonneenntt AAccttiivvaattiioonn”” ffeeaattuurree ffoorr tthhee eexxhhaauusstt ffllaapp??
 22.. IIss tthheerree aa TTeesstt PPllaann aavvaaiillaabbllee ffoorr tthhee eexxhhaauusstt ffllaapp??
 33.. IIff ssoo,, ddooeess tthhee eennggiinnee nneeeedd ttoo bbee rruunn?? WWhhyy??
 44.. WWhhaatt aarree tthhee ppiinn aanndd ccoonnnneeccttoorr nnuummbbeerrss aatt tthhee EECCMM ffoorr tthhee eexxhhaauusstt ffllaapp ssoolleennooiidd aaccttii--vvaattiioonn??
 PPiinn CCoonnnneeccttoorr
 55.. WWhhiicchh EECCMM ccoonnttrroollss tthhee eexxhhaauusstt ffllaapp ((11 oorr 22))??
 AAddddiittiioonnaall nnootteess::
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