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Introduction

Thank you for choosing a Mercedes-Benz product.

These Operating Instructions describe the MR2A and MR2B engine control units and are intended to help you under-
stand the technology contained in these control units. It also provides you with important information regarding di-
agnosis and any troubleshooting procedures that you may need to carry out.

You can obtain assistance and advice at any time from a Mercedes-Benz Service Center.

These Operating Instructions also make reference to the Operating Instructions for the "MR-PLD engine control unit®.
Please keep these accessible.

Mercedes-Benz is constantly updating its engine control units to the state of the art and therefore reserves the right
to introduce changes in design, equipment and technical features. You cannot, therefore, base any claims on the da-
ta, illustrations or descriptions in these Operating Instructions.

Mercedes-Benz AG
A Daimler AG company.
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Safety

Key to symbols

The following symbols are used in this document to indicate different types of information notices.

GRisk of injury

This symbol is used for all safety notices where there is a direct risk of injury or death to humans should these notices be dis-
regarded.

Important

This symbol is used for all safety notices where there is a principal risk of material and functional damage should
these notices be disregarded.

Note
This symbol is used for tips and notes.

HEnvironmental notice

This symbol is used for tips and information on environmental protection.

General

GRisk of injury

Incorrect changes to parameters or work carried out incorrectly on the wiring may change the behavior of the engine or the
vehicle substantially. Persons could be injured or property damaged as a result.

The engine control unit, as engine control system MR2, determines how the engine and vehicle operate. Functions
such as the precise electrical actuation of the unit pumps by means of solenoid valves, fuel injection, fault detection,
engine protection, limp-home mode, diagnosis, etc. are critical to safety.

The MR2 control unit has been developed and tested in accordance with the Mercedes-Benz Guidelines for Opera-
tional Reliability and EMC Performance. The vehicle manufacturer or other user has sole responsibility for observing
and checking regulations and legal conditions applicable to the vehicle or the application.

Proper use

The Mercedes-Benz engine and control unit MR2 are exclusively intended for the purpose that has been specified in
the contract. Any use that differs from or goes beyond the intended use is regarded as improper use.

Mercedes-Benz Truck Group accepts no liability for any damage caused as a result.
The manufacturer of the complete machine /vehicle bears sole responsibility for any damage resulting from such use.
This Operating Instructions for the MR2 and the vehicle Owner's Manual must be observed.

Requirements of personnel

Work on the electrical system and parameter setting operations may only be carried out by suitably trained personnel
or personnel who have been trained by Mercedes-Benz and by specialist personnel in workshops authorized by Mer-
cedes-Benz.
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Safety

Converting and modifying the MR2 control unit

Unauthorized modifications to the MR2 control unit may impair the function and safety of the engine or vehicle/ma-
chine. No liability is accepted for any resulting damage.

Installation

The installation guidelines and notes from Mercedes-Benz must be followed.

Organizational actions

These Operating Instructions are to be issued to personnel working on the MR2 and, where possible, should be kept
readily accessible.

With the aid of these Operating Instructions, personnel should be shown how to handle the MR2 control unit. In par-
ticular, the safety instructions relating to the engine must be explained. This particularly applies to personnel who
only carry out occasional work on the engine and the MR2.

In addition to these Operating Instructions, the generally applicable national, legal and otherwise binding regulations
relating to accident prevention and environmental protection must be observed.

Safety precautions for engines with electronic control units

GRisk of accident and injury
When first commissioning the engine electrical system, the drive train must be open, i.e. the transmission must be shifted to
neutral.

Wiring faults or inappropriate parameter settings could cause the engine to start unintentionally. If the drive train is closed (i.e.
if the transmission is not in neutral), the vehicle could be inadvertently set in motion or the working machinery could start op-
erating as a result, thereby endangering human life.

Important

The following safety precautions must be followed in order to avoid damage to the engine, components and wiring
harness and to prevent personal injury:

* Only start the engine if the batteries are securely connected.

* Do not disconnect the batteries with the engine running.

* Only start the engine if the speed sensor is connected.

* Do not start the engine using a rapid charging device. Always use separate batteries when jump-starting.

* When rapid-charging the batteries, the battery cable terminals must be disconnected. Follow the operating instruc-
tions for the rapid charging device.

* When carrying out electric welding work, the batteries must be disconnected and the two cables (+ and -) must be
securely connected to each other.

* The electrical system must be switched off when carrying out any work on the wiring and when connecting and
disconnecting connectors.

* When first commissioning the engine, it must be possible to switch off the power supply to the engine control (MR)
and the vehicle electronic control system (MR2 or FRE) in the event of an emergency.

* Due to wiring faults, it might not be possible to switch off an engine when it is running.

* If the control unit supply voltage has incorrect polarity (caused, for example, by incorrect polarity of the batteries),
the control units may be destroyed.

* Ensure that connections to the injection system are tightened to the specified tightening torque.

* When carrying out measurements at connections, ensure that the appropriate test cables (Mercedes-Benz connec-
tion set) are used.

Important

If temperatures over 80 °C are expected (such as the temperatures encountered in drying ovens), the control units
must be removed, as they may be damaged at these temperatures.

12
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Important

Telephones and two-way radio sets that are not connected to an external aerial may cause malfunctions in the vehi-
cle electronics and thereby endanger the operational reliability of the engine.

Original Mercedes-Benz parts
Original Mercedes-Benz parts are subject to the strictest quality controls and guarantee optimum functionality, safety
and value retention. Each part is specially designed, manufactured, selected and approved for Mercedes-Benz.

Therefore Mercedes-Benz accepts no responsibility whatsoever for any damage caused as a result of the use of parts
and accessories that do not meet these requirements.

In the Federal Republic of Germany and in some other countries, certain parts, for example safety-related parts, are
only approved for installation and conversion if they comply with legal regulations. Original Mercedes-Benz parts
meet these requirements in every instance.

If other parts that have not been tested and approved by Mercedes-Benz are used, it is not possible, despite ongoing
market investigations, to evaluate and guarantee these parts - even if, in individual cases, these parts have been ac-
cepted or officially approved. Mercedes-Benz may therefore unilaterally limit any warranty claims.

Under the legal warranty terms, any faulty units must be returned to the Mercedes-Benz field organization.

Safety and limp home program

The MR2 and FRE electronic control units monitor the engine and perform self-checks. As soon as a fault is detected
an assessment of the fault is carried out and one of the following measures implemented automatically:

* Faults are displayed during operation by actuation of warning lamps.

» Switchover to a suitable substitute function that enables the engine to continue running, but in restricted mode
(e.g. constant limp-home rpm).

Important

Have faults rectified immediately at an authorized Mercedes-Benz Service Station.

Fault codes

For a list of fault codes and remedial actions for the MR2 control unit, see Page 121 onwards.

Note

The diagnostic version DiagV9 is being replaced by diagnostic version DiagV28.

Note

Fault codes can be read out via the Daimler AG diagnostic tester (minidiag2) which is connected to the 14-pin di-
agnostic socket (unit side).
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List of abbreviations

List of abbreviations

ADR
AGN
EGR
AKL
ASP
ATG
AVD
BK
BR
CAN
CONAS
CRT
cs
DKL
DOC
DPF
ECU
EHM
EMC
EOL
EPW
EZA
FB
FDOK
FLA
FPS
FR/FRE
FRT
FSP
FW
GMA
HB
HFL
HW
ID
IES
IMO
INS
KD/KDR
KF
KL

Working speed control (ArbeitsDrehzahlRegelung)

Exhaust gas aftertreatment (AbGasNachbehandlung)
Exhaust Gas Recirculation

Exhaust flap (AuspuffKLappe)

Working cycle (ArbeitsSPiel)

MB Mercedes-Benz automatic transmission (AuTomatikGetriebe)
Automatic compression detection (Automatische VerdichtungsDetektion)
Exhaust brake valve (BremsKlappe)

(Engine) model series (BauReihe)

Controller Area Network

CONfigurable Application System

Continuous Regeneration Trap

CheckSum

Throttle flap (Drosselklappe)

Diesel Oxidation Catalyst

Diesel Particulate Filter

Electronic Control Unit

Engine History Map

ElectroMagnetic Compatibility

End Of Line

Electropneumatic converter (ElektroPneumatischer Wandler)
Individual cylinder adjustment (EinzelZylinderAbgleich)

Start of delivery (ForderBeginn)

Vehicle documentation system (Fahrzeug-DOKumentationssystem)
Flame starting system (FLammAnlage)

Accelerator pedal sensor (FahrPedalSensor)

Vehicle control electronics (FahrzeugRegelElektronik) (e.g. ADM, ADM2, VCU, FR/FMR, UCV, CPC)
Free running message (Free Running Telegramm)

Fault memory (FehlerSPeicher)

Angle of delivery (FérderWinkel)

Base torque adaptation (GrundMomentAdaption)

High Byte

Heater flange (HeizFLansch)

HardWare

IDentifier (CAN message)

Integrated Electronic System

Industrial engines (IndustrieMOtoren)

INStrument

Constant throttle (KonstantDRossel)

Map (KennFeld)

Characteristic curve (KennLinie)
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KO
K-line
KW

LB

LL /LLR
LRR

LK

LS

MBR

MiI
MOS-FET
MR
MS/MTS
MU

Mv

MZA
NACK
n.d.

cv

NW
OAB

oM

TDC

PFA

PID

PLD
Prop/PV
PWM
RM

SCR
SCR(CR)T
SRC
SEG

SG / Stg.
S.n.a.
SK

STG

Sw

TG

TN

List of abbreviations

Constant (KOnstante)

Communications line (K = Kommunikation) (serial)

Crankshaft (Kurbelwelle)

Low Byte

Idling/1dling speed control (LeerLauf/Leer Lauf Regelung)
Smooth-running controller (Lauf Ruhe Regler)

Lightweight (vehicle) class (of MB commercial vehicles) (Leichte Klasse)
Low Speed (CAN)

Engine brake (MotorBRemse)

Malfunction Indicator

Metal Oxide-Semiconductor Field-Effect-Transistor

Engine control (MotorRegelung) (e.g. MR2 or MR-PLD)

Engine protection (MoTorSchutz)

Monitoring Unit

Solenoid valve (MagnetVentil)

Mechanical supplementary charging (Mechanische ZusatzAufladung)
Negative control unit ACKnowledge

not defined

Commercial vehicle

Camshaft (NockenWelle)

Oil trap (OelABscheider)

Oil engine (OelMotor)

Top Dead Center

Particulate filter system (PartikelFilterAnlage)
Parameter IDentifier (diagnostics) or Proportional Integral Differential controller
Pump-line-nozzle (Pumpe-Leitung-Diise)
Proportioning Valve (power output)

Pulse Width Modulation

Frame module (Rahmenmodul)

Selective Catalytic Reduction

Selective Catalytic Reduction Trap

Signal Range Check

SEGment

Control unit (SteuerGerat)

Signal not available

Heavy (vehicle) class (of MB commercial vehicles) (Schwere Klasse)
Manual transmission (SchalTGetriebe)
SoftWare

Test device (TestGerét)

(CAN) user (TeilNehmer)
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TPC
BDC
VTG
ws
WSP
CYL

TransPonderCode

Bottom Dead Center

Variable Turbine Geometry
Maintenance system (WartungsSystem)
Immobilizer (WegfahrSPerre)

CYLinder

List of abbreviations
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Brief description

The MR2 diesel engine control unit

The MR2 control unit is an electronic diesel injection system for engine model series 500, 900 and 4000. The control
unit's main task is the precise electrical actuation of the unit pumps. The optimum start of injection and optimum
injection quantity are calculated as a function of engine and environmental conditions (such as requested torque, en-
gine speed, atmospheric pressure, charge air pressure, oil pressure, coolant temperature, fuel temperature). The
start and duration of injection are controlled cylinder-selectively by means of solenoid valves.

The control unit also provides functions such as fault detection, limp-home options, diagnosis and interfaces to other
control systems. As of the MR2B 1.2 hardware release, the control unit also incorporates exhaust gas aftertreatment
control (SCR process), including communication with the SCR-RM control unit.

The MR2A (backward compatible with PLD-D3.1) and MR2B hardware versions have different pin assignments and
functionalities; however, since most features are common to both, they are described jointly in these Operating In-
structions and respective differences are pointed out separately.

Control unit operating principle

Fahrzeug- Steckpumpe 1
elektronik .

Steckpumpe 8

Sensoren \

Applikations- /' Proportionalventile
system (PV)

Starter \ Start-/Stop-Taster

Abgasnachbehandlung

ionsprinzip

Datum: 12 Mar, 2004
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Brief description
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Brief description

Connecting the MR2 control unit to the vehicle

ABS |Anti-lock braking system FLA Flame starting system
ADR |Working speed control ISO International Organisation for Standardization
FRE |Vehicle control electronics WA éi(;it:ae||;/:t|::n?;;p;§c(§or automatic transmissions, customer-spe-
ASR |Acceleration skid control MBR Engine brake
BGR |Restrictions MR2 Engine control 2 (pump-line-nozzle injection system)
Frg |Footthrottle actuator (driving orl g p 11939 [1iah speed CAN (vehicle-side)
rpm instruction)
@' @' ® @ [ Anzeigefunktion
® @ | Instrumente
e.g. SAE J1939
Tester, “ K-Leitung - S ———
Diagnose- — .
werkzeug | pjagnose ;
ABS/ Retar- G_e-
Z_ FFG [ F RE ASR | |der tricbe | | mus
(Fahrzeugregel-
. [+l
o |€lektronik) >
—~ ADR 12124V IWA
—~BGR
MBR- Schalter . i FLA
ABS- Eingang _-
M-CAN
q
m
Diagnose K-Leitung
Note

For the purpose of clarity, the abbreviation "FRE" is used in this document to refer to various vehicle control systems (ADM/
ADM2, VCU, FR-FMR, UCV, CPC etc.).
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Brief description

Configuration

The electronic system is split into two separate subsystems, each of which can be tested separately.

The FRE control unit mounted in the cab controls the sensors and actuators located in the cab or attached to the
vehicle frame and contains all the functions relevant to the vehicle.

Control unit MR2, mounted on the engine, controls all the sensors and actuators attached to the engine and contains
the functions that are critical for engine operation.

Both control units are connected with each other by means of a bus connection (CAN) with "single-wire capability".
The respective FRE specifies setpoints and engine operating mode (e.g. idle speed increase, engine-speed regulated
engine running characteristics in accordance with nominal speed, torque limitation, selectable control characteris-
tics, engine braking torque, etc.) via the CAN.

In addition, information on the engine's instantaneous operating state (e.g. flame starting system) is sent in the op-
posite direction, from the MR2 control unit to the FRE.

Advantages:

* Precise electrical actuation of the unit pumps via solenoid valves

* The number of connections on the engine is reduced to the engine-related ones

* The vehicle connections are located in the less critical cab environment (high acceleration and temperature loads
are encountered in the engine environment)

* Fewer connecting lines between engine and vehicle (reduced to the CAN connection which is less critical in terms
of EMC) - particularly advantageous in buses because the controls are located a long way from the engine

* The computers are only occupied with the tasks and functions of the respective system (the MR2 computer is en-
tirely dedicated to engine management and is not occupied with any vehicle functions)

* Modular expansion of the system's electronics is possible by means of additional modules connected via the bus
system.

Concept flexibility

Since each subsystem is a self-contained system and can be tested as such, it is possible to replace the respective
engine with a different design engine of the same power category (e.g. a PLD engine can be replaced with a common
rail engine) without having to change the parameter settings in the vehicle control unit (FRE).

4,5, 6 and 8-cylinder engines can be operated with the same MR2. Additional engine equipment, such as VTG, waste-
gate, high-speed fan drive, etc., can be closed-loop or open-loop controlled or switched via 6 PWM outputs on the
MR2. An additional switch output is reserved for starter actuation.

The functional requirements of other electronic systems, such as ABS, ASR, EPB, electronic drive control, automatic
transmission, retarder, etc., are managed via vehicle CANs, such as the IES CAN, and coordinated and processed for
the engine electronics (MR2) in the FRE.

Safeguards/redundancy:

The MR2 is designed as a 2-computer system. This means that if the main computer fails, the emergency computer
takes over the actuation of the solenoid valves on the unit pumps. Engine speed is then constant (at approx. 1300
rpm). This redundancy feature (namely that if a "functional component" should fail there is at least one other func-
tional component available to take over) also applies to the solenoid valves (unit pumps), rpm sensors, starter actu-
ation and engine CAN (single-wire capability). In addition, the electronics are fitted with a "watchdog" function,
extensive self tests are continually being carried out and reciprocal monitoring with the FRE is also implemented.

22



Brief description

Description of the inputs:
* 9 temp. inputs for coolant, oil, fuel, charge air 1 and 2, AdBlue, EGR, ambient air and control unit (internal sensor)

* 6 pressure inputs for atmospheric pressure (via internal sensor), charge air pressure, oil pressure (active and pas-
sive), compressed-air pressure and AdBlue pressure

* 1input for oil level
* 1input for air humidity
* 2 spare analogue inputs

* 2 binary inputs for -the service start and stop buttons in the engine compartment, see also "Engine start and stop*®,
Page 25

* 2 inputs for crank angle and cam angle measurement
* Holes, slots or teeth (spec. pulse wheel) and lugs can be used as engine marks (observe correct polarity).

Description of the outputs:
* 4/8 outputs for unit pumps (fewer are possible)
* 1 output for starter actuation

* 6 (8 for MR2B release) further PWM modulated multi-function outputs for actuating other components such as
high-speed fan drive, wastegate, viscous clutch, etc

* The outputs can be assigned by parameter input, see also "Proportioning valve actuation®, Page 68.

Relationship between MR2 and FRE

Communication

The FRE sends requests to the MR2 via the CAN, such as:

* Torque request by means of accelerator pedal instruction (controlled mode, i.e. normal driving)
» Working speed governor type (total of 5 types)

* In the case of working speed regulation mode: nominal speed and max. torque.

The MR2 sends the following data to the FRE:

* Measurements (sensor values) such as rpm, temperature, pressure, etc.

* Feedback of operating mode.

Note

Should the CAN fail completely, e.g. if there is a line break, no communication between the FRE and MR2 is possi-
ble. In this case, MR2 switches to a limp home program. If just one of the two control/data lines fails, then com-
munication can still be maintained via the remaining line and ground (single-wire operation).
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Brief description

MR2 <=> FRE coupled functions

Idle speed/engine speed/maximum speed control
* Selection of rpm governor:
The FRE determines the operating mode of MR2 through selection of the rpm governor.

Governor structures are implemented for idle speed control- (type 15 "LL") and for working speed control (type 0
- type 5; type 0 internal only). MR2 informs FRE of its current operating mode via the CAN.

* |dle speed control/driving:

If the FRE does not request any working speed control, this means normal driving mode. The engine is controlled
by the accelerator pedal. Idle speed and max. governed rpm are regulated by the idling speed governor and the
maximum speed governor.

The FRE is able to increase the idle speed setpoint by sending an "Increased idle speed" instruction. The instruction
is restricted by the MR2's maximum governed rpm.

The MR2 transmits the current idle speed via the CAN (16 rpm/bit).
* Working speed control:

If the FRE requests a valid working speed governor and specifies a plausible rpm setpoint for this and a valid engine
torque setpoint for limiting the governor, engine-ON mode will switch to working speed control.

The control torque is limited by restricting the power output ("corrected limit torque"). The rpm setpoint is limited
by the current idle rpm and the current maximum governed rpm.

* Maximum engine speed control:

The FRE is able to reduce the configured max. governed rpm down as far as the MR2's internal idle speed by send-
ing a valid "Maximum engine speed" instruction.

The subsequently calculated engine speed is sent back to the FRE as the "current max. governed rpm". Maximum
speed control limits the engine speed to the current maximum value regardless of operating mode.

Shutting off or throttling the engine via the FRE
Engine braking:
* Case 1:

The constant throttle (MBR-KD) and exhaust brake valve (MBR-BK), if present and parameterized, are actuated pri-
marily by the FRE. The FRE informs the MR2 of the status. The MR2 is able to request the constant throttle and/
or the exhaust brake valve.

e Case 2

The mechanical supercharger is actuated by the MR2. Here, the FRE requests the MR2 to operate the engine
brake. The MR2 informs the FRE as to whether the mechanical supercharger is switched on or available.

In both cases, no fuel is injected when the brake is active; the controller is deactivated.

Once the braking function is no longer active, injection remains suppressed for a specific period of time. The FRE
torque instruction is then enabled via a factory-set increase.

Engine stop, zero quantity:
If an engine stop request is sent to the MR2 via the CAN, fuel injection is suppressed.

Starter actuation starting lock, zero quantity:
If a starting lock is sent to the MR2 via the CAN, fuel injection is likewise suppressed and the starter is locked.

24



Brief description

Engine start and stop
Essentially, there are two different forms of engine start actuation (starter types). Corresponding parameter setting
determines which one is selected .

1. Starting by MR2 (default setting/JE starter)

1. External starting (not by MR2 /KB starter)

Starter actuation (conditions)

If the appropriate parameters are set, the engine control unit (MR2) actuates the engine starter by means of a relay.
A redundant output stage is provided for this purpose (multiple protection). Four input signals (start sources) are able
to trigger starter actuation:

* Terminal 50 signal, engine control unit input

* Terminal 50 signal from engine CAN

» “External start” signal from engine CAN

» Service start button on engine, engine control unit input.

In addition, the following voltages must be applied or switched in parallel at the MR2 and FRE for an engine start:
* Terminal 30 supply voltage

e Terminal 15 ignition.

Once the minimum engine speed of 50 rpm is reached, fuel injection via the unit pumps is enabled. The starter de-
meshing speed varies depending on engine and temperature. When terminal 15 ignition is switched on, the controller
initialization period is around 300 ms. The terminal 50 button should not be actuated beforehand. During the starting
procedure, the voltage supply is permitted to drop to a certain "limit"; if it drops below this threshold, the starter reset
jumper prevents the starter from being actuated (fuel injection is also suppressed).

Starter protection
For safety reasons, the starter is either locked, switched off or disengaged in the following conditions:
* The engine cannot be started when terminal 50 is actuated with terminal 15 ignition switched off

* The is automatically disengaged if the factory-set maximum engine speed for starter operation is exceeded, there-
by protecting the starter from damage caused by overspeeding

* The maximum starting period is limited; consequently a starting lock is implemented when the permissible period
is exceeded in order to prevent the starter from burning out. The starting procedure can commence again after a
delay (at the earliest one second after the starter has been switched off)

» A starting lock is implemented for as long as engine speed remains above 50 rpm ("engine running" status)
* The engine is running and the starter is not engaged ("engine running" status)
* The starting lock from the CAN is active

* On a vehicle with automatic transmission, the engine can only be started if the "neutral" input is activated on the
FRE

* The starter is also locked if the KB starter parameter is set in the engine control unit (MR2). In this case, the text
"Starter type KB" will appear in the starter status display®.

* The starter cannot be activated if three short circuit events have been detected at the starter output stage output.
In this case, the text "Starter short circuit" will have already appeared in the starter status display after the first
event.

For safety reasons, the signal that triggered a start must be received back again before another start based on the
same signal is possible (lock).
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Driver start

Provided the starter is not locked a "Driver start" can be initiated via the terminal 50 signal at the engine control unit
(MR2) input. A driver start has priority over all other start signals. If the MR2's terminal 50 signal is present but the
"Terminal 50" signal from the CAN is not active, the fault "Terminal 50 inconsistent" is stored in the fault memory
after one second and the start is delayed by this amount of time (see also the paragraph "Terminal 50 plausibility
check"). MR2's terminal 50 signal is ignored if this has already been detected as ON during the control unit ramp-up.
This prevents an uncontrolled start, for example if there is a conductor-to-conductor short circuit between the termi-
nal 15 and terminal 50 lines. The exception to this is the starter reset jumper (see section of the same name).

CAN start

Provided the starter is not locked, a "CAN start" can be initiated via the "Terminal 50" or "External engine start" sig-
nals by the engine CAN. If the terminal 50 signal from the CAN is present, but the MR2 has not detected its own ter-
minal 50 signal as ON, the fault "Terminal 50 inconsistent" is stored in the fault memory after one second and the
start is delayed by this period of time; see also "Terminal 50 plausibility check" on Page 28. A start, e.g. via the "Pro-
grammable Special Module|" (PSM) can be initiated directly via the "External engine start" signal from the CAN.

Starter reset jumper

In cold starting conditions, particularly on 12 V systems, it is possible that the engine control unit (MR2) may execute
a reset and start up again because of an excessive drop in starting voltage. To guarantee engine starting in this situ-
ation, a so-called starter reset jumper has been implemented.

If an engine start has been regularly initiated via the terminal 50 signal and no short circuit occurred, the engine con-
trol unit stores corresponding temporary starting information. If the engine control unit now detects a "warm start"

(control unit starts up and detects that the power-down had not been ended previously) and if the temporary starting
information is also detected, the starter's emergency branch is not locked, as is usually the case, but instead is en-
abled up to the "end of warm start". At that point, provided the start signal remains valid, starter actuation is switched
to the main branch. The starter remains engaged and an engine start can now be performed. The starting information,
along with the warm start ID, are deleted when control unit power-down is completed. Another item of information,

likewise of a temporary nature, deactivates the immobilizer in the event of a starter reset jumpering, provided it was
possible to deactivate it before the drop in starting voltage.

Starter output stage

The starter output stage has multiple redundancy. The so-called main branch consists of two transistors connected
in series and supplied with voltage from the battery. In normal situations, the starter is actuated via this main branch.

The so-called emergency branch is fed via terminal 50 and may be enabled during a terminal 50 start if, for example,
the main branch is faulty. The emergency branch is also used if the main computer of the engine control unit is faulty.
As the emergency branch does not have any short-circuit protection on the hardware side, it is only ever used after
the main branch has been activated and if no signal has been detected via the main branch.

The main computer is able to activate the main branch (STA1 und STA2) and lock or enable the emergency branch
(STA-EMERG). Fault detection is done by means of level measurement at the starter output stage output (STA-level)
and by short circuit detection (STA-short-circuit detection) in the main branch.
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CAN start by the vehicle control electronics (FRE)

The FRE starts the engine directly via the CAN if it sends a start request to the MR2 via the CAN and if the MR2 has
not received a signal from the service start button on the engine block or if it does not detect terminal 50 as ON. In
this situation, the engine is started with a delay of 1 second, provided this is permitted (neutral).

Note

The FRE has a higher priority than the MR2 because it is located in the protected area of the cab and is therefore
not exposed to any external influences (temperature, dirt, etc.).

The starter is disengaged if a condition is met or if terminal 50 or the service start button is switched ON and then
OFF again.

Starting procedure

To ensure safe starting and keep emissions as low as possible, engine starting is performed regardless of the accel-
erator pedal position.

Start quantities and start of delivery are determined from maps as a function temperature and rpm.

The start quantity is increased if required. Likewise starting is aborted if the maximum starting period is exceeded
(starter protection).

Service start button on engine block

GRisk of injury
For safety reasons, the engine cannot be started by the vehicle control electronics (FRE) via the service start button on the
engine block if a gear is engaged. It is only possible to start the engine via the service start button on the engine block if the

transmission is in neutral and the engine CAN is intact (starting is not possible in CAN limp home mode and when operating
without a CAN).

If the starter is not locked (see Page 25), a "button start" can be initiated by the engine control unit (MR2) via the
service start button on the engine block if the ignition is switched on.

When the service start button on the engine block is pressed, the MR2 requests an engine start via the CAN. The FRE
checks if this is permissible (e.g. transmission in neutral, etc) and confirms the request. The MR2 then actuates the
starter.

The starter is disengaged if the service start button on the engine block is released or the starter protection function
is active (see Page 25). If the service start button on the engine block is released and the start request from the CAN
(MR2 =>FRE) is still active, this request is ignored until cancellation ("CAN start lock"). This prevents the starter func-
tion from being maintained.

Service stop button on the engine block

The engine can be switched off via the service stop button on the engine block. The FRE is informed of the engine
stop (engine stop, zero quantity).

Cranking the engine via the service start and stop buttons

If the engine is started via the service start button and the service stop button is pressed at the same time, the engine
can be cranked with the aid of the starter without injecting any fuel. Fuel injection is enabled again if either both but-
tons are released and the engine comes to a standstill or the service start button on the engine block is pressed for
at least two more seconds after the stop button has been released.
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Revving the engine via the service start button

The idle speed can be increased up to the current max. governed rpm via the service start button on the engine block.
This requires the engine to have been started by pressing the service start button on the engine block and then re-
leasing it again.

If the service start button on the engine block is then actuated again while the engine is running, the setpoint of the
idling speed governor is increased from the current speed to the current maximum governed rpm via a configurable
ramp.

When the button is release, the rpm setpoint immediately drops back to the actual idle speed. Once activated by a
start via the service start button on the engine block, the function remains active until the engine stops (speed =0
rpm). Pressing the service start button again on the engine block will again raise the setpoint from the current speed
to the current maximum governed rpm. There is no lag after the button has been actuated, the operator can feel the
engine's response immediately.

Stopping the engine
An engine stop can be initiated by the following two methods:
* Actuating the external stop button of the FRE:

The button must remain pressed until the engine stops. If the engine speed is more than 50 rpm, the engine will
start up again. As a result, the engine will not be stopped if you briefly press the engine stop button by accident.

e Terminal 15 ignition off (MR2 and FRE):

After the terminal 15 control inputs from the MR2 and FRE have been switched off, the terminal 30 power supply
must be present for approx. 10 more seconds. This enables the permanent fault memory to be written to in the
power-down phase. If terminal 30 is disconnected immediately, the data in the fault memory may be defective or
not current if a diagnosis is subsequently carried out on the controllers. When the engine is re-started, the control-
lers are checked for plausibility and any defective data are corrected.

Terminal 50 plausibility check

The fault "Terminal 50 inconsistent" indicates that the terminal 50 signal from the MR2 and the terminal 50 signal
from the CAN have been different for longer than one second. Actuation of the starter is delayed by this length of
time.

The check is not carried out:

* in CAN limp home mode

* if parameterized for operation without CAN

* if parameterized for the KB starter (starter not actuated by MR2)

e if there is a starting lock from the CAN

* if, within the first 500 ms after a control unit reset, one of the two terminal 50 signals is detected as "on"

* if the engine is started via the service start button on the engine block but has not (yet) been stopped via the ser-
vice stop button on the engine block.

In these cases, starter actuation, where permitted, is not delayed.
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Angle of delivery/start of delivery calculation
* Start of delivery calculation:

Depending on the operating status, the start of delivery is calculated for starting mode or for engine ON operation
as a function of the set torque.

 Start of delivery restriction:
The calculated start of delivery is limited to the current maximum permissible and a minimum permissible value.
* Angle of delivery calculation:

The angle of delivery is calculated from the pulse-width map as a function of the corrected set torque and, by
means of the unit pump actuation period, is a measure for injection quantity. Cylinder-selective torque corrections
(e.g. from the smooth-running controller, etc) are also carried out in this angularly aligned part of the torque con-
trols.

The engine's torque output is controlled via the foot throttle actuator (FFG), taking into consideration the engine op-
erating point.

To ensure that the engine is not overloaded, the torque request from the driver is subjected to a speed-dependent
power restriction.

Further restrictions are also imposed by the maximum speed control, smoke limiting (in accordance with engine
speed and calculated air mass) and engine protection functions. Finally, the fuel temperature and EOL detail correc-
tion are carried out.

The angle of delivery, which is a measure for the injected fuel quantity, is calculated from another map as a function
of engine speed and the restricted torque request from the driver.

The start of delivery, from which the start of injection results, is calculated as a function of the engine speed and the
torque request. Dynamic and static correction functions are implemented to ensure adaptation to the prevailing op-
erating conditions.

EOL detail correction

To compensate for production tolerances during engine manufacture a torque EOL (end of line) detail correction is
implemented in the MR2 engine control unit. A torque correction factor is calculated from an engine-speed depen-
dent characteristic curve, the factor being limited to a minimum and maximum permissible value ("permissible scat-
ter").

The set torque is evaluated using the resulting factor, with the correction having an effect across the entire map.

In case values are changed by an application, the EOL characteristic curve is stored permanently in the EEPROM by
switching off terminal 15. As a safeguard, a checksum is generated and stored as well. If the EEPROM is written to
or read incorrectly, the correction curve is reset.

Controls (PID controller)
Several controllers are implemented to regulate engine speed:
* Idle speed is regulated by a PID controller which is supported by a map

* Working speeds are regulated by other controllers with PID structures; their parameters are set in the data set
(cannot be changed by parameterization)

* A Pl controller, also with map support, is used to regulate maximum rpm.

Note

PID controllers are parameter-optimized controllers. Having fixed parameters, they can only be optimally set to one
(linearized) operating point.
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Typ

o Characteristics Application

PID controller Engine speed adjustment when gearshifting. Required
0 |1 set of parameters (fixed) Engine brake can be request-for:

ed - Exclusive DC development

PID controller Working speed control

2 parameter sets (fixed) for large signal and small signal| Standard working speed controller

PID controller
2 |Parameters are controlled by characteristic line Very dynamic applications e.g. concrete pumps
1 set of parameter characteristic curves

PID controller

3 i set parameters (fixed) Working speed control 25 % more dynamic than type 1
4 |Corresponds to type 3 working speed control Working speed control 25 % weaker than type 1
5 |Corresponds to type 1 working speed control Working speed control 50 % weaker than type 1

Operating modes

Working speed control

Working speed control mode is specified by the vehicle control electronics (FRE). Different speed governors are re-
quired, depending on the application.

Controlled operation (normal operation)
If the engine receives signals from the accelerator pedal, this operating mode is referred to as "controlled operation".

Immobilizer

The immobilizer operates by means of so-called transponder codes that are programmed into the vehicle key. If the
immobilizer is "active", please contact a Mercedes-Benz Service Center.

Tow-starting

If the ignition is on, the engine can also be tow-started. When the minimum engine speed of 50 rpm is reached, fuel
injection via the unit pumps is enabled and the engine is able to start.

Emergency operation

If the control unit is faulty or the immobilizer is activated, it is still possible to move the vehicle with the starter. This
function enables the vehicle to be moved out of a hazardous area (e.g. from a railway embankment) in an emergency.
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General overview of the Telligent engine system for the 500 model series

A3 FRE control unit (FR-FMR) B65 Coolant temperature sensor

A4 Flame starting system control unit G2 Generator

A6 MR2 control unit M1 Starter

A42 Electronics for reading transponder code P1 Speedometer/tachograph

B1 Foot throttle actuator S1 Driving switch

B2 Clutch travel sensor S2 Engine control/auxiliary brake actuation
B3 Layshaft speed sensor S3 Splitter switch

B4 Ambient temperature sensor S4 Stop lamp switch

B6 Coolant level switch S7 Reverse gear switch

B7 Air filter monitoring sensor S8 Range position switch

B9 Charge air temperature sensor S9 Neutral switch

B10 Fuel temperature sensor S10 Engine start' push-button switch
B11 Oil temperature sensor S11 Engine stop' push-button switch
B12 Oil pressure pick-up Y1 Constant throttle solenoid valve
B13 Charge pressure sensor Y2 Engine brake solenoid valve

B14 Oil level sensor Y29 MS2 solenoid valve

B15 Crank angle position sensor Y30 MS1 solenoid valve

B16 TDC sensor, cylinder 1

1: Depending on the control unit version, it is possible that just one button may be installed instead of the "Engine start/engine stop" push-
button switches.
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General overview of the Telligent engine system for the 900 model series

A3 |FRE control unit (FR-FMR) G2 Generator
A4 |Flame starting system control unit M1 Starter
A6 |MR2 control unit P1 Speedometer/tachograph
A4? Electronics for reading transponder S Driving switch
code
B1 |Foot throttle actuator S2 Engine control/auxiliary brake actuation
B2 |Clutch travel sensor> 18t S4 Stop lamp switch
B3 |Layshaft speed sensor S7 Reverse gear switch
B4 |Ambient temperature sensor S8 Range position switch
B6 [Coolant level switch S9 Neutral switch
B7 |Air filter switch < 15, sensor > 18t |S10 Engine start; push-button switch
B9 |Charge air temperature sensor S11 Engine stop, push-button switch
B10 |Fuel temperature sensor S85 Switch 1, clutch pedal (KUP 1)< 15t
B14 |Oil level sensor S89 Switch 2, clutch pedal (KUP 2) < 15t
B15 |Crank angle position sensor Y1 S;)lljnoid valve for engine brake (4-cyl.) or exhaust flap ( 6-
B16 |TDC sensor, cylinder 1 Y2 Constant throttle solenoid valve (6-cyl.)
B65 |Coolant temperature sensor Y6 to 11 [Unit pump
B110|Combined oil pressure/temp. sensor. |Y63 Split solenoid valve
B110 S:r:gg':ed charge air pressure/temp. Y64 Shift force assistance solenoid valve, G 100

1: Depending on the control unit version, it is possible that just one button may be installed instead of the "Engine start/engine stop" push-
button switches.
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Description of OBD system

The OBD system described in the following is based on the requirements placed on an "OBD stage 1", an OBD stage
2 and an NOx control monitoring system for a diesel engine with a DeNOx exhaust gas aftertreatment system or an
SCRT exhaust gas aftertreatment system, as specified in Directives 2005/55/EC, 2005/78/EC and 2006 /51 /EC.

Drive cycle

A drive cycle includes starting the engine, running the engine, during which any malfunctions are noted, and stopping
the engine.

Limp home mode
CAN limp home mode

In normal conditions, the requested torque is derived from the current accelerator pedal position and transmitted via
a CAN bus connection to the control unit.

In the CAN limp home mode (fixed engine speed control), default values are used instead of the data from the CAN
bus. CAN limp home mode is executed in "engine on" mode, i.e. after leaving starting mode, provided that it is per-
missible to operate the engine. The engine speed is regulated to a configured nominal limp-home speed.

SCR exhaust gas aftertreatment system

Principle of exhaust gas aftertreatment

The SCR (Selective Catalytic Reduction) method is used to reduce oxides of nitrogen. In this system, the oxides of
nitrogen are converted selectively by the SCR catalyst into nitrogen (N,) and water (H,0) by the addition of a reducing
agent. The reducing agent is ammonia (NH3) which is formed in the exhaust line by injecting an aqueous urea solution
(AdBlue). (NO + NO, + 2NH3 2N, + 3H,0)
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Engine management and downstream exhaust gas aftertreatment system
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Method

The diagram on the left shows how the exhaust gas aftertreatment system works in principle; the system consists of
the following assemblies:

* Supply unit (with actuators and sensors)

* Metering unit (with actuators and sensors)
* AdBlue tank (with sensors),

» Catalyst system (with sensors).

All the control routines and calculations required for the exhaust gas aftertreatment system are performed by the
MR2. The SCR frame module, which is networked with the engine control unit via a high-speed CAN, operates the
"frame-mounted" sensors and actuators.

To ensure that sufficient quantities of nitrogen oxides (NOx) are converted, the metering of the reducing agent is con-
trolled as a function of the NOx and exhaust gas mass flow rate as well as of the catalyst temperature. The NOx and
exhaust gas mass are determined from current engine operating data such as engine speed, load, charge air pressure
and air humidity, using corresponding maps. The catalyst temperature is calculated with the aid of two temperature
sensors positioned at the catalyst inlet and outlet.

AdBlue is conveyed from a supply tank to an electromagnetic metering valve via a pressure pump. AdBlue is mixed
with compressed air in a mixing chamber in the metering unit. The resulting aerosol is transported via a pipe to the
nozzle and sprayed into the exhaust gas. The nozzle is screwed into the exhaust pipe connecting the engine with the
catalytic converter.

A tank heater prevents the AdBlue from freezing or thaws out the system if it is already frozen. A tank heater valve is
switched on and off as a function of the AdBlue temperature in the tank or the ambient air temperature. If the valve
is actuated, coolant flows through a pipe from the engine via the supply unit, through a heat exchanger in the AdBlue
tank and back to the engine. The coolant pipe is located parallel with the AdBlue pressure pipe.
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SCRT exhaust gas aftertreatment system

Principle of exhaust gas aftertreatment

The SCRT system is used to comply with EEV emissions limits. It contains the following components in one housing:
* Diesel oxidation catalyst (DOC)

* Diesel particulate filter (DPF)

* Denox system (SCR catalyst).

The SCR unit incorporates the AdBlue system for preparing an aqueous urea solution which is injected into the ex-
haust system and reacts completely to form NH3 which in turn is deployed in the SCR process. Various sensors for
controlling and monitoring the system are also incorporated.

R
=,
ar

mram——
- -, 2. A

Temperstursersoren

b .
£ rregw. ) SCRT-Fag-Schnittstelle ¢ *. SCRT-Rahmermodl
f K U o ;)
Motorregelung MR2 L h i iy ’ 1
: 5 s ] d [ 1
ncl. SCRT-Funktioren b - .-")' [ ;4'
RIS ‘."., Fkay ’___.‘

T T Fo = oo o o mn T AdBiue-Versargungseirhet

1 1 g hmaa e
| 5 1 : :
| g : : -
1 = 1

w c 1
I El a | 1
1 ml =y !
| = 1 E [l 1
I ‘E: gt : A ue-
- Tankeinkeit

! E: = : Dosier- :
: Fp Sa enhet 1

I
| 1 1
|
|

(Lol
Drossel klappe

oy

|
Eindli=sung

Engine management and downstream SCRT exhaust gas aftertreatment system

Function of the oxidation catalyst (DOC)

The diesel oxidation catalyst oxidizes carbon monoxide to form carbon dioxide and hydrocarbons to form carbon di-
oxide and water vapor. It also assists with the generation of nitrogen dioxide NO, for the following processes:

* Generation of NO, for the passive regeneration of the particulate filter
* Generation of NO, to improve the SCR reaction (particularly when exhaust gas temperatures are low).

Function of the diesel particulate filter (DPF)

The diesel particulate filter is used to filter out particulate emissions. The DPF can be removed from the underside of
the vehicle or the SCRT system during a service to clean out the ash.

Function of the denox system (SCR catalyst)

In the SCR (Selective Catalytic Reduction) process, the oxides of nitrogen (NOx) are converted selectively by the SCR
catalyst into nitrogen (N,) and water (H,0) by the addition of a reducing agent. The reducing agent is ammonia (NH3)
which is formed in the exhaust line by injecting an aqueous urea solution (AdBlue). (NO + NO, + 2NH3 2N, + 3H,0)

Page 33 describes the operating principle and structure of the "SCR exhaust gas aftertreatment system".
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Description of hardware

Description of mechanical components
Description of the control units for engine electronics

The entire MR2 engine electronics module consists of the MR2 control unit (MB number varies depending on the ver-
sion) and the fuel cooling system; these two systems are bolted together by means of four fastening bolts.

MR2A and MR2B control unit
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Description of hardware

Fuel cooling system
On MR2 versions supplied with a fuel cooling system, the system is assembled by the supplier.

Specification: The design, layout and testing of the fuel cooling system is the responsibility of the sup-
plier or MB

Fastening bolts: 4 ea.M6x25-8.8

Design: in accordance with MB standard 10 143

Tightening torque: 8Nm=+15%
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Description of hardware

The MR2 control unit itself comprises a printed circuit board assembly with carrier plate and a zinc die-cast housing.
The printed circuit board/carrier plate combination is bolted to the housing and sealed with liquid sealant. The seal
between the multiple plug and the carrier place is achieved with triple-lipped silicone sealing rings and between the
multiple plug and mating connector with sealing elements in the multiple plug or in the mating connector.

The external electrical connections are in the form of one 16-pin and one 55-pin multiple plug. The internal housing
pressure is matched to the ambient pressure by means of a pressure-compensating membrane in the housing floor.
Four lugs, which can be fitted with isolators, are provided for bolting the housing to the engine.

To match the internal housing pressure to the ambient air pressure, a pressure-compensating element is installed in
the housing floor. The pressure-compensating element must be suitably protected when carrying out any subsequent
painting, waxing or similar operations.

Druckousgleichselement
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Example of model plate with barcode

Description of hardware

Mercedes Benz trademark

Supplier's trademark

MB part number

MB drawing geometry technical level (ZGS)

Customer mark A-Z (A = Daimler AG)

Control unit type (0 = 12/24V

Supplier ID number, see allocation table

Software release (N = Software 04)

Year of manufacture 0...9 (last digit of the year of manufacture)

Week of manufacture 01...52

QMmO Qo 2 & @D

Daily production number
1st position: letter A...Z
2nd position: number 0...9
3rd position: number 0...9
If capacities are exceeded, positions 1 and 3 are transposed

2—1@®000 150 58 79
5 —— /2GS 001

_ | TEMIC qos01441A4
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Description of hardware

MR2 version allocation table

12V/24V 12V/24V 12V/24V
Designation (hardware: MR2A1.4) 6/8-cylinder version | 6/8-cylinder version with- 4-cylinder version with-
with cooling out cooling out cooling
Temic product no. with parts list index |00401430A7 00401431A7 00401436A7
MB part number for software release 06 |A 000 150 65 79 A 004 4467140 A 004 44672 40
MB ZGS for software release 06 001 001 001
12V/24V 12V/24V 12V/24V
Designation (hardware: MR2B1.4) 6/8-cylinder version | 6/8-cylinder version 4-cylinder version with-
with cooling without cooling out cooling
Temic product no. with parts list index |[00401441A8 00401442A8 00401447A8
MB part number for software release 06 | A 000 150 66 79 A 004 44673 40 A 004 44674 40
MB ZGS for software release 06 001 001 001

Ambient conditions for mechanical components

Installation location: on the side of the engine

Mounting:

bolted to the engine block with isolators

Ambient temperature:

-40 °Cto + 125 °C (in accordance with MB standard 22 100)

Vibration load:

max. 3 g at 10 Hz - 1000 Hz with isolators

Environmental conditions:

ing in the engine compartment

resistance, in terms of function and leakproofness, to all liquids and harmful gases aris-|

General test conditions

The general Mercedes Benz test specification MBN 22 100 of September 1992 forms the basis of the test conditions.

This contains, amongst other things:
* Environmental and climate tests
* Mechanical test conditions

* Electrical test conditions.
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Description of electrical components

Overview of system interfaces

Description of hardware

The 55-pin and 16-pin multiple plugs form the interfaces. The following block diagram groups the modules into main

groups.

Motorstecker (55-polig)

Serviceschalter Start/Stop

Sensoren

Proportionalventile

Steckpumpen-

Magnetventile

KW/NW-

Induktivgeber

Starter I

+ Bildschirm u. Drucker
COM 1

PC .
Diagnosetool

Pegelwandler

Blockschaltbild - Schnittstelleniibersich

—n

B s e -
—H—"
‘ il

K-Leitung

Fahrzeugstecker (16-polig)

ZiindschloB KL15, KL50

Proportionalventile

(nur MR2 A1-Stand)

Starter

Motor-CAN

Aggregate-CAN

|
|
I Batterie
|
|

Fahrzeugregelung (FR)

I Abgasnachbehandlung
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Description of hardware

55-pin engine connector for control unit MR2 A and B

55-pin multiple plug (engine connector)

Pin . In/ .
no. Assignment for MR2A Type out, Assignment for MR2B Type
0 |Heater flange diagnosis Signal In | Heater flange diagnosis Signal
1 | Camshaft sensor (-) Feedback |In |Camshaft sensor (-) Feedback
2 | Crankshaft sensor (-) Feedback |In |Crankshaft sensor (-) Feedback
3 | Coolant temperature n Coolant and fuel temperature, AdBlue Feedback
temperature
4 |Fuel temperature Feedback |In |Air temperature Signal
5 Passive oil pressure/turbocharger Feedback In Passive oil pressure /turbocharger Feedback
speed, fan speed speed, fan speed
6 | Active oil pressure sensor Supply Out | Active oil pressure sensor Supply
. Charge air pressure sensor, fan
7 | Charge air pressure sensor Supply Out speed sensor Supply
8 |Not assigned Signal In | AdBlue temperature Signal
9 |Unit pump bank 2 (B-D-F-H) Feedback |Out |Unit pump bank 2 (B-D-F-H) Feedback
10 A.Ctlve oil pressure sensor/Combined Feedback In | Qil level, oil pressure, oil temperaturel Feedback
oil sensor
11 | Proportioning valve ground Feedback |Out |Proportioning valve ground Feedback
12 | Proportioning valve bank (PV 1-4), Supply Out |Proportioning valve bank (PV 1-4); |Supply
13 Combined input (fuel pressure/FPS/ Supply Out Combined input (fuel pressure/FPS/ Supply
T6) T6)
AdBlue pressure, air humidity, com-
14 | Fan speed sensor Supply Out oressed air pressure Supply
15 | Oil temperature sensor Feedback In | Air humidity Signal
16 | Unit pump bank 1 (A-C-E-G) Feedback |Out |Unit pump bank 1 (A-C-E-G) Feedback
17 | Fan speed sensor Signal In | Fan speed sensor Signal
18 |Starter, High-side | o4 Starter High-side
actuation actuation
19 | Crankshaft sensor (+) Signal In | Crankshaft sensor (+) Signal
20 |Camshaft sensor (+) Signal In | Camshaft sensor (+) Signal
21 | Charge air temperature sensor Feedback |In |Air temperature, air pressure Feedback

Combined input (fuel pressure/FPS/ AdBlue pressure/air humidity/com-

22 T6) Feedback |In |pressed air pressure/EGR tempera- | Feedback
ture
23 | Charge air pressure sensor Feedback |In |Compressed air pressure Signal
24 |Turbocharger speed sensor Signal In | Turbocharger speed sensor Signal
25 |Engine service switch -start Signal In | Engine service switch -start Signal
26 Passive oil pressure sensor/charge air Signal n Easswe oil pressure sensor/charge Signal
temperature 2 air temperature 2

- High-side - High-side
27 |Proportioning valve 5 actuation Out | Proportioning valve 5 actuation
28 ?g)mblned input (fuel pressure/FPS/ Signal In | EGR temperature sensor Signal
29 |Charge air pressure sensor Signal In | Charge air pressure sensor Signal

30 |Engine service switch (start/stop) Supply n |Engine service switch (start/stop) |Supply

N QSEIUG pressure/throttle flap posi- Signal

31 |Not assigned Signal

1: Signal also on vehicle connector
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Description of hardware

2: Input/output
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Description of hardware

Pin Assignments for MR2A Type In/ Assignments for MR2B Type
no. Out,
32 |Active oil pressure sensor Signal In | Active oil pressure sensor Signal
33 | Oil level sensor Signal In | Qil level sensor Signal
34 |Coolant temperature sensor Signal In | Coolant temperature sensor Signal
35 |Engine service switch - stop Signal In | Engine service switch - stop Signal
36 |Fuel temperature sensor Signal In | Fuel temperature sensor Signal
37 | Unit pump solenoid valve H (bank 2) ngh—s!de QOut | Unit pump solenoid valve H (bank 2) ngh—s!de
actuation actuation
38 |Unit pump solenoid valve F (bank 2) ngh-s!de Out |Unit pump solenoid valve F (bank 2) ngh-s!de
actuation actuation
39 | Oil temperature sensor Signal In | Oil temperature sensor Signal
- Low-side - Low-side
40 |Proportioning valve 6 actuation Out | Proportioning valve 6 actuation
41 |Proportioning valve 3 Lowsside | oy i | proportioning valve 3 Low-side
P & 1 actuation P & ! actuation
42 |Proportioning valve PV6 Supply Out | Proportioning valve bank (PV6-8) Supply
- Low-side - Low-side
43 | Proportioning valve 4 actuation Out | Proportioning valve 4, actuation
44 | Unit pump solenoid valve D (bank 2) ngh—s!de Out | Unit pump solenoid valve D (bank 2) ngh—s!de
actuation actuation
45 | Unit pump solenoid valve B (bank 2) ngh—s!de QOut | Unit pump solenoid valve B (bank 2) ngh—s!de
actuation actuation
46 | Unit pump solenoid valve G (bank 1) ngh-s!de Out | Unit pump solenoid valve G (bank 1) ngh-s!de
actuation actuation
47 | Unit pump solenoid valve E (bank 1) ngh—s!de Out | Unit pump solenoid valve E (bank 1) ngh—s!de
actuation actuation
48 | Charge air temperature sensor 1 Signal In | Charge air temperature sensor 1 Signal
49 | Oil level sensor Feedback In/ Proportioning valve 7 Low—s@e
Out actuation
50 |Proportioning valve 2 Lowsside 1 oy v | proportioning valve 2 Low-side
P & actuation P & actuation
51 |Proportioning valve 1 Low-side QOut | Proportioning valve 1 Low-side
P & actuation P & actuation
- - Low-side
52 |Proportioning valve 2 Supply Out | Proportioning valve 8 actuation
. . High-side . . High-side
53 | Unit pump solenoid valve C (bank 1) actuation In | Unit pump solenoid valve C (bank 1) actuation
54 | Unit pump solenoid valve A (bank 1) ngh-s!de Out | Unit pump solenoid valve A (bank 1) H|gh-s!de
actuation actuation

1: Signal also on vehicle connector
2: Input/output
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16-pin vehicle connector for control unit MR2A and MR2B

Description of hardware

Pin Assignments for MR2A Type In/ Assignments for MR2B Type

no. Out,

1 |CAN interface High line IOnu/t CAN interface High line

2 | CAN interface Low line I&{t CAN interface Low line

3 |CAN-HF Ground CAN-HF Ground

4 |CAN-HF Ground CAN-HF Ground
Battery posi- Battery posi-

5 |Battery voltage tive Battery voltage tive
Battery posi- Battery posi-

6 | Battery voltage tive Battery voltage tive

7 | Not assigned Out |HS-CAN interface High line

8 |Terminal 50 (start) Signal In Terminal 50 (start) Signal

9 | Ground (battery negative) Ground (battery negative)

10 | Proportioning valve bank (PV1-4); | Supply HS-CAN interface Low line

11 |Ground (battery negative) Ground (battery negative)

12 |Starter, High-side 1 Starter, High-side
actuation actuation

13 | Diagnostics K-line (ISO) Signal IOnu/t Diagnostics K-line (1SO) Signal

14 | Proportioning valve 3, Lowsside 5y | scAN HF Ground
actuation

15 |Terminal 15 Ignition In |Terminal 15 Ignition

16 | Proportioning valve 4, Low—s@e Out |HS-CAN HF Ground
actuation

1: Signal also on engine connector
2: Input/output
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Description of hardware

Control unit power supply

Voltage variants ‘ 24 volt ‘ 12 volt
Supply voltage
Rated voltage: 22V<U<30V 1MV<U<L16V

Undervoltage:

8V <U<22V limited operating
range (see MB standard 22 100)

6.5V <U< 11V limited operating
range (see MB standard 22 100)

Overvoltage cut-off:

33V<Upax <37V

max

33V < U <37V

Reverse polarity protection, overvoltage protection

Reverse polarity protection:

Sustained reversed polarity of ter-
minal 30, terminal 31 without dam-
age to system components

Sustained reversed polarity of termi
nal 30, terminal 31 and terminal 15
without damage to system compo-
nents

Overvoltage resistance:

58 V (see MB standard 22 100

58 V (see MB standard 22 100

Overvoltage resistance:

100 V (see SAE J1455)

100 V (see SAE J1455)

Current consumption

Peak current consumption (without propor-
tional output stages):

36A, cyclical, dependent on engine
model series and maximum engine
speed

36A, cyclical, dependent on engine
model series and maximum engine
speed

Quiescent current consumption with termi+

nal 15 off and after completion of power- |1 <1 mA [<1mA
down:

Short circuit detection thresholds

Solenoid valve to ground 20 A 20A
Starter to ground 25A 2.5A
Solenoid valve to return line 32A 32 A
Proportioning valve supply to ground 11A 11A
Proportioning valve to return line 2A 2A
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Description of hardware

Sensor system

Internal sensors
Atmospheric pressure sensor

A pressure sensor is located in the control unit for evaluating the ambient air pressure. It is not possible to configure
the characteristic curves for calculating the atmospheric pressure.

Accuracy is to £ 15mbar in the range 0°...+85°C or £30mbar over the entire temperature range of -40°C...+125°C,
with the following calibrated reference values:

Sensor voltage: 20V 4.7V
Pressure: 550 mbar 1150 mbar
Sensor tolerance: +30 mbar +30 mbar
ACDC tolerance +2LSB: +9.76 mV +9.76 mV
Worst case tolerances: +32 mbar +32 mbar

Control unit temperature recording

To record the maximum control unit temperature, the characteristic curve of two diode distances are recorded for
the duration of the MR2 running time and the maximum value is stored in the EEPROM.

To restrict component tolerances, the reference value at an ambient temperature of approx. 20°C is calculated in the
final test and also stored in the EEPROM,; this is used for calibration when evaluating the maximum temperature.

Tolerance for control unit temperature recording is +5°C. The maximum printed circuit board temperature may not
exceed 125°C and may only be reached for brief periods. To guarantee the required service life of 20,000 hours, a
mean printed circuit board temperature of < 75°C must be assured for the entire operating period.

External sensors

The calculation variables (characteristic curves, maps, low pass factors, fault thresholds) can be configured via the
data set.

Active sensors
Requirements for sensor inputs of external sensors:

Active sensors with an operating voltage of 5 volts are used. The sensor inputs are able to draw a sink current to their
5 volt supply by means of a pull-up resistor. The sensors may consume a current of up to 20 mA from the voltage
supply. There are two supply banks for the sensors, each designed to connect up to four sensors (overall current load
per bank: max. 80 mA).

Sensor bank 1 Sensor bank 2

Charge air pressure Compressed air pressure (MR2B release only)
Active oil pressure Air humidity (MR2B release only)

Fuel pressure/T6 EGR temperature | AdBlue pressure (MR2B release only)

Fan speed

A current-limiting function is implemented when the current exceeds 80 mA. Because the characteristic curve of the
current-limiting function is falling, the short circuit current is approx. 10 mA. The sensor inputs are therefore short-
circuit proof.
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Description of hardware

Pressure sensors

Vel"SOI"ngg I:XX_P) 5V Prizipschaltbild eines Sensoreinganges
X055 =wm
Rv
Signal (xx_S) 10 kOhm AD-Wandler
X055 wm) 1 l >
Masse (xx_M) I
X055 wm)—9p

Basic circuit diagram of the active sensor inputs

The output voltage range (0.5...4.5 V) of the sensors used ensure diagnostics capability with regard to line breaks

and short circuits to ground.

The following data refer to the sensor input circuits:

Control unit version MR2A and MR2B

Measured quantity ::zge alr pres= | active oil pressure | Fuel pressure/T6 EGR temperature
Pull-up Ry 10 kQ 3 kQ 1 kQ

Ry tolerance 5% +250ppm/K | 5% £250ppm/K 5% +25ppm/K

ADC tolerance +2LSB +9.76 mV £9.76 mV £9.76 mV

Worst case at 1V signal voltage +8.5% +8.5% +1.35%

Due to the "fuel pressure" input having a dual assignment with the Té temperature sensor, the resistive connection
has been changed from 10kQ/ 1% to 1k€2/0.1%. For the MR2 B1.2 release, this input has been renamed EGR tem-

perature.

MR2B only

Compressed air

Measured quantity pressure Air humidity AdBlue pressure
Pull-up Ry 10 kQ 22 kQ 10 kQ2

Ry tolerance 5% £250ppm/K | 5% +250ppm/K 5% +250ppm/K
ADC tolerance +2LSB +9.76 mV 19.76 mV 19.76 mV
Worst case at 1V signal voltage +8.5% +8.5% +8.5%
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Description of hardware

Fan speed
The fan speed is recorded by means of a digital input with external ground keying (e.g. open collector).

Minimum speed: 125 rpm
Maximum speed: 5000 rpm
Maximum low voltage: 09V
Minimum high voltage: 1.9V
VQI‘SOI'gUI’]g (XX_P}I 5V Lifterdrehzahlerfassung
X055 =
10kOhm
Signal (xx_S) 75 kOhm
X055 =) } l > P
= 22 nF 2,2 nF
Masse (xx_M) I
X055 mm)——¢

Basic circuit diagram for fan speed recording

Passive sensors

Requirement: temperature sensors based on NTC resistors and an (oil) pressure sensor based on a pressure-sensitive
wire resistor are used as passive sensors.

The voltage drop at the sensor resistor is used for the evaluation; this is supplied with current by a pull-up resistor.
Like the active inputs, these inputs are short-circuit proof and have diagnosis capability.

SV Prinzipschaltbild Eingangsbeschaltung
passiver Sensor
R

Signal (xx_A) 10 kOhm  AD-Wandler

X055 =) {1 L >

== 22 nF

Masse (xx_B)

X055 mm)}——9

Basic circuit diagram of the passive sensor inputs
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Description of hardware

The following data refer to the sensor input circuits:

Control unit version MR2A and MR2B

Measured quantity Oil temperature] Coolant temperature ::uhrzrge air tempera- Fuel temperature
Pull-up Ry 1kQ 1kQ 2.2 kQ 2.2 kQ

Ry tolerance |1<% +250ppm/ 1% +£250ppm/K 5% +250ppm/K 5% +250ppm/K
ADC tolerance £2L.SB £9.76 mV £9.76 mV £9.76 mV £9.76 mV

Worst case at 1V signal voltage |+4.5% +4.5% +8.5% +8.5%

MR2B only

Measured quantity AdBlue temperature Air temperature
Pull-up Ry 1kQ 10 kQ

Ry tolerance 1% +£250ppm/K 0.1% +250ppm/K
ADC tolerance +2L.SB £9.76 mV £9.76 mV

Worst case at 1V signal voltage +4.5% £1.35%

As of MR2B 1.3 release, the pull-up at the sensor input for air temperature has been changed from 1kQ /1% to 10kQ)/

0.1%.

The EGR temperature sensor is connected at the fuel pressure input (see Page 48).

Passive oil pressure

10 kOhm

AD-Wandler

Riickfiihrung (xx_M)
X055 wm)—s

| S |

5V
Ry
Signal (xx_S)
X055 =)
—— 22 nF

i
I 100 nF

Basic circuit diagram of the "passive oil pressure" sensor input

Measured quantity Oil temperature
Pull-up Ry 390 W

Ry tolerance 5% +250ppm/K
ADC tolerance +2LSB £9.76 mV
Worst case at 1V signal voltage +8.5%

Note

Alternatively the charge air temperature sensor 2 can be connected to the "passive oil pressure" input
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Oil level

The oil level sensor consists of a hot wire whose resistance changes depending on the temperature.

Description of hardware

During the measurement, the sensor is heated for 0.6s with a 200 mA constant current. The voltage change at the
sensor is measured during the "on" period. The amount of voltage change is the oil level measurement. The measure-

ment is repeated every 6s.

3
5V Ug
200mA
12kOhm H konst.
/:0,6 s ein "
=) > AD-Wandler
33kOhm
Sonde == 1InF =

}SSkOhm ==122nF

Basic circuit diagram of oil level sensor

The oil level sensor must satisfy the following boundary conditions:

Heating current:

200 mA (constant current)

Resistance:

22.3 Q (at room temperature)

Resistance after energizing (0.6 sec.):

- at 100% fill level:

23.0Q

- at 0% fill level:

28.4 Q

The tolerance of the constant current source in the control unit is < 5%.

With the introduction of software 56, a revised oil level sensor may be used. The applications are set using maps, the
hardware connections, as described above, remain unchanged (Ilheat = 200 mA for 0.6 sec). The internal resistance
of the oil level sensor must not deviate substantially from the figures quoted above.

As of the MR2 release, the previous discrete circuit has been replaced by a current source IC; in addition, the voltage
divider in front of the AD converter has been changed from 12k/ 12k to 33k/33k in order to ensure that line breaks
in the shared oil level /oil temperature and oil pressure ground line are detected. At the same time, the capacitor in
front of the AD converter has been reduced to 22nF (time constant of the low pass).

52



Description of hardware

Turbocharger speed
To record and evaluate the turbocharger speed, an inductive input signal is converted into a digital signal.

Minimum input voltage: speed dependent, see diagram
Minimum input speed: 5000 rpm
Maximum input speed: 150,000 rpm

To increase interference immunity, the MR2 release features a switchable threshold for input sensitivity:
Threshold 1: evaluation of low signal levels at low speeds
Threshold 2: evaluation of high signal levels at high speeds

. . . — Schw elle 1 Min | _
Empfindlichkeit des Laderdrehzahleingangs Eingang Laderdrenzzhl
— ScChw elle 1 May | Fle: Laderdrehzshlvad
Uss/ V Datum: 15 Dez, 2006
10.000 - Schw elle 2 Min
9.500 ,L Schw elle 2 Max
9,000 g2
8,500
8,000 -
7,500
7,000 — /
6.500 o . 7
6,000 ~|» f—}
5,500 [ i ! | /
5,000 | | | :
4,500 I I
4,000 ! / /1
3,500 N (
3,000 \\ /
2,500 \\ \
b
2,000 \\ - =
1,500 — -
1,000 B
0,500
0,000
o o o o o o o o [=] (=] o == ] o (= o o o o o = ] o
(=] (= (=] o o o o o o [=] o (=] (= (= (=] o o (=] (=] [=] o
w (o] (e ] e o w o™ (7] - (=] (=] [=] (=] (=] (=] (=] o o [=] o o
— ™ od o o =T o w w (o] [en] = (=] [{s] o™ [+n] =5 (= o o
-— - o~ 1] ] - - w0 w0 ™ 0
U/ min
Auswertebereich
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Description of hardware

5V 5V Schaltung Laderdrehzahlerfassung
11kOhm 18kOhm
Signal (xx_S) 66nF -
X055 mi) [ —— >_O
+
Rickfiihrung (xx_M) i
X055 wm 28kOhm inF ¢
I 2,2kOhm
12kOhm |:| T603

Recording turbocharger speed

At low speeds (configurable) the input sensitivity is increased by switching to threshold 1; this is done by actuating
T603.

At high speeds the input sensitivity is decreased by switching to threshold 2; this is done by deactivating T603. Inter-
ference suppression is raised accordingly.

The switching of the thresholds must be done synchronous with the phases in order to avoid interference pulses; in
other words it must not occur during the negative half-wave of the input signal.

Steckpumpenansteuerung, Diagramme

Zeitraum fur
Schwellenumschaltung
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Description of hardware

Recording and evaluating the crankshaft/camshaft
Crankshaft/camshaft reference system

KW- / NW-Bezugs-System
$0° /360° /720° KW «—— 0T Zyl. 1
15°KW
= »
& " \0\
< BM_ZOT1
2:1
BM_KWOT
Kurbelwelle mit Nockenwelle mit
36 Lochern bzw. Nuten + 12 Lochern bzw. Nuten +
1 KW-BM-Loch 1 Z0OT-Loch

Mechanical crankshaft/camshaft coupling (principle)

Based on the ratio of two crankshaft revolutions to one camshaft revolution, a 720° crankshaft reference system has
been established for the processing of one complete operating sequence of all cylinders .

This system is valid for all 4, 6 and 8-cylinder engines.

Crankshaft:
* Mark spacing 10 °CA
» Additional hole (BM_KWOT) is located between two 10 °CA marks at 65 °CA before TDC and at 295 °CA after TDC

Camshaft:
* Mark spacing 60 °CA (30 °cam angle)
* Additional hole (BM_ZOT) is located at 20 °CA after the previous 60 ° mark or at 55 °CA before cylinder 1 TDC
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Cylinder actuation sequence

Description of hardware

Solenoid valve /bank

Engine connector (55-

Solenoid valve for cylinder (TDC position after BM_ZOT 1)

(electric)
R6
R4 Vé6 \'£:]
PIN number OM 906 LA
OM 904 LA OM 501 OM 502
OM 457/0M 460
A/ 1 54 1(0° CA)
B/2 45 1(0° CA) 1(0° CA) 5 (90° CA)
C/1 53 1(0° CA) 5 (120° CA) 4 (120° CA) | 7 (180° CA)
D/2 44 3 (180° CA) 3(240° CA) 2 (240° CA) | 2 (270° CA)
E/1 47 2 (540° CA) 6 (360° CA) 5(360° CA) | 8(630° CA)
F/2 38 4 (360° CA) 2 (480° CA) 3 (480° CA) | 4 (540° CA)
G/1 46 4 (600° CA) 6 (600° CA) | 3(450° CA)
H/2 37 6 (360° CA)
Feedback (A-C-E-G)
Bank 1 16 (B-D-F-H)
Bank 2 9
Note

The cylinder table is not the same as the firing order!

Cylinder order

OM 904 LA

OM 906 LA
OM457 /0M460

OM 501 LA

OM 502 LA

(ONORONO)

Zylinderzuordnung

OO0 60606

© o006

® 0606

ONGRONO)

® 00006

Cylinder order
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Description of hardware

Crank angle and TDC

Inductive sensors are used to detect the current crank angle and the rpm. These sensors contain a coil on a core of
soft iron with permanent magnets connected to it such that the magnet's field lines penetrate the core of soft iron.
The end of the soft iron core is located opposite the flywheel (sensor rotor) at a minimum distance from it.

Holes or ribs are used as markers. As a result of the change in flow, these markers induce a voltage in the coil of the
inductive sensor. The marker geometry used produces, for each mark on the sensor rotor, one complete sine wave,
whose zero-axis crossing represents the centre of the mark.

Where sensor polarity is concerned, care should be taken to ensure that the positive half wave appears first and then
the negative (measured against ground), otherwise malfunctions can be expected. The amplitude level depends on
the distance of the sensor from the sensor rotor and the rotational speed.

As of MR2 B1.3 release (and the introduction of the crankshaft/camshaft ASICs), the evaluation range of the sensor
input voltage is 2.0 V < Uy /nw < 50 V.

From an input voltage of > 50 V an amplitude limiting function is implemented to protect the evaluation circuit. The
maximum signal amplitude of the crankshaft/camshaft sensor may not exceed +100 V. Inductive sensor data:

Lin mH Rin Q
630 £15% 1000 - 1385

To maintain interference immunity and avoid diagnosis malfunctions, the sensors' direct current resistance must be
within the stated tolerances.

Any deviation from the specified inductance will result in inaccuracies in position detection; this will be reflected in
the start of delivery.

Crankshaft and camshaft evaluation circuit

Auswerteschaltung KW und NW

> Detektion-

Induktivgeber- ,| Amplituden- Nulldurchgang [
signal nachfiihrung

A 4

Amplituden-
messung
Diagnose
Verpol-
—>
erkennung

Block diagram of the crankshaft and camshaft evaluation circuit
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Description of hardware

Between the bores, the surface of the sensor rotor generates an interference voltage caused by surface roughness
and changes in the distance (bearing play, eccentricity) between the sensor rotor and the sensor. At high rpm, this
interference voltage may be quite high at times. So that these are not interpreted as useful signals, both input circuits
(both the crankshaft and camshaft) work with adjusted thresholds. In each case, the response threshold is generated
as a function of the level of the useful signal.

Vana Schaltung KW/NW-Drehzahlerfassung
Rv =6,2kOhm
. ey = T Newartacrhaifiine 1
Signal (xx_S) 2 2KOhm : Auswerteschaltung |
X055 mwm) T} h I
I O |
I . I
== 22nF I |
Ruckfihrung (xx_M) | I
X055 mm)——o

Basic circuit diagram of the crankshaft/camshaft input circuit

In the crankshaft evaluation circuit, the respective amplitude of the useful signal is stored and a value for the re-
sponse threshold is generated from it. In the case of crankshaft evaluation, this is 50% of the last stored useful signal
amplitude. As signal amplitudes steadily rise (as a result of rising engine speed), the new voltage value is transferred
immediately to the memory.

In the case of decreasing amplitudes, the differences in signal levels continue to be transferred directly to the mem-
ory until they reach 75% of the previous value. If amplitudes continue to fall even further, the 75% value is retained in
the memory. This prevents sporadic signal levels that are too small from being included in the threshold adjustment.
As a result, the required signal to noise ratio is maintained.

The camshaft evaluation circuit generates the response threshold value from a mean value of the useful signals pre-
vailing at that time. This prevents the substantial fluctuations in level, which arise successively due to the camshaft
end play, from affecting threshold adjustment. The stored value is a function of the mean signal amplitude and the
pulse/pause ratio, as determined by the sensor rotor.

The response threshold for the useful signals is approximately 45% of the averaged signal amplitudes. As the sensi-
tivity of the input circuit increases as the useful signal decreases, the input circuit for AC component voltages below
0.8 V is blocked in order to avoid the effects of interference. This has the result that smaller signal amplitudes are
not detected. When the engine is stopped the DC voltage level at the sensor must be approx. 1.6 to 2.2 V if the sensor
is connected correctly and terminal 15 is switched on.

To ensure that the system reliably detects any crankshaft or camshaft sensors with the wrong pole connections, the
input pull-up resistance RV has been reduced from 10 kQ to 6.2 kQ with the introduction of MR2.

With the introduction of the MR2B 1.3 /A1 release, the evaluation of crankshaft/camshaft signals is performed by an
ASIC.

58



Description of hardware

With the introduction of the MR2, the previous analog reverse pole detection method for the crankshaft/camshaft
sensors has been changed to a detection of the pulse/pause ratio (via the limp home controller):

Steckpumpenansteuerung, Diagramme

Sensorsignal

Sensor verpolt

Signal invertiert

Synchronization of solenoid valve actuation
There are three types of synchronization:
* Crankshaft sensor and camshaft sensor available:

The system is synchronized at the latest at 50° CA before TDC with the aid of the binary combination for the ad-
ditional markers. The first cylinder actuated is MV B. All actions are now coupled to the crankshaft. The camshaft
is only used to check whether the camshaft and crankshaft marks are aligned. Priority is always given to the crank-
shaft. If the camshaft fails during operation (timeout or incorrect pulses), a switch is made to crankshaft limp home
mode at 50° CA before TDC and the system continues to work trouble-free. If the crankshaft should fail during
operation (timeout) a switch is made immediately to camshaft limp home mode. In this case, it is possible that a
cylinder may not be actuated for a short time.

* Only crankshaft sensor available:

The system is synchronized at the latest at 60° CA before TDC with the aid of the additional hole and a time check.
The first cylinder actuated is MV B.
The system status is set to engine protection. If starting is performed with just the crankshaft sensor, a "double

firing" will be implemented; this means two cylinders, offset from each other by 360° CA, will be actuated electri-
cally simultaneously. Start of injection precision may be minimally impaired by the presence of two impact signals.

* Only camshaft sensor available:

The system is synchronized at the latest at 5 ° CA before TDC with the aid of the additional hole and a time check.
The first cylinder actuated is MV B. The system status is set to engine protection. The precision of both the start
of injection and the quantity is lower in the dynamic behavior on account of the larger tooth spacing. If one of the
two sensors fails, it is possible to implement a limp home mode with just the one signal.
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Digital inputs

Control unit MR2 has the following digital inputs:
e Terminal 15

e Terminal 50

* Heater flange and

* Engine start/stop.

Terminal 15

When a voltage is applied to terminal 15 (terminal 15 ON), the engine control unit is awakened and ramps up. This
voltage is converted into a digital signal by a comparator; this signal is then read in by the processor. The function
software of the engine control unit works by using this terminal 15 signal from the comparator and the terminal 15
signal which arrives via the CAN bus.

The switching thresholds to ensure that the terminal 15 voltage is reliably detected at pin 15 of the 16-pin engine
connector are as follows:

Terminal 15 ON Terminal 15 OFF
>0.56t0 0.77 U, <0.30t0 0.42 U,

Signal (xx_S)
X055 wm

36 kOhm uP

Riickfiihrung (xx_M)

Basic circuit diagram for terminal 15
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Terminal 50
Switching on via terminal 50

When a voltage is applied to terminal 50 (terminal 50 ON), the engine control unit is awakened and ramps up - even
if there is no terminal 15 signal present. In order to avoid a repeat switch-on after a terminal 50 OFF (caused by the
transponder signals on the terminal 50 line), the terminal 50 signal is low-pass filtered.

The switching threshold to wake up the control unit via terminal 50 is a minimum 9V.

Detection of transponder signal

The transponder signal is forwarded, unfiltered, to the main controller using a second terminal 50 input circuit. The
switching thresholds to ensure reliable detection of terminal 50 voltage at pin 8 of the 16-pin engine connector are
as follows:

Terminal 50 ON Terminal 50 OFF
>553t07.52V <2.33t03.32V
Signal (ox_S) 2,4k0hm 22k0hm uP
X055 wm) L "1 1
o 1,2k0hm ~
Riickfiihrung (xx_M) == Inf
X055 -ﬂ

Basic circuit diagram for terminal 50
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Start/stop service switch

Note
Depending on the control unit, the two start/stop service switches may be replaced by one single switch.

There is provision for two digital inputs (resistant to short circuits to ground) that enable the start and stop service
switch functions to be implemented via service buttons when the cab is raised. It is only possible to start the engine
with the service button on the engine block in conjunction with the vehicle electronics and therefore it can only be
done in the vehicle. The buttons are supplied with a 5 V voltage by the control unit. The following switching thresholds

apply:

Terminal 50 OFF
1.60t02.01V

The contact current when the button is actuated is approx. 10 mA. In addition, the inputs to the buttons are resistant
to short circuits to ground and are insensitive to the slush resistors parallel to the buttons. The slush resistors can
receive values down to kQ2.

5V
Prinzipschaltbild Serviceschalter Start Stop
150 Ohm
X55/30
- ) ——9¢
Schmutzwiderstand Schmutzwiderstand
Ruin =10k {77777 1 Rmin= 10k {77777 1 1InF ==
Start-Taster \’ Stop-Tajster .
S { I |
X55/35 D—Dup
— | ' +

390 Ohm

X55/25 -
A | D—DUP

390 Ohm

Basic circuit diagram of start/stop service switch
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Heater flange

The control unit provides an input for diagnosing the heater flange. This enables a short circuit in the actuating line
of the heater flange to be detected. The input circuit is supplied with a 5 V voltage by the control unit. The input signal
is read in via the AD converter of the limp home controller and transmitted to the main controller; the switching
thresholds are defined in the main controller software as follows:

U ON U OFF
> 3.5 +40 mV <1+40 mV
5V
Ry =10kOhm
Signal (xx_S) 10kOhm
X055 =) '. '. > P
1nF == 2,2nF
Riickfiihrung (xx_M)
X055 =) —

Basic circuit diagram of heater flange
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Actuator system

Unit pump (solenoid valve) characteristics
Reference values for the unit pumps:

Resistance: 0.077Q2-0.171Qat 20° C
Number of turns: 35.5

Inductance: 0.160 - 0.229 mH at 1 MHz
Inductance, valve open: 0.41 -0.53 mH

Inductance, valve closed: 0.54 - 0.66 mH

Wiring harness resistance: 20 mQ - 200 mQ2

Unit pump actuation

The purpose of the unit pump actuation system is to adjust the required start of delivery and angle of delivery (map-
dependent) as accurately as possible and specifically for each cylinder. The key parameter for a valve is the impact
time (electrical cut-in point until the valve opens). This time must be provided for any desired start of delivery. The
remaining energization period is calculated from the rpm and angle of delivery.

The PWM of the individual phases can be adjusted.

Principle of unit pump actuation

Firstly, the valve is switched on fully. Once the starting current is reached (approx. 16 A for 24 V operation), the cur-
rent is limited. The movement of the valve armature changes the coil's magnetic field and counteracts the current.
As soon as the valve is fully open, a relative current minimum arises that signals the impact of the solenoid valve
armature. During this phase, a high-frequency PWM is used to ensure that this relative current minimum can be de-
tected. The impact can now be used to evaluate the start of injection. After the impact, a further current-limiting func-
tion is implemented on the holding current by means of PWM in order to prevent power loss.

The four actuation phases

The current-limiting function is implemented as a function of coil current. Four actuation phases arise as a result, the
last one being the final valve shut-off.

Phase A: push phase

In order to reach the starting current of 16A, for 24V operation, and 9A for 12V operation as quickly as possible, the
battery voltage is switched to the valve with a high PWM pulse duty factor, When the starting current threshold is
reached, the valve armature starts to move. The flight phase begins.

Phase B: flight phase

During this period, the armature moves from its rest position towards the valve seat until the armature strikes in the
end position. A different PWM pulse duty factor is required so that the valve is kept in the flight phase, but the arma-
ture is not accelerated any further. This minimizes bounce on impact. The key characteristic is the local current min-
imum when the armature strikes in the end position. This is the point at which impact is detected and enables start
of injection to be determined accurately. As soon as impact is detected, the actuation is switched over.

Phase C: holding phase

In order to restrict the valve current and reduce power loss, a switch is made to a PWM in this phase. The enables
the necessary holding current to be generated for the valve without letting the energy contained in the valve get too
high. The holding current level of approx. 12 A is current-regulated by the hardware.
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Phase D: switch-off phase

After the required injection period has ended, a signal to end the injection, in other words to switch off the valve,

comes from the processor. The aim is to switch the valve off as quickly as possible.

The following graphics show the relationship between current and voltage in the four valve actuation phases for 24V

and 12V operation.

Note

All values in the graphics below are dependent on the data set and may vary according to the parameter settings.
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Description of hardware

The pulse duty factor in the activation, flight and holding phases is dependent on battery voltage. The frequency of
the activation phase and the flight phase can be set to 47 and 50 kHz respectively by means of a map data set.

Structure of the solenoid valve banks

%o__D
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N

\4

(2) 1 quegan

Bunianajsuy-|13uanlause

(2) 1 Muegan

(@) 1 ueg AN
< Sunianajsuy
H _ opIsmo
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J J | 91/550X
5(2e/650x) 1(8€/650%) og\ GS0X) & (67/550X)
9%/GG0X [¥/GG0X €6/GG60X ¥G/GS0X
H) 9 AW @ 3IAN [@oAN @V AN
< 3unianajsuy < 3unianajsuy < Sunianaisuy < Sunusnajsuy
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Basic circuit diagram of the structure of a solenoid valve bank
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For reasons of redundancy, the eight locations for the unit pump solenoid valves are grouped into two banks (MVB).
Ub bank 1 supplies unit pumps A, C, E and G and Ub bank 2 supplies unit pumps B, D, F and H.

For cost reasons, the 4 solenoid valve low-side transistors are not installed on the 4-cylinder version of the MR2 as
they are not required.

High-side actuation

The solenoid valve to be actuated is selected with the high-side switch. The switch is switched on at the beginning of
phase 1 and switched off at the end of phase 4.

Low-side actuation
The PWM is switched with the low-side switch.

Current measurement

The solenoid valve bank has a shared current measuring system for detecting the prevailing valve current. The mea-
suring resistor is located between the voltage supply and the high-side drivers so that current can be recorded even
in overrun.

Starting current threshold

The microprocessor is informed that the starting current threshold has been reached. As of MR2 B1.3/A1 release,
the starting current threshold is evaluated by means of an ASIC.

Impact detection

This part of the circuit enables the solenoid valve impact to be accurately determined. The microprocessor is in-
formed when impact has been detected. As of release MR2 B1.3 /A1, impact detection is evaluated by means of an
ASIC.

Short-circuit protection

Each solenoid valve bank is equipped with a short-circuit protection system. This switches off the output stage when
excess current occurs. As of release MR2 B1.3/A1, short circuits will be detected by means of an ASIC. The short-
circuit shut-down is not activated until the system has been switched back on 15 times by the logic IC (interference
immunity).
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Proportioning valve actuation

The MR2A1 control unit offers 6 power outputs ( 8 on the MR2B) for actuating proportioning valves. They are used to
operate external actuating and switching elements:

* Prop. 1: exhaust flap

* Prop. 2: constant throttle/EGR

* Prop. 3:fan 1

* Prop. 4: fan 2/map thermostat

* Prop. 5: constant throttle

* Prop. 6: exhaust flap / heater flange

* Prop. 7: AdBlue metering valve (MR2B release only)
* Prop. 8: AdBlue tank heater (MR2B release only).

No valve is permitted to be permanently energized if a high-side MOSFET fails.

The outputs are grouped into two: proportioning valve bank 1 (PVB1) and proportioning valve bank 2 (PVB2). The rat-
ed current per output stage and across the entire temperature range is: lyax = 2 A. The maximum rated current of
one proportioning valve bank is Iy ax = 8 A (static) and lyyax = 9 A (briefly).

The short circuit detection function is activated when a current of ljax = 11 Alis reached. As of the MR2 release, after
the short circuit threshold has been reached and the associated short circuit deactivation has been performed, the
proportioning valve supply is guaranteed to be switched back on (up to 7 activation attempts) for the purposes of

operating electronic loads and their capacitive input impedances. If, after 7 activation attempts, an overcurrent is still
present, the proportioning valve bank is switched off by the logic IC and the fault is forwarded to the main controller.

The maximum capacitive load for the proportioning valve supply may not exceed 5uF for each bank. The proportioning
valve bank is switched back on a total of three times via the software debounce function; only after a bank has been
switched back on three times (with 7 actuation attempts by the logic IC each time) will a fault log be generated and
the proportioning valve actuation will not be reactivated until after terminal 15 has been switched back on.

KL5O Propendstufenbank

Kurzschluss _
—L j
\

Logik-IC

TFT

Highsidebank

Elektronische
Last

WP <> g

Magnetventil
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Proportioning valve bank 1:

Proportioning valves 1, 2, 3 and 4 are grouped into one valve bank (PVB1). The valve bank is supplied with battery
voltage by a shared circuit. This circuit features short circuit and level detection functions. The valve bank is switched
on if at least one of the proportioning valves in this bank has been parameterized.

The outputs of PV 1 to 4 are implemented by means of a low-side 6-channel driver with diagnosis capability (PV1 and
PV2 each have 2 drivers switched in parallel, PV3 and PV4 are designed as single drivers). The proportioning valves
are switched on for functioning via this low-side driver and the outputs are monitored for shorts to battery voltage,
ground shorts (low-side) and line breaks. The detection threshold for line break detection requires the respective pro-
portioning valve to have a maximum internal resistance of 10kQ); where necessary, this has to be guaranteed by
means of a corresponding parallel resistor in the proportioning valve.

Proportioning valve bank 2:

Proportioning valves 5 to 8 are grouped into one valve bank (PVB2). For version MR2A, only outputs PV5 and PV6 are
available; version MR2B also has outputs PV7 and PV8.

The valve bank is likewise supplied with battery voltage via a shared circuit that features short circuit and level de-
tection functions. The valve bank is activated if at least one of the proportioning valves in this bank has been param-
eterized.

The outputs of PV 6 to 8 are implemented by means of a low-side 4-channel driver with diagnosis capability (in version
MR2A only output PV6 is wired). The proportioning valves are switched on for functioning via this low-side driver and
the outputs are monitored for shorts to battery voltage, ground shorts (low-side) and line breaks. The detection
threshold for line break detection requires the respective proportioning valve to have a maximum internal resistance
of 10kQ); where necessary, this has to be guaranteed by means of a corresponding parallel resistor in the proportion-
ing valve.

PV 5 actuation is designed as a high-side switch. Open-load detection is guaranteed by means of a separate level
detection function.
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Output Function Current | Characteristics Actuation Supply or ground
. . UB PVB 1
< _ 1
PV1 Exhaust flap <2A PWM 120 Hz or switch output Low-side PV1 Ground: PVYM
PV2 Constant throttle or EGR |<2 A Switch output or PWM 120 Hz Low-side PV2 |PV2_P4
PV3 Fan 1 <2A PWM 1 to 200 Hz or switch output Low-side PV3 |PVB 1,
PV4 Fan 2 or map thermostat |[<2 A PWM 1 to 200 Hz or switch output Low-side PV4 | PVB 14
PV5 Constant throttle <2A Switch output High-side PV5 |PV_M,
PV6 Exhaust flap orheater |, | WM 5 to 200 Hz or switch output | Low-side PV6 | " 02
flange Ground: PV_M
PV7 AdBlue metering valve |, \ I by 5 ki Low-side PV7 |PVB2
(MR2 B release only)
AdBlue tank heater
< . o
PV8 (MR2 B release only) <2A Switch output Low-side PV8 | PVB2

1: Low-side actuation, one common high-side driver. Lines grouped into wiring harness for each bank, connected to control unit via one com-
mon connector pin.

2: Shared line ground, not switched.
3: For MR2A release only, MR2B release does not have a separate PV2 supply on the vehicle connector.

Note

The maximum inductive load for switch outputs may not exceed 25 mH.
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Starter actuation

The starter is actuated via a relay which in turn is actuated by the starter output stage of the MR2 control unit. The
starter output stage is divided into two power stage branches that are connected in parallel, namely the main branch
and the emergency branch.

Starter Notzweig Starter Hauptzweig
KL50 UB
T T Anlasserendstufe
Kurzschluss «—— T I - Kurzschluss
+ +
P j P
H NPN-Trans MOSFET 1| MOS-FET H
[ . B —<
Ansteuerung N Ansteuerung
_|
M|MosFeT2 | Mos-FET :IUP
Ansteuerung
:IHP Pegelmessung
Starter
O X55/18 und X16/12
zum Starterrelais

Basic circuit diagram for starter actuation

Electrical data:
Maximum relay current: lyyax = 2A voltage drop
Output stage: Ug,q =2V atl=2A for the main branch

Main branch (self-locking)

The main branch is fed by Ub and consists of two MOSFETs (MOSFET 1 and 2) connected in series, each of which has
its own actuation circuit. This ensures that the starter cannot be actuated unintentionally even if one MOSFET has
failed. The operation of the output stage components can be tested independently of each other by separate actua-
tion of the two MOSFETSs.

In addition, the main branch has a short circuit detection function in series with the two MOSFETSs (Ixg > 2.5A); this
triggers a software interrupt which locks both the main and emergency branches.

Emergency branch (self-conducting)

The emergency branch is fed by terminal 50 and can be switched off by the processor via integral bipolar actuation
(NPN transistor). The starter emergency branch has a short circuit and overload detection function (lxg > 2.5A) pro-
vided that control unit power supply via terminal 31 is assured.
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Level measurement

A level measuring function is incorporated into the starter output stage to detect line breaks. The level is compared
with a voltage derived from UB and graded as low or high (the switching point is 1/3 Ug).

Starterrelais-Pegelmessung Anlasserendstufe

:“P NPN-Trans. K P |Mos-FET 1 | mos-FET HU:P

Ansteuerung Ansteuerung
_|
P [Mos-FET2 | mos-FET HU:P
Ansteuerung
Pegelmessung Xf
.  — * X55/18 und X16/12
pP <1 L
10k
J {__ +— UB
Starterrelais
22k

Basic circuit diagram for starter relay level measurement

Starter relay

For level detection in the MR2 (checking of both FETs in the main branch and detection of line breaks during the start-

up phase), the starter relay may not exceed specific limits regarding internal resistance (< 400Q2) and inductance (<
900 mH).

Diagnosis
The starter actuation circuit is checked in two stages:

* Firstly, after terminal 15 is switched on, MOSFET 1 is activated and the level read back. Then MOSFET 2 is activated
and a level check performed.

* When terminal 50 is switched on for the first time, both FETs are actuated briefly and a level and short circuit check
performed. The emergency branch transistor is then actuated and a level and short circuit check performed.
Starter actuation ensures the following:

* The starter can be operated by the MR2 control unit even if terminal 50 is not activated (operation of start button
or operation via CAN message).

* If the control unit or wiring is faulty (e.g. no terminal 30 activation), the starter can be operated via terminal 50
(emergency branch).

* The starter can be deactivated by the control unit even when terminal 50 is activated.
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Communications interfaces

The MR2 control unit features two interfaces for bi-directional communication:
* the engine CAN interface and the

* diagnostics interface (K-line)

The MR2 version has an additional CAN interface.

Engine CAN interface

This is used to communication with the LS engine CAN in the vehicle.

The CAN controller is incorporated in the Siemens microprocessor SAKC167CS. When the Siemens processor starts
up, the CAN bus is also activated. The CAN software is called up within a ten millisecond time frame.

The CAN works with a low-speed, high-level interface that is operated with battery voltage.
The interface works with signal levels of 1/3 UB and 2/3 UB and is operated at 125 kbit/s.
The interface can be operated in the following operating modes by means of signals CAN-A and CAN-B.

ASEL BSEL Status
0 0 Mute
0 1 Single-wire CAN-L
1 0 Single-wire CAN-H
1 1 Two-wire
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[nitialization

In the initialization phase, the registers required for operation of the CAN controller, are assigned. The data that are
transmitted via the CAN are set to OxFF (signal not available). The operating mode of the physical interface is set to
two-wire operation.

Fault detection

If the ramp-up time of three hundred milliseconds is reached or the first identifier 594 has been received, the CAN
software starts fault detection. In each cycle, a check is made to see whether identifiers 594 and 595 have been re-
ceived from the vehicle electronics (FR). There is a fault counter for each identifier. If an identifier is missing, the re-
spective fault counter is incremented. If the identifier is there, the fault counter is set to zero. If the fault range of
fifteen (corresponding to 150 ms) is exceeded for one of the two identifiers, the CAN fault is set and the engine
switches to CAN limp home mode. Only when both identifiers have been received again will the CAN fault be reset
and the engine exit CAN limp home mode.

CAN single-wire capability

If a fault is detected when transmitting CAN messages, an attempt is made to re-establish the connection by means
of just one of the two CAN lines. If this is successful, an attempt is made after ten seconds to switch back to two-
wire operation. If the attempt is unsuccessful, the system is switched back to single-wire mode and another attempt
to switch back is made after a further ten seconds. The switching to single-wire operation and switching back to two-
wire operation happens so quickly that it is not possible for CAN limp home mode to be activated.

Monitoring the fault counter

If identifier 594 is not received for thirty milliseconds, the physical interface is switched back and forth between sin-
gle-wire CAN_L and single-wire CAN_H mode in ten millisecond cycles. If identifier 594 is received on a wire, single-
wire mode is retained until an attempt to switch back to two-wire mode is initiated by the vehicle electronics.

The vehicle electronics must initiate an attempt to switch back after ten seconds. If the attempt is not successful,
the system switches back to the old single-wire mode and, after a further ten seconds, another attempt to switch
back is made. If 10 attempts to switch back have been made in succession and were not successful, a CAN_L or

CAN_H fault is stored in the fault memory, depending on which interface line is still working.

Monitoring the buso_ff

If a BusOff is detected, the sending of identifiers will be locked and the CAN controller is initialized to 1 Mbit/sec.
Once the BusOff status has ended, the CAN controller is re-set to 125 Kbit/sec. After that the system switches back
and forth between single-wire CAN_L and single-wire CAN_H mode in ten millisecond cycles for a maximum period
of eighty milliseconds. If identifier 594 has been successfully received on one wire, transmitting is enabled again and
single-wire mode is retained until the attempt is made to switch back to two-wire mode.

If no identifier 594 has been received after eighty milliseconds, the system switches to two-wire mode and transmit-
ting is enabled again.

Diagnostics interface (K-line)
ISO diagnosis and CONAS operation are performed via the K-line.

On the hardware side, the diagnostics interface of the MR2 control unit is implemented with bus driver IC SI 9241.
The K-line level is dependent on the operating voltage of the MR2 control unit (e.g. +27 V); consequently, to ensure
correct adaptation to an RS 232 interface (+ 12V), a further external K-line adapter (e.g. level converter) is required.
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Ground keying
Ground keying (i.e. the K-line level is connected to ground) enables switching between different K-line operating
modes and deletion of the control unit's fault memory.

Fault memory: a ground keying of 1.9 £ 0.02 seconds is required to delete the fault memory; this has to be generated
by an external testing device.

Operating modes:

* Free-running (monitor mode)

After the fault memory is deleted, the system switches back to free-running mode. (see the following tables of free-
running messages).

* |SO diagnostics (in accordance with the ISO standard)

A ground keying of between 0.02s and 0.035s switches the system to dialog mode.
* CONAS (configurable application system)

A ground keying of between 0.95s and 1.05s switches the system to CONAS mode.
* TDC output

A ground keying of between 4s and 15s switches the K-line to TDC signal output. At each ignition TDC of the en-
gine, the K-line level is set to "low" for a period of 10 °CA. Delete memory A ground keying of between 1.88s and
1.925s enables the fault memory to be deleted.

Major components CAN interface

The major components CAN interface is used to communicate with the control unit for exhaust gas aftertreatment in
the vehicle and is only installed for the MR2B release.

This second CAN controller is also incorporated in the Siemens microprocessor SAKC 167CS. When the Siemens pro-
cessor starts up, the CAN bus is also activated. The CAN software is called up within a twenty millisecond time frame.

The major components CAN works with a high-speed, low-level interface that is operated at a fixed level (with respect
to a supply voltage of Vcc = 5 volts); fundamentally, it only operates in two-wire mode.

The interface works at signal levels of 1/3 Vcc and 2/3 Vcc and is operated at 250 kbit/s.
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MR2 ground concept

To prevent ground loops and associated EMC coupling and ground voltage offsets, the sequential concept was se-
lected for the MR2 control unit ground connection and all external connections. This ensures that current always
flows back via the MR2's ground line to the battery.
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MR2 ground concept

To prevent ESD malfunctions, the MR2's metal housing has a low-resistance connection to the control unit via a 940€2
resistor-itis therefore important to implement design measures to ensure that no external ground short is generated
via the metal housing. To suppress rapid ESD interference pulses, a 1nF capacitor is installed parallel with the shunt
resistor.

Safety concept
Single-wire capability of engine CAN

If a fault is detected when transmitting CAN messages on the engine CAN, an attempt is made to re-establish the
connection by means of just one of the two CAN lines. If this is successful, an attempt is made after ten seconds to
switch back to two-wire operation. If the attempt is unsuccessful, the system is switched back to the old single-wire
mode and another attempt to switch back after a further ten seconds. The switching to single-wire operation and
switching back to two-wire operation happens so quickly that that it is not possible for CAN limp home mode to be
activated.

System limp home capability
Failure of microprocessor 2

If the limp home controller fails, the control unit retains full engine functionality, except for the following:
* Main controller check

* Reading in start/stop button

» Diagnosing sensor supply voltages Usens1 and Usens2

* Recording internal control unit temperature

» Diagnosis of turbocharger speed input

» Switching of turbocharger speed evaluation threshold to low sensitivity

* Heater flange diagnostics input

* Crankshaft/camshaft input diagnosis (line break, short circuit)

» Crankshaft/camshaft sensor polarity reversal detection
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Crankshaft limp home mode

If the main computer does not detect a camshaft signal when starting, a switch is made to crankshaft limp home

mode. This means that two cylinders, offset from each other by 360° are actuated simultaneously (double firing).
Engine protection is activated once the starting procedure has been exited; both engine speed and output may be
restricted as a result.

If the camshaft fails during engine operation, crankshaft limp home mode is detected. The system continues to work
normally as synchronization has already been performed, engine protection is activated.

Camshaft limp home mode

If the main computer does not detect a crankshaft signal when starting, a switch is made to camshaft limp home
mode. Engine protection mode is activated once the starting procedure has been exited.

If the crankshaft fails during engine operation, camshaft limp home mode is detected. Engine protection is activated.

LS-CAN limp home mode

If data are implausible or faulty or if the connection via the LS-CAN bus malfunctions, a switch is made to regulated
CAN limp home mode.

Microprocessor 2 limp home mode

If the main computer in the MR2 control unit fails, the limp home computer (microprocessor 2) takes over the task
of actuating the solenoid valves. The processor regulates engine speed to between 800 and 1300 rpm. The limp home
rpm is programmed by the main computer. This status can only be exited by switching off the control unit.

Engine protection

In order to protect the engine against overload in certain operating states, various protective functions (e.g. power
reduction) are implemented in the MR2 engine electronics; these functions may affect requested torque and start of
delivery.

Control unit function monitoring (diagnosis)

Functions for monitoring the engine electronics (sensors, actuators, etc.) have been incorporated so that faults may
be detected and appropriate remedial or substitute measures may be implemented.

Sensor monitoring
Temperature and pressure sensors

Fault detection: measuring range has been undershot or exceeded.

After the sensor voltages have been read in, a check is made to see whether the voltage values are within the valid
range.

If a voltage value is outside the range, it is initially assumed that this is a sporadic fault and the last valid value is used
for the subsequent calculations. A fault triggering counter is also incremented. If the trigger counter reaches its max-
imum value, the corresponding fault code is stored and a substitute value is used.

Measures implemented in the event of faults: use of substitute values.
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Crankshaft sensor

A distinction is made between three types of fault:
* Crankshaft timeout

* Crankshaft sensor has wrong pole connection

* Crankshaft sensor ground short or line break

Camshaft sensor (cylinder 1 detection)

A distinction is made between three types of fault:
* Camshaft timeout

» Camshaft sensor has wrong pole connection

» Camshaft sensor ground short or line break

Substitute sensor values

If the sensor should fail or implausible sensor voltages arise, so-called substitute values are generated.

Monitoring the actuators
Solenoid valves
Fault detection: short circuit

The short-circuit statuses UBat short, ground short and valve short can be detected by the software. Here, the short
circuit is determined by means of the rate of rise of the switch-on current.

If a Ug,; short or a valve short is detected during operation, the corresponding fault is logged in the fault memory.
Ground shorts can only be detected in ramp-up mode. In this case, an impact fault is logged in the fault memory dur-
ing operation. The fault is then detected as a ground short at the next ramp-up.

If the hardware detects a fault due to a short circuit threshold being exceeded, the hardware will be switched off to
protect itself.

Measures in the event of a fault: solenoid valve in which the short circuit fault was detected is switched off. The valve
remains switched off until the control unit is started again via terminal 15 or the fault is deleted from the fault memory.

Fault detection: no impact

The solenoid valves are not regarded as fully open until the armature impact (equal to the electrical start of delivery)
has occurred. It is therefore necessary to calculate the time between electrical activation and the impact of the so-
lenoid valve (impact time). The switch-on time must be ADVANCED by this amount of time to maintain the correct
start of delivery. For this purpose, the time of impact is detected by the hardware and conveyed to the microproces-
sor. If the time is outside the defined time window, an impact fault is detected.

Measures in the event of a fault: if an impact fault is detected, the last valid impact time is used.

Fault detection: faulty solenoid valve actuation

After the solenoid valve is switched on, the valve current must have exceeded a specified current threshold after a
specific period of time (= f (Ugg)). If this current threshold is still not exceeded after a configured period of time, an
actuation fault is detected. .

Measures in the event of a fault: the unit pump in which the actuation fault occurred, continues to be actuated electri-
cally.
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Proportioning valves

Fault detection: ground short

If, when a proportioning valve is actuated, a short circuit occurs several times in succession at the actuating pin of
one or more proportioning valves, a "short circuit" fault for the corresponding output (prop. valve 1 to 8) is stored in
the fault memory.

Measures in the event of a fault: proportioning valve in which the short circuit fault was detected is switched off. The
valve remains switched off until the control unit is started again via terminal 15 or the fault is deleted from the fault mem-
ory.

Starter actuation

Fault detection: ground short

If, when the starter is actuated, a short circuit occurs several times in succession at the actuating pins of the starter,
a "starter actuation ground short" fault is stored in the fault memory.

Measures in the event of a fault: no further actuation of the starter until the next re-start via terminal 15 or until fault is
deleted from the fault memory.

Fault detection: line break

If the starter is not actuated, the voltage level of the starter output stage is used to detect whether there is a line
break. At the next start, the fault "line break" will then be logged in the fault memory.

Measures in the event of a fault: none
Fault memory

Fault detection is performed in the individual basic functions (sensor signal processing, actuator activation, etc.). Log-
ging of the fault code in the fault memory and the updating of the fault counter are performed in the main program.
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Detection of hardware

Detection of MR2A and MR2B hardware version

When the control unit is ramping up, the software checks to see whether the hardware used is an MR2A or MR2B
control unit.

If it is not possible to say definitively which hardware is being used, it is assumed to be MR2B hardware in order to
ensure the Euro 4 application. At the same time, the fault 40 50 "Internal control unit fault: incorrect hardware ID" is
stored. This ensures that Euro 4 vehicles always get a fault log; this can result in the MIL coming on in the display.

Torque control

Structure/calculation of set torque

The key parameter for torque control in the engine control unit is the set torque. This relative indicated torque is the
current engine load. The parameters "start of delivery" and "angle of delivery" are calculated from the set torque. They
adjust the corresponding setpoint by means of unit pump actuation. In addition, the current absolute actual engine
torque is calculated from the set torque and this is transmitted on the CAN. A state detection function distinguishes
between various engine states and, for example, controls the torque calculation switch-over to starting mode, idle
control mode, etc. (see section on "Detection of engine state", Page 85).

Another important input parameter for state detection and set torque calculation is the engine speed, although this
does not feature any further here.

* Requested torque

The requested torque is calculated from the absolute torque request from the CAN; this too is processed as a rel-
ative indicated torque. The requested torque is derived from the current accelerator pedal position. When operat-
ing without CAN, the requested torque can be specified directly as a relative indicated torque via an unused sensor
input.

* Active vibration damper

A vibration damper can be activated via the CAN to dampen any vibrations that have been induced by the power-
plant. The filter counteracts any vibrations that arise, the filter output is therefore deducted from the requested
torque.

* Requested torque gradient restriction

In load-off conditions, the requested torque is forwarded with a delay. A minimum requested torque gradient can
be activated for this purpose This occurs when a minimum requested torque is exceeded and a negative requested
torque gradient threshold is not reached. The function is only activated in controlled engine-on mode.

e Limit torque
The limit torque is the maximum engine torque permissible in the current operating state and is essentially deter-

mined by the full-load restriction and the smoke map. Engine protection functions may reduce this torque even
further. The requested torque is always restricted to this value.

* |dling speed governor

In engine-on mode, the idling speed governor limits the engine speed to a minimum necessary or minimum per-
missible value and is designed as a PID controller. The setpoint engine speed may be increased, for example, as a
function of temperature or via the CAN. A max. logic gating of the controller output with any restricted requested
torque ensures that the engine speed is observed. To prevent any accelerator free travel, this structure requires a
start-off function to be implemented in the vehicle electronics. This enables the start-off behavior to be specified
and adapted independently via the vehicle electronics.
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Working speed governor

Switching to working speed control results in the operating state being regulated entirely by engine speed. Re-
quested torque instructions and idling speed control do not have any effect in this mode. The working speed gov-
ernor ensures that the idling speed is observed.

Maximum engine speed control:

A maximum speed governor ensures that the maximum permissible engine speed is observed in all operating
states. The maximum speed governor is designed as a Pl controller. The set torque can be reduced to zero (no
injection) by means of a minimum logic gating. The maximum governed engine speed can be reduced by engine
protection functions or via the CAN.

Torque limiter

When the torque limiter is activated, a min. logic gating ensures that specific torque limits are observed. The set
torque after maximum speed control is controlled by the "torque limiter" function and min. logic gated with the
maximum torque limiter torque.

Engine protection functions

A min. logic gating ensures that specific torque limits are observed in limp home mode. The set torque after torque
limiter is controlled by the "engine protection - exhaust gas temperature" function, where it is min. logic gated with
the maximum exhaust gas temperature torque and the maximum torque for crankshaft/camshaft faults (see En-
gine protection - exhaust gas temperature).

Starting torque calculation

In starting mode, the set torque is calculated by the starting function. In this purely time-controlled mode, request-
ed torque, idling speed control and engine speed control do not have any effect.

Set torque correction
This function corrects the nominal set torque to compensate for the effects of temperature and engine variations.

Start of delivery calculation

Depending on the operating state, the start of delivery is calculated for starting mode or for engine ON operation
as a function of the set torque.

Start of delivery restriction
The calculated start of delivery is restricted to the current maximum permissible and a minimum permissible value.

Angle of delivery calculation

The angle of delivery is calculated from the pulse width map as a function of the corrected set torque; the angle of
delivery, by means of the duration of actuation of the unit pumps, is a measure for the injection quantity. Cylinder-
selective torque corrections (e.g. from the smooth-running controller, etc) are also carried out in this angularly
aligned part of the torque controls.

Injection control

The injection control system implements the specified angle for start of fuel delivery (start of delivery, electrical
reference mark) and the specified duration of delivery (angle of delivery) by actuation of the unit pumps.

Injection control and angle of delivery are calculated at synchronized angles; all other functions of the set torque cal-
culation are processed in a time window.

83



Description of software

Map switching

The map switching function requires several power categories to be stored in the MR where they can be activated
depending on requirements.

In principle, map switching supports the "CruiseControl", "PullAway" and "Regeneration" functions. The CruiseControl
functions work exclusively with power categories 0 and 1. The PullAway function works exclusively with power cate-
gories 0 and 14, whereby the maps for power category 1 are accessed if power category 14 is requested. The Regen-
eration function works with power categories 0 and 13, whereby the maps for power category 1 are accessed if power
category 13 is requested. Parallel operation of "CruiseControl", "PullAway" and Regeneration is not possible.

For the "CruiseControl" and "PullAway" functions, the different power categories are activated via the CAN-ID 1363,
byte 3, bit 4...7. Depending on requirements, the switch to another power category may be done by means of a ramp.
The duration of the ramp is transmitted in CAN-ID 1363, byte 4, bit 0...7.

For the "Regeneration" function, the different power classes are activated by means of the appropriate enable which
is based on the regeneration strategy. Depending on requirements, the switch to another power category may be
done by means of a configurable ramp in the data set.

For test purposes, map switching can also be activated by direct entry in the Marc Diagnostic GK. However, the re-
spective test function must first be enabled in the map data set. Simultaneous activation of map switching via the
test function and CAN is not possible. If power category 13 is requested with the regeneration test function, a regen-
eration cycle will take place automatically.

If map switching is not activated in the MR, or if a power category is requested that is not enabled or not implemented,
the default power category is always activated (class 0).

Map switching process
Switching via CruiseControl or PullAway:

If power category switching has been activated via the CAN (standard CruiseControl or PullAway operation), the FR
can request a power category with a specified switching duration. The power category request is made via CAN-

ID 1363, byte 3, bit 4...7. The currently activated power category is shown in CAN-ID 1623, byte 4, bit 0...3. The
switching duration is specified in CAN-ID 1363, byte 4, bit 0...7. After a specified power category has been requested,
it will switch to being the new actual power category during the switching period. The switching is performed using a
linear weighting function.

If power category 15 (s.n.a.), 14 or 13 is requested and the PullAway function is not activated, or if map switching is
not activated in the map data set, no map switching is supported. In this case, the MR works with power category 0
only (default power category). Marc will display power category 15 as the current power category.

The default setting in the MR is power category 0. If, after control unit initialization, a power category other than the
default power category is required, this must be requested by the FR.

After the switchover, the complete full-load characteristic curve of the now current power category is transferred
from the MR-PLD.

The following also applies to activated map switching: if the switching period is not yet complete, the MR ignores any
further map switching requests provided that no request with a switching duration of 0 s is made. If, during a map
switching process with a switching duration > 0 s, the switching duration of O s is set (request via CAN-ID 1363,
byte 4, bit 0 to 7), an immediate switch will be made to the map that is specified in the same request (CAN-ID 1363,
byte 3, bit 4 to 7). This is the cancellation of a "soft" map switchover by a "hard" switchover to any map.
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Switchover via regeneration:

The desired power category and duration is specified by the regeneration function. To show that map switching is
taking place, the specified category is displayed via CAN-ID 1623, byte4, bit 4 to 7. It is only output if the regeneration
function is enabled.

Map switching: test function

If the respective map switching test function is enabled in the data set, the specified power category and switching
duration instructions are given via the application system. Requests via the CAN are not taken into account here.

Map switching: weighting function

A weighting factor (map data set factor) is calculated in relation to the switchover period. The factor is calculated in
the 10ms time slice and acts on all quantities that are affected by the map switchover. At the start of a map switcho-
ver, the weighting factor is 1 and is reduced down to 0. Once 0 is reached, the current power category is set to the
specified power category and the weighting factor jumps back to 1. To avoid unnecessarily long software run times,
there is no weighting procedure after the switchover.

Detection of engine state

Engine state detection is the key torque control factor in the engine control unit and is used to determine the engine's
current operating state. This is checked every 10 ms. The associated functions for calculating the set torque and
thereby the angle of delivery and start of delivery, are processed on the basis of whichever operating state has been
determined. In the current engine state, invalid functions are reset or remain in a defined state. The injection control
strategy is considered to be the engine state. If the engine switches from one state to another, initialization is some-
times performed.

A distinction is made between the following engine states:

» Stop: no injection, switch off engine.

» Start: engine start, time-controlled calculations.

 Start abort: maximum starting period exceeded, no injection

* On -idle: engine idling, regulated operation with idling speed governor.

* On - working speed control: engine-speed regulated operation with working speed governor.
* On - controlled: controlled operation via torque request (requested torque)

* On - limp home: regulated operation in CAN limp home mode with limp home controller

"Stop" engine state

Torque control basic setting. In the "engine stop" state, injection is switched off, the engine is about to be stopped
or is already off.

Conditions for transition to "stop":

The engine state remains in or switches from any of the other states to "stop" if:

e terminal 15 is switched off, or

* no engine speed is detected (0 rpm), or

* the engine speed is less than the configured stop rpm and the starter is switched off, or

* the stop button on the engine is actuated and available vehicle speed is less than/equal to the configurable thresh-
old, or

* the start button has been released after a "start with the start button" and pressed again, or
* a "zero quantity" has been received via the CAN (ID 594, byte 4, bit 3 = 1), or

¢ the immobilizer has not been deactivated, or

* the engine control unit has detected and set a starting lock (ID 596, byte 3, bit 4 = 1), or

* the injection system has been locked (ID 8178 = 1 or PID 111, bit 0 = 1).
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A starting lock is detected and output via the CAN (ID 596, byte 3, bit 4 = 1) if:

* "starting lock" is received via the CAN (ID 594, byte 4, bit 4 = 1) and the torque control system of the engine's
electronics is not yet in "engine on" mode, or

* the engine electronics' starter actuation system detects an external, unintended starter actuation, or

* CAN limp home mode 2 is active, or

* the NOx commissioning routine is active or the remaining period of the NOx commissioning starting lock has not
yet expired.

Actions in "Stop" state

All torque control functions as well as the main system parameters of angle of delivery (= -45 °CA), start of delivery
(= 0 °CA before TDC) and set torque (= 0%) are reset.

To make engine coast-down as smooth as possible and prevent the engine from coming to a stop in the same position
every time (causing wear on the starter ring gear), the constant throttle can be requested when stopping the engine
in the "stop" engine state, provided the engine is still turning. In addition, any engine protection function that has
been triggered due to excess turbocharger pressure will only be reset in the engine "stop" state when the engine is
stationary.

Function Active Inactive

Limit torque calculation

Dynamic torque correction (load)

Transient state detection (start of delivery)

Engine protection functions (camshaft/crankshaft fault, oil pressure)

x| X[ X| X| X

Maximum engine speed control:

Engine stop with constant throttle X

Exiting the "stop" state

If the "stop" state conditions are no longer valid, it is possible to switch to one of the other engine states, namely
"start", "on - idling" or "on - working speed control".

"Start" engine state

The engine "start" state is a mode that is controlled in accordance with a fixed procedure; torque requests have no
effect. Likewise the engine speed governor is inactive.

Conditions for switching to or remaining in the "start" state
The transition to the "start" state is only possible from the "stop" state and occurs if:

* the starteris switched on and the engine speed is greater than zero, but less than the configured starter demeshing
speed or the engine speed is greater than the stop engine speed but less than the configured starter demeshing
speed, and

* no conditions for a switch to the "stop" state are valid.

The starting torque calculation is initialized with the transition to the "start" state. Here, the starting ramp is reset
and the point at which the start commences is recorded, provided this has not already occurred due to actuation of
the starter. The starter demeshing speed is calculated from a characteristic curve as a function of coolant tempera-
ture.
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Actions in the "start" engine state

The setpoint torque, and thereby the angle of delivery in starting mode, is calculated as a function of coolant temper-
ature and the starting period by means of a fixed procedure (see Starting torque calculation). The engine speed gov-
ernor is inactive, torque requests (requested torque) have no effect. In starting mode, the start of delivery is
calculated in accordance with a dedicated strategy (see Start of delivery calculation).

Function Active Inactive
Limit torque calculation X
Dynamic torque correction (load) X
Transient state detection (start of delivery) X
Engine protection functions (camshaft/crankshaft fault, oil pressure) X
Maximum engine speed control: X

Engine stop with constant throttle X

The "start" state remains for as long as the conditions for the transition to start are still valid and none of the condi-
tions for leaving the state are valid.

Exiting the "start" state

The "start" state switches to the "stop" state as soon as one condition for the transition to the "stop" state becomes
valid. If this is not the case, a transition to one of the subsequent states of "start abort", "on -idling" or "on - working
speed control" is possible.

In a transition to one of the regulated operating states ("on - idling", "on - working speed control" or "on - limp home"),
the integrator is pre-controlled with a temperature-dependent torque (see also "Starting torque calculation"). The
starter demeshing time is also stored.

"Start abort" engine state

The "start abort“ engine state is a sub-function of the "start" state.

Conditions for switching to or remaining in the "start abort" state

Conditions for "start" state valid and starting duration is longer than the configured maximum starting time.
Actions in the "start abort" engine state

The set torque is set to zero (= 0%), therefore no injection. Otherwise "start“ state.

Exiting the "start abort" state

The "start abort" state switches to the "stop" state as soon as one condition for the transition to the "stop" state be-
comes valid. If this is not the case, a transition to one of the subsequent states of "on -idling" or "on - working speed
control" is possible.
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"On - idling" engine state

In the "on -idling" engine state, the engine speed is adjusted by the idling speed governor. Idling mode, together with
controlled mode, are the two driving states.

Conditions for switching to or remaining in the "on - idling" state

The engine state remains in or switches to the "on - idling" state if:

* the engine speed is greater than the starter demeshing speed and

* the engine speed is less than the governor demeshing threshold and

* the idling torque is greater than or equal to the requested torque and

* no CAN limp home is stored in the fault memory as an active fault and

* the conditions for switching to working speed control mode are invalid and
* no conditions for a switch to the "stop" state are valid.

The governor demeshing threshold is the difference between the specified governed speed at idle and the configured
demeshing threshold. As with negative standard deviation, negative demeshing thresholds mean engine speeds
above the nominal speed. There is also provision for a hysteresis. The transition from controlled mode to idling control

mode occurs at 10 rpm below the demeshing threshold, the transition from idling to controlled mode at 10 rpm above
the demeshing threshold.

If the torque condition for transition to controlled operation is not effective, the transition does not occur until the
idling speed governor's integrator is fulfilled.

Actions in the "on - idling" engine state

The set torque is produced from the max. logic gating of the idling control torque and the requested torque (which
may be limited). The start of delivery is calculated in accordance with the strategy for engine-on operation.

Function Active Inactive
Limit torque calculation

Dynamic torque correction (load)

Transient state detection (start of delivery)

Engine protection functions (camshaft/crankshaft fault, oil pressure)
Maximum engine speed control:

Engine stop with constant throttle X

X[ X[ X| X| X

Exiting the "on - idling" state

The "on - idling" state switches to the "stop" state as soon as one condition for the transition to the "stop" state be-
comes valid. If this is not the case, a transition to one of the subsequent states of "on - controlled", "on - working
speed control" or "on - limp home" is possible.

"On - controlled" engine state

The "on - controlled" state is an operating state controlled by the torque instruction (requested torque).
Conditions for switching to or remaining in the "on - controlled" state

The engine state remains in or switches to the "on - controlled" state if:

* the engine speed is greater than the governor demeshing threshold or, in the "on - idling" state, the requested
torque is greater than the idling torque, and

* no CAN limp home is stored in the fault memory as an active fault and
* the conditions for switching to working speed control mode are invalid and
* no conditions for a switch to the "stop" state are valid.
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Actions in the "on - controlled" engine state

The set torque is determined by the requested torque, which may be restricted. The start of delivery is calculated in
accordance with the "engine on mode" strategy.

Function Active Inactive
Limit torque calculation

Dynamic torque correction (load)

Transient state detection (start of delivery)

Engine protection functions (camshaft/crankshaft fault, oil pressure)
Maximum engine speed control:

Engine stop with constant throttle X

x| X[ X| X| X

Exiting the "on - controlled” state
The "on - controlled" state switches to the "stop" state as soon as one condition for the transition to the "stop" state

becomes valid. If this is not the case, a transition to one of the subsequent states of "on -idling", "on - working speed
control" or "on - limp home" is possible.

In the transition to one of the regulated operating states of "on - working speed control" or "on - limp home", the
integrator is pre-controlled with the last engine load. In the transition to the "on - idling" state, the last engine load is
compared with a torque that is dependent on the coolant temperature and the time since starter demesh and the
integrator is pre-controlled with the larger of the two values.

"On - working speed control" engine state

The "on - working speed control" engine operating state is controlled purely by engine speed. Governor type, nominal
engine speed and additional torque restrictions can be specified via the CAN.

If operating without the CAN, the mode can be set via the data set; in every case, the switchover to working speed
control is performed after starter demesh.

Conditions for switching to or remaining in the "on - working speed control" state
The engine state remains in or switches to the "on - working speed control" state if:

* in engine-on mode ("on - idling", "on - controlled", "on - limp home" state), the conditions for switching to working
speed control mode are valid, and

* no CAN limp home is stored in the fault memory as an active fault and
* no conditions for a switch to the "stop" state are valid.

To switch to working speed control mode, a valid nominal speed and a valid torque restriction must have been re-
ceived from the engine control unit, and one of the engine speed governor types 0 to 5 must have been selected.

Actions in the "on - working speed control” engine state

The set torque is calculated by the selected engine speed governor. The start of delivery is calculated in accordance
with the "engine-on mode" strategy.

Function Active Inactive
Limit torque calculation X
Dynamic torque correction (load) X
Transient state detection (start of delivery) X
Engine protection functions (camshaft/crankshaft fault, oil pressure) X
Maximum engine speed control: X
Engine stop with constant throttle X
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Exiting the "on - working speed control” state

The "on - working speed control" state switches to the "stop" state as soon as one condition for the transition to the
"stop" state becomes valid. If this is not the case, a transition to one of the subsequent states of "on - idling", or "on
- limp home" is possible.

"On - limp home" engine state
The "on - limp home" engine state is a regulated operating state for when the engine is operated with CAN faults.
Conditions for switching to or remaining in the "on - limp home" state

The engine state switches from one of the "engine on" operating states to "on - limp home" if a CAN fault (mode 0 or
1) is logged as an active fault in the fault memory. If this is the case, and no conditions for the "stop" state are valid,
the "on - limp home" state is retained.

Actions in the "on - limp home" engine state

The set torque is calculated by the limp home controller. The idling speed governor is used as the limp home control-
ler; however the nominal speed and the maximum control torque are calculated in accordance with a different strat-
egy (see "ldling speed governor, " Page 82). The start of delivery is calculated in accordance with the strategy for
"engine on" mode.

Function Active Inactive
Limit torque calculation X
Dynamic torque correction (load) X
Transient state detection (start of delivery) X
Engine protection functions (camshaft/crankshaft fault, oil pressure) X
Maximum engine speed control: X
Engine stop with constant throttle X

Exiting the "on - limp home" state

The "on - limp home" state switches to the "stop" state as soon as one condition for the transition to the "stop" state
becomes valid. If this is not the case, a transition to one of the subsequent states of "on - idling", or "on - working
speed control" is possible.

Requested torque gradient restriction

In load-off conditions, the requested torque is forwarded with a delay. A minimum requested torque gradient as a
function of engine speed and the rpm gradient can be activated for this purpose This occurs when a minimum re-
quested torque as a function of engine speed is exceeded and a negative requested torque gradient threshold as a
function of engine speed is not reached. The function is only activated in controlled engine-on mode.

Limit torque calculation
The "limit torque" calculation function calculates the maximum engine torque that is permissible at the current engine
operating point and in the current ambient conditions.

The calculated limit torque is used to restrict the torque request (requested torque), the working speed governors,
the idling speed governor and the controller in the CAN limp home mode. The starting torque calculation is limited
by its own dedicated restrictions. The limit torque is also used to calculate the maximum possible instantaneous en-
gine torque.
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The limit torque calculation is made up of the following:

Full-load restriction

The maximum permissible engine torque for the current engine speed is calculated from the "power restriction"
characteristic curve. This characteristic curve corresponds to the engine's full-load torque curve and describes the
maximum permissible steady-state engine torque and the desired torque characteristic as a function of engine
speed.

Altitude correction for full-load restriction

The maximum permissible torque for operation at high altitudes is calculated from a map as a function of engine
speed and atmospheric pressure. This value can be used to reduce the current full-load torque by means of a min.
logic gating.

Dynamic torque correction load

The result of this function is added to the result of the full-load torque/altitude correction MIN logic gating. This
enables the permissible full-load torque for the current engine operating point to be increased or reduced as a func-
tion of the change in the torque request.

Engine protection - charge air temperature

A further MIN logic gating is implemented to reduce the maximum permissible engine torque if charge air temper-
atures are too high. More information on this can be found in the section "Engine protection - charge air tempera-
ture".

Engine protection - charge air pressure

This engine protection function enables the maximum available torque to be reduced by multiplying the interim
results with the charge air pressure limit factor (see "Engine protection - charge air pressure" and "Charge air pres-
sure control").

Engine speed gradient restriction

A correction torque can be entered into a map as a function of engine speed and the engine speed gradient. This
will then reduce the limit torque by the respective amount. This helps to prevent high levels of engine acceleration
that, amongst other things, can result in inadmissible turbocharger speed overshoots.

Engine protection - coolant temperature

The result of this engine protection function reduces the available engine torque by multiplying the interim result
with the coolant temperature limit factor.

Engine protection - exhaust gas recirculation

The result of this engine protection function reduces the available engine torque when operating with continuously
variable exhaust gas recirculation. This is done by multiplying the interim result with the exhaust gas recirculation
limit factor (see "Engine protection - exhaust gas recirculation").

Reduced EGR regulation

When operating with continuously variable exhaust gas recirculation, the available engine torque is reduced by
multiplying with the "reduced EGR limit factor" as a function of engine speed and the difference between the EGR
specified PWM and the EGR actual PWM.
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* Smoke limiting
Smoke limiting is implemented as a function of the selected EGR mode (see also the section on exhaust gas recir-
culation):
EGR mode: EGR control for VIG scavenging gradient

The maximum permissible torque for ensuring smoke-free engine operation and acceptable driveability is calculat-
ed for the current engine speed and available air mass from the smoke map.

To improve the engine's dynamic performance at higher altitudes and prevent increased smoke emissions when
the engine is cold, the smoke torque is corrected with the product of the correction factors "smoke torque, alti-
tude" and "smoke torque, cold". The previous interim result of the limit torque calculation is restricted to the cor-
rected smoke torque.

EGR mode: stepless EGR control

In parallel with the smoke torque, the maximum permissible torque with EGR for ensuring smoke-free engine op-
eration and acceptable driveability is calculated for the current engine speed and available air mass from the
"smoke limiting with EGR" map. The "weighting factor lambda a2 with EGR" is applied between the smoke torque
and the smoke torque with EGR. To improve the dynamic engine performance at higher altitudes and prevent in-
creased smoke emissions when the engine is cold, the result of the smoke torque weighting is corrected with the
product of the correction factors "smoke torque, altitude" and "smoke torque, cold". The previous interim result of
the limit torque calculation is restricted to the corrected result of the smoke torque weighting.

e Limit torque cold test

When the cold test (diagnostic request) is activated and the vehicle is stationary (v = 0 km/h), the limit torque
calculation is bypassed and the engine torque is restricted only by an engine-speed dependent characteristic
curve. The cold test mode is used for recording the acceleration characteristics of an engine at the manufacturing
plant under reproducible conditions and for verifying engine characteristics during servicing.

» (Catalyst temperature

The result of this engine protection function reduces the available engine torque by multiplying the interim result
with the "temperature in front of catalyst" limit factor (see "Engine protection - catalyst").

* Engine protection - exhaust gas turbocharger

The result of this engine protection function reduces the available engine torque by multiplying the interim result
with the "T4 exhaust gas temperature" limit factor (see "Engine protection - exhaust gas turbocharger").

The return value is the maximum torque permissible at the current engine operating point and is available as the limit
torque for further calculations.
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This chapter shows the programming interface between the MR2 control unit and a tool connected to the CAN bus.
The request and response messages are presented from the "perspective" of the tool. Diagnostic functions can be
requested on the K-line or the CAN bus. The section entitled "Scope of control unit diagnostic functions" contains

detailed descriptions.

The diagnostic statuses that form the basis of the chapter correspond to the hardware as follows:
* Diagnostic status 33 - MR2B hardware

* Diagnostic status 34 - MR2A hardware.

Only the corresponding hardware designation (MR2A or MR2B) is referred to in the following.

Scope of control unit diagnostic functions

Function mode Subfunctions Si);ecutable
Access authorization Eequest access authorization for security area 1/security area K-line/CAN
Write to memory (locally valid PIDs)  |Write security area 1/security area 2 access data K-line/CAN
Read out keywords
Read out A part number
Read out test program number/date of manufacture/engine
variant
Read memory (locally valid PIDs) Read out pontrol unit abbreviation of test device ID with soft- K-line/CAN
ware version access data
Read out diagnostic status
Read out hardware ID
Read software version boot sector
Read VIN
On-board checking/text information |Read out checking/text information CAN
Read out measurements Read out all measurements to.gth.er K-line/CAN
Read out each measurement individually
. Read out binary values all together .
Read out binary values Read out each binary value individually Kline/CAN
Read out entire fault memory
Read out fault memory Read out current faults K-line/CAN
Read out each fault storage location individually
Delete fault memory K-line/CAN
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Function mode

Subfunctions

Executable via

Diagnostic routines

Voltmeter function

Individual cylinder shut-off

Read status of individual cylinder shut-off
KW/NW polarity reversal detection

TDC output via K-line

Read/write service counter

Switch Motorola limp home processor on/off
NOx sensor commissioning routine

Permit repeated writing of EOL parameters
Permit repeated writing of KW TDC calibration
Switch EZA on/off

Adopt EZA values for basic adjustment

Switch on AVD, read out compression values for cylinders 1 to 4
Read out compression values for cylinders 5 to 8
Delete fault memory in power-down

Oil quantity in power-down to O liters

Read out map switching quantities

Request random number

Read out ID code, request transponder code
Program key provisionally

K-line/CAN

K-line

Diagnostic routines

Delete all provisionally programmed keys
Read out provisionally programmed keys
Program another key with X1 factor

Program key as only key with X2 factor
Deactivate immobilizer with X3 factor
Program previously stored key with X4 factor
Deactivate immobilizer with X5 factor

Read out number of keys in SG

Switch to CONAS mode

Cold test: activate /deactivate function

Cold test: activate/deactivate TDC signal output

Cold test: permit repeated writing of charge air pressure values
Lock/unlock the flash memory

Read out map set name and full-load curve

Request engine configuration

K-line

K-line/CAN

Upload/download functions

see upload/download table

K-line/CAN

Read/write parameters

Read number of parameter groups
Read number of parameters
Read/write parameters

K-line/CAN

Initialize /end diagnosis

Diagnosis, initializing diagnosis
Ending diagnosis

K-line/CAN

Read data

Read fan type map from vehicle electronics

CAN
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Reading measurements

The following tables contain measurements that are transferred to the TG by the SG (MR2A/MR2B) (diagnosis mode
0x22). Their corresponding physical units and resolution are also given. The tables also list reasons why measure-
ments may be unavailable. If a measurement is not available, OxFFFF is output.

Note

The sensors described in the following sections may be mounted on the engine (engine-mounted) or on the vehicle
(frame-mounted). Their respective installation location is denoted by an X or Y and is explained in a footnote below
the tables.

Table of measurements for MR2A hardware

No.|Measurements Unit Resolution Rea.son why measurement not
available
1 |Set engine torque (CAN) Nm 1 Nm CAN limp home mode
2 |Maximum instantaneous engine torque|{Nm 1 Nm -
3 |Actual engine torque Nm 1 Nm -
4 Angle of delivery (mean value for all cyl- SCA 0.1 °CA )
inders)
Start of delivery (mean value for all cyl- o _
S inders with start of delivery offset) CABTDC 10.1 °CA
6 |Current governed rpm rpm 1 rpm -
7 |Current maximum governed rpm rem 1rpm -
. CAN limp home mode or value on
8 |Governed rpm setpoint from CAN rpm 1 rpm CAN s.n.a.
9 |Redundant rpm (terminal W) from CAN|rpm 1 rpm CAN limp home mode or value on
CAN s.n.a.
10 |Engine speed rem 1rpm -
. . CAN limp home mode or value on
11 |CAN rpm gradient restriction rom/s 1rpm/s CAN s.n.a.
. CAN limp home mode or value on
12 |Vehicle speed from CAN km/h 1 km/h CAN s.n.a.
13 |Coolant temperature °C 1°C Faulty sensor
14 |Fuel temperature °C 1°C Sensor faulty or not installed
15 [Missing oil quantityy I 0.11 Sensor faulty or not installed
16 |QOil temperaturey °C 1°C Sensor faulty or not installed
17 |Charge air temperaturey °C 1°C Faulty sensor
18 |Charge air pressurey mbar 1 mbar Faulty sensor
19 |Atmospheric pressurey mbar 1 mbar Faulty sensor
20 |Qil pressurey mbar 1 mbar Faulty sensor
21 |Battery voltage mV 1 mV -

X: Sensor on engine
Y: Sensor on vehicle /frame
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Reason why measurement not

No.|Measurements Unit Resolution .
available
0...6, 8...11: ADR gover-
nor
22 |Governor type 1 15:idling speed gover-
nor
0 = Engine stop
1 = Start abort
2 = Engine start
3 = Idling speed control
23 |Engine status 1 4 = Working speed con-
trol
5 = Controlled mode
6 = CAN limp home
mode
24 |Fuel pressurey mbar 1 mbar Sensor faulty or not installed
25 Scavenging gradient (P2S-P3) no longer
available; value: OxFFFF
26 |Fan speed rom 1 rpm Time-out error Qr fan system with-
out rpm recording
Time-out error or no turbocharger
27 |Turbocharger speed 1 rpm 10 rpm speed sensor installed
28 Turbocharger speed 2 no longer avail-
able; value: OxFFFF
29 |Charge air temperature 2y °C 1°C Sensor faulty or not installed
30 |Temperature after EGR cooler (T6)y °C 1°C Sensor faulty or not installed
g [Cenerator speed pulse duration |, 1y rameterzed fo gonerator e
(from software release V06) .
cording
50 T4 temperaturey °C 1°C Sensor faulty or not installed

(from software release V07)

X: Sensor on engine
Y: Sensor on vehicle /frame
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Table of measurements for MR2B hardware

Reason why measurement not

No.Measurements Unit Resolution available
1 |Set engine torque (CAN) Nm 1 Nm CAN limp home mode
2 |Maximum instantaneous engine torque|Nm 1 Nm -
3 |Actual engine torque Nm 1 Nm -
4 Angle of delivery (mean value for all cylH SCA 0.1 °CA _
inders)
Start of delivery (mean value for all cyH, o
> inders with sta?/t (of delivery offset) ""|ecABTDC 0.1 °Ca )
6 |Current governed rpm rpm 1 rpm -
7 |Current maximum governed rpm rpm 1rpm -
. CAN limp home mode or value on
8 |Governed rpm setpoint from CAN rpm 1 rpm CAN s.n.pa.
9 |Redundant rpm (terminal W) from CAN|rpm 1rpm CAN limp home mode or value on
CAN s.n.a.
10 |Engine speed rpm 1 rpm -
. _ CAN limp home mode or value on
11 |CAN rpm gradient restriction rom/s 1rpm/s CAN s.n.pa.
. CAN limp home mode or value on
12 |Vehicle speed from CAN km/h 1km/h CAN s.ng.
13 |Coolant temperature °C 1°C Faulty sensor
14 |Fuel temperature °C 1°C Sensor faulty or not installed
15 [Missing oil quantityy I 0.11 Sensor faulty or not installed
16 | Oil temperaturey °C 1°C Sensor faulty or not installed
17 |Charge air temperaturey °C 1°C Faulty sensor
18 |Charge air pressurey mbar 1 mbar Faulty sensor
19 |Atmospheric pressurey mbar 1 mbar Faulty sensor
20 | Oil pressurey mbar 1 mbar Faulty sensor
21 |Battery voltage mV 1mV -
0...6, 8...11: ADR gover-
nor
22 |Governor type 1 15: idling speed gover-
nor
0 = Engine stop
1 = Start abort
2 = Engine start
3 = Idling speed control
23 |Engine status 1 4 = Working speed con-
trol
5 = Controlled mode
6 = CAN limp home
mode
24 |Fuel pressurey mbar 1 mbar Sensor faulty or not installed
25 Scayenging gradient (P2S-P3) no longer
available; value: OxFFFF
26 |Fan speed - 1 rpm Time-out error gr fan system with-
out rpm recording
27 [Turbocharger speed 1 rom 10 rpm Time-out error or no turbocharger

speed sensor installed
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28

Turbocharger speed 2 no longer avail-
able; value: OxFFFF

X: Sensor on engine

Y: Sensor on vehicle/frame
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Reason why measurement not

No.|Measurements Unit Resolution .
available
29 |Charge air temperature 2y °C 1°C Sensor faulty or not installed
30 |Temperature after EGR cooler (T6)y °C 1°C Sensor faulty or not installed
31 |Urea temperaturey °C 1°C Sensor faulty or not installed
32 |Urea pressure mbar 1 mbar Sensor faulty or not installed
33 |Urea tank fill levely % 1% Sensor faulty or not installed
34 |Temperature of urea tanky °C 1°C Sensor faulty or not installed
35 [Temperature before catalysty °C 1°C T-Kat1" or "T-Kat2" sensor faulty
or not installed
36 |Temperature after catalysty °C 1°C T-Kat1" or T-Kat2" sensor faulty
or not installed
37 |Compressed air pressurey mbar 1 mbar Sensor faulty or not installed
38 |Relative air humidityy % 1% Sensor faulty or not installed
39 | Air temperature (humidity sensor)y °C 1°C Sensor faulty or not installed
. . Sensor faulty, not installed or AGN
40 |Intake air humidityy g/kg 0.1 g/kg not active
41 |Current urea metering quantity g/h 0.5g/h AGN not active
42 |Cumulative urea consumption kg 0.15 kg AGN not active
. o o "T-Kat1" or "T-Kat2" sensor faulty
43 | Temperature in catalysty ¢ 4°C or not installed or AGN not active
4q Conerator speed pulse duration | g rameterizea for generator tpm re
(from software release V06) H H . & P
cording
DOC temperature™'y . . .
45 (from software release V07) C 1°C Sensor faulty or not installed
46 |DOC temperature-2y °C 1°C Sensor faulty or not installed
. Sensor for DOC temperature 1 or
47 Temperature in DOCy °C 4 °C DOC temperature 2 faulty or not
(from software release V07) .
installed
48 Pressure before particulate filtery mbar 1 mbar Sensor faulty or not installed
(from software release V07)
49 Pressure after particulate filtery mbar 1 mbar Sensor faulty or not installed
(from software release V07)
T4 temperaturey o o .
50 (from software release V07) C 1°C Sensor faulty or not installed
AGN function deactivated, Man-
NOx sensor temperature, filteredy o o nheim function active, NOx dew
51 C 1°C ) . .
(from software release V08) point enable active, sensor not in-
stalled or CAN fault
NOx conceqtrahon, filteredy (If .NOX AGN function deactivated, Man-
start-up active: NOx concentration . . .
52 ppm 1 ppm nheim function active, sensor not

start-up filtered)
(from software release V08)

installed, faulty sensor or CAN fault

X: Sensor on engine

Y: Sensor on vehicle frame
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Reading binary values
Table of binary values for MR2A

Note
For location of sensors, please refer to "Table of measurements for MR2A hardware®, Page 96.

No Information Bit Coding Remarks
00 = w/o variable brake
Equipment features 1...0 o j with variable brake
i 10 =n.d.
11 =s.n.a.
7 2 ltree reserved for other future equipment
features
00 = not requested
. 01 = requested
Warning buzzer 1...0 10 = n.d.
11 =s.n.a.
00 = not requested
01 = requested
Stop lamp 3..2 10 = n.d.
) 11 =s.n.a.
00 = no communication For two-wire CAN operation:
. 01 = communication
Status of CAN-LOW line 5.4 10 = n.d. Bit 5.4 = 01
11 =s.n.a. Bit 7...6 = 01
00 = no communication
Status of CAN-HIGH line 7..6 |01~ communication
10 = n.d.
11 =s.n.a.
00 = inactive
Terminal 15 status (MR) 1...0 ?(1) : :Célve Terminal 15 hardware input
11 =s.n.a.
00 = inactive
. . 01 = active
Terminal 15 info (CAN) 3...2 10 = n.d.
11 =s.n.a.
3 - -
00 = inactive
. 01 = active
Terminal 50 status (MR) 5...4 10 = n.d.
11=s.n.a.
00 = inactive
. 01 = active
Terminal 50 status (CAN) 7...6 10 = n.d.
11=s.n.a.

n.d. not defined
s.n.a. signal not available
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No Information Bit Coding Remarks
00 = not actuated
. 01 = actuated
Start button on engine 1..0 10=nd.
11 =s.n.a.
00 = not actuated
. 01 = actuated
Stop button on engine 3..2 10=nd.
11 =s.n.a.
4 - -
00 = inactive
. 01 = active
Starter actuation 5.4 10=nd.
11 =s.n.a.
00 = inactive
MR2 starting lock 7...6 01 = active
g “2 110 = n.d.
11 =s.n.a.
00 = inactive
01 = active
PV1 status 1..0 10=nd.
11 =s.n.a.
00 = inactive
01 = active
PV2 status 3..2 10=nd.
11 =s.n.a.
5 - -
00 = inactive
01 = active
PV3 status 5.4 10=nd.
11 =s.n.a.
00 = inactive
01 = active
PV4 status 7...6 10=nd.
11 =s.n.a.
00 = not requested
Engine braking stage 2 1.0 01 =requested
g § stag ~ 110 = n.d.
6 11 =s.n.a.
00 = not requested
. . 3,2 |01 =requested
Engine braking stage 1 10 = n.d.
7.4 |1111 =s.n.a.

n.d. not defined
s.n.a. signal not available
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No

Information Bit Coding Remarks
00 = inactive
Torque limiting by: 01 = active
. . 1...0
engine protection 10 = n.d.
11 =s.n.a.
00 = inactive
01 = active
Full load 3...2 10 = n.d.
11 =s.n.a.
7
00 = inactive
. 01 = active
Maximum speed control 5.4 10 = n.d.
11 =s.n.a.
00 = inactive
T 01 = active
Smoke limitation 7...6 10 = n.d.
11 =s.n.a.
00 = inactive
01 = active
PV5 status 1...0 10 = n.d.
11 =s.n.a.
8 00 = inactive
01 = active
PVé6 status 3...2 10 = n.d.
11 =s.n.a.
s.n.a 7.4 |1111 =s.n.a.

n.d. not defined
s.n.a. signal not available
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Table of binary values for MR2B

Note

For location of sensors, please refer to "Table of measurements for MR2B hardware®, Page 98.

No Information Bit Coding Remarks
00 = w/o variable brake
Equipment features 1...0 o j with variable brake
: 10 = n.d.
11=s.n.a.
7 2 ltree reserved for other future equipment
features
00 = not requested
. 01 =requested
Warning buzzer 1...0 10 = n.d.
11=s.n.a.
00 = not requested
01 = requested
Stop lamp 3..2 10 = n.d.
) 11=s.n.a.
00 = no communication For two-wire CAN operation:
. 01 = communication
Status of CAN-LOW line 5.4 10 = n.d. Bit5. 4=01
11 =s.n.a. Bit 7...6 = 01
00 = no communication
Status of CAN-HIGH line 7..6 |01~ communication
10 = n.d.
11=s.n.a.
00 = inactive
Terminal 15 status (MR) 1...0 (1)(1) Z iC(’;IVG Terminal 15 hardware input
11=s.n.a.
00 = inactive
. . 01 = active
Terminal 15 info (CAN) 3...2 10 = n.d.
11=s.n.a.
3 - -
00 = inactive
. 01 = active
Terminal 50 status (MR) 5...4 10 = n.d.
11=s.n.a.
00 = inactive
. 01 = active
Terminal 50 status (CAN) 7...6 10 = n.d.
11=s.n.a.

n.d. not defined
s.n.a. signal not available
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No Information Bit Coding Remarks
00 = not actuated
. 01 = actuated
Start button on engine 1..0 10=nd.
11 =s.n.a.
00 = not actuated
. 01 = actuated
Stop button on engine 3..2 10=nd.
11 =s.n.a.
4 - -
00 = inactive
. 01 = active
Starter actuation 5.4 10=nd.
11 =s.n.a.
00 = inactive
MR2 starting lock 7...6 01 = active
g “2 110 = n.d.
11 =s.n.a.
00 = inactive
01 = active
PV1 status 1..0 10=nd.
11 =s.n.a.
00 = inactive
01 = active
PV2 status 3..2 10=nd.
11 =s.n.a.
5 - -
00 = inactive
01 = active
PV3 status 5.4 10=nd.
11 =s.n.a.
00 = inactive
01 = active
PV4 status 7...6 10=nd.
11 =s.n.a.
00 = not requested
Engine braking stage 2 1.0 01 =requested
g § stag ~ 110 = n.d.
6 11 =s.n.a.
00 = not requested
. . 3.2 |01 =requested
Engine braking stage 1 10 = n.d.
7.4 |1111 =s.n.a.

n.d. not defined
s.n.a. signal not available
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No Information Bit Coding Remarks
00 = inactive
Torque limiting by: 1.0 01 = active
engine protection 7 [10=n.d.
11 =s.n.a.
00 = inactive
01 = active
Full load 3..2 10 = n.d.
11 =s.n.a.
7
00 = inactive
Maximum speed control 5.4 01 = active
P ~* 140 = n.d.
11 =s.n.a.
00 = inactive
T 01 = active
Smoke limitation 7...6 10=n.d.
11 =s.n.a.
00 = inactive
01 = active
PV5 status 1...0 10=n.d.
11 =s.n.a.
00 = inactive
01 = active
PVé6 status 3...2 10=n.d.
11 =s.n.a.
8 - -
00 = inactive
01 = active
PV7 status 5.4 10=n.d.
11 =s.n.a.
00 = inactive
01 = active
PV8 status 7...6 10=n.d.
11 =s.n.a.
00 = off
01=on
Status of NOxCare pump 1...0 10 =n.d.
11 =s.n.a.
Status of compressed air control 00 = not actuated
P 01 = actuated Takes electrical actuation into ac-
valve 3...2 10 = n.d count
(from software release V05) 11= s‘n ‘a
9 .n.a.
00 = off
. 01=on
Status of el. line heater 5.4 10 = n.d.
11 =s.n.a.
00 = inactive
I 01 = active
Ventilation mode 7...6 10 = n.d.
11 =s.n.a.

n.d. not defined

s.n.a. signal not available
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No Information Bit Coding Remarks
00 = withdrawn
01 =issued
UPS enable 1...0 10 = nd.
11 =s.n.a.
00 = withdrawn
01 =issued
APS enable 3...2 10 = n.d.
10 1= s.h.a.
00 = withdrawn
Ambient enable 5..4 01 =issued
10 =n.d.
11 =s.n.a.
00 = withdrawn
Component enable 7...6 01 =issued
10 =n.d.
11 =s.n.a.
00 = withdrawn
. 01 =issued
Metering enable 1...0 10 = n.d.
11 =s.n.a.
00 = inactive
. 01 = active
Metering 3...2 10 = n.d.
11 11 =s.n.a.
Status of SCR compressed air shut 00 ~ not actuated . .
off valve 5 4 01 = actuated Takes electrical actuation
10 =n.d. into account
(from software release V05)
11 =s.n.a.
00 = inactive
Diffusor heater 7 6 01 = active (on demand)
(from software release V07) "7 110 = active (cycl. operation)
11 =s.n.a.
00 = deactivated
EGR protection function: function 10 01 = primed
(from software release V06) 7 110 = activated
11 =s.n.a.
00 = enabled
EGR protection function: evaluation 3 9 01 =locked
(from software release V06) 7 110 =n.d. If the protection function
19 11=s.n.a. is locked by the rpm sens-
. . 00 = no fault response ing parameter (ID 2759)
EGR protection function fault re- 01 = close EGR valve all bits 5...0 g0 to s.n.a.
sponse 5.4
10 = close EGR valve and reduce torque
(from software release V06)
11 =s.n.a.
00 = inactive
Torque limiter 7 6 01 = active

(from software release V07)

10 = active with next vehicle stop
11=s.n.a.

n.d. not defined
s.n.a. signal not available
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No Information Bit Coding Remarks
00 = not valid
Status of temperature sensor 10 01 = valid
(from software release V08) "7 110 = error
11=s.n.a.
00 = not valid
Status of lambda sensor 3 9 01 =valid
(from software release V08) "7 110 = error
13 11=s.n.a. .
00 = not valid
Status of NOx signal 5 4 01 =valid
(from software release V08) " 110 = error
11=s.n.a.
00 = not valid
Status of sensor supply 7 6 01 =valid
(from software release V08) "7 110 = error
11=s.n.a.
00 = no error
Open wire check 1..0 (1)(1) _ E;rtolzsdeec;cected
(from software release V08) 11=sn.a.
3...2 |free
14
00 =no error
Short circuit check 5.4 (1)(1) _ i;rtolrjsee;ected
(from software release V08) 11=sna.
7...6 |free
00 = not issued
NOx sensor temperature enable 10 01 =issued
(from software release V08) 7110 =n.d.
11=s.n.a.
00 = not issued
NOx signal enable 3 9 01 =issued
15|(from software release V08) T 110 =n.d.
11=s.n.a.
00 = no communication
Status of NOx sensor communica- 5 4 01 = communication
tion 10 = n.d.
(from software release V08) 11=s.na.
7...6 |free

n.d. not defined
s.n.a. signal not available
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Table of parameters

Note

For the location of the sensors, please refer to the "Table of measurements for the MR2A hardware®, Page 96, or
the "Table of measurements for the MR2B hardware®, Page 98.

P1 P2 Designation Value range/bit assignment I}Tﬁ?:r-\ Access
Parameter group 1: engine identification
OxE1 |Ox01 Engine number 0 (default)...65535 1 St. I
Manual transmission (STG)/ )
OxE1 |0x02 |automatic transmission (ATG) selec- ?: f}g (default) 1 St.
tion '
0: JE (actuation, default)
OxE1 |0x03 |Type of starter 1: KB (no actuation) 1 St. 1l
Add start of delivery offset for en-  |0: Do not add offset (default)
OxE1 |0x04 gines with constant throttle? 1: Add offset 1 St1l
OxE1  |0x05 F)h'arge air pressure sensor character40: curve 1 (3.5 bar sensor) : St I
istic curve 1: curve 2 (4 bar sensor)
0xE1  |0x06 Charge air temperature sensor after |0: Sensor .not installed : St I
compressor 1: Sensor installed
0: No INS2004 installed
OxE1y [0x07  |INS2004 1- INS2004 installed 1 St. Il
OXET, [0x08 |Duak-mass flywheel 0: Transmission of inertia torque 1 1 st
1: Transmission of inertia torque 2
. . 0: EGR protection function deactivated
OXEly |0x09 (EfSORmpgcfv";g‘:: :;2‘;22?,0 6) 1: EGR protection function primed 1 |st.
2: EGR protection function activated

Parameter group 2: CAN configuration

. . 0: switched off
OxE2 |0x01 Engine management via CAN 1: switched on (default) 1 St. I
. . L 0: not possible
OxE2 |0x02 |CAN single-wire capability 1: possible (default) 1 St.
0: 11 bit ID (default)
OxE2 |0x03 |CAN extended 1- 29 bit ID 1 St. Il
Temporary measuring identifier( CAN| .
OxE2 |0x04 |low speed) (from software release 0: deqctlvated (default) 1 St. 1
1: activated
V08)
Parameter group 3: proportioning valves
0: no function (default)
1: charge air pressure control/
0xE3  |0x01 Proportioning valve 1 turbocharger 1 : St I
(from software release V07) 2: currently free '
3: exhaust flap
4: Diffusor heater (only MR2B)
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OxE3

0x02

Proportioning valve 2

0: no function (default)
1: EGR valve

2: currently free

3: constant throttle

1 St. Il
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P1

P2

Designation

Value range/bit assignment

Reso-
lution

Access

Parameter group

3: proportioning valves

OxE3

0x03

Proportioning valve 3

: no function (default)
:fan 1

: currently free

: currently free

St.

OxE3

0x04

Proportioning valve 4

: no function (default)
:fan 2

: currently free

: Map thermostat

St.

OxE3

0x05

Proportioning valve 5

: no function (default)

:oil trap

: currently free

: constant throttle.«

: throttle flap direction of actuation

St.

OxE3

0x06

Proportioning valve 6
(from software release VO07)

: no function (default)

: currently free

: currently free

: exhaust flap«

: heater flange

: diffusor heater (only MR2B)

St.

OXE3;)

0x07

Proportioning valve 7

: no function (default)

: metering valve

: currently free

: throttle flap actuating torque

St.

OXE3;)

0x08

Proportioning valve 8

: no function (default)
: line heater

St.

OXE31)2)

0x09

SCR

: no function (default)

: metering valve

: currently free

: currently free

: Tank heater

: SCR function activated (PV7 = metering valve, PV8
tank heater)

Ih O WON 2O 2O WN =20 P 0WON-=22O0O0PON—=2O0O0 WON =20 WN =~ O

St.

OxE3 1)2)

Ox0A

SCR-RM proportioning
valves
(from software release V05)

: no function

: compressed air shut-off valve
: currently free

: currently free

St.

OXE31)2)

0x0B

SCR combined system

: SCR combined system reset

: metering valve on RM

: SCR combined system

: activate SCRT combined system without throttle
lap

: activate SCRT combined system with throttle flap

WN =2 OwWwN—=- O

—h

St.

0XE31)2)

0x0C

Diffusor heater on RM
(Only MR2B from software
release VO7)

: no function

: Diffusor heater on RM
: currently free

: currently free

N — O &

w

St.

*: alternative to PV1 if PV1 required for charge air pressure control
**: alternative to PV2 if PV2 required for EGR

112




Diagnosis

P1 |P2 |Designation ‘Value range/bit assignment ‘Resolution‘Access
Parameter group 4: fan
OxE4 |0xO1 |Fan type 0 (default)... 11 1 St.
OxE4  |0x02 Coolant temperature activation thresh- 0 (default)... 150 1°C/bit |St. 1l
old for fan stage 1
OXE4  |0x03 g\'}g;ﬁﬂ%ﬁ?&ez‘;‘;ﬁ fCt"’at'O” 0 (default)... 150 1°C/bit |St. II
OxE4  |0x04 Coolant temperature activation thresh- 0 (default)... 150 1°C /bit |St. 1l
old for fan stage 2
OxE4  |0x05 ;ﬁg;ﬁ;‘rfg‘ir:a‘;]egf;‘;;e;"t'vat'on 0 (default)... 150 1°C/bit |St. III
OxE4  |0x06 |Fan charge air diff. temp. (sys 1) 0 (default)... 150 1°C/bit |St. llI
Charge air temperature activation
OxE4 |0x07 |threshold, fan stage 1 in engine braking |0 (default)... 150 1°C/bit |St. 1l
mode
Charge air temperature activation
OxE4  |0x08 |threshold, fan stage 2 in engine braking |0 (default)... 150 1°C/bit [St. 1l
mode
OxE4  |0x09 ;ﬁiﬁi%ri;eng;:ts::k?;zer;eo”;f' 0 (default)... 150 1°C/bit |St. Il
OxE4,) |0x0A |Negate fan output, type 7 0 (default)... 1 1 St.
OxE4,) |0x0B |Negate fan output, type 4 0 (default)... 1 1 St. 1
OxE4,) |0x0C |Negate fan output, type 1 0 (default)... 1 1 St.
Parameter group 5: unit pump classes
OxE5 |0x01 |Segment 0 0 (default)...6 1 St. 1
OxE5 |0x02 [Segment 1 0 (default)...6 1 St.
OxE5 |0x03 |Segment 2 0 (default)...6 1 St. 1
OxE5 |0x04 |Segment 3 0 (default)...6 1 St.
OxE5 |0x05 |Segment 4 0 (default)...6 1 St. 1
OxE5 |0x06 |Segment 5 0 (default)...6 1 St.
OxE5 |0x07 |Segment 6 0 (default)...6 1 St. 1
OxE5 |0x08 |Segment 7 0 (default)...6 1 St.
Parameter group 6: oil sensing
OxE6 |0xO1 |Oil temperature sensor present 0: no sensor present 1 St.
1: sensor present (default)
0: no function (default)
1: measurement with engine running
OxE6 |0x02 |Qil level sensor/type of sensing 2: measurement with engine running 1 St.
and stationary
3: measurement with engine stationary
OxE6  |0x03 |Qil pan type 0 (default)...7 1 St.
OxE6  |0x04 |Qil pressure sensor O abso.lute pressure sensor (default) St. 1l
1: relative pressure sensor
OxE6  |0x05 |Qil pressure switch O no ol pressure switch (default) 1 St. 1
1:0il pressure switch present
0xE6  |0x06 Oil‘pan configuration data in EEPROM |0: conﬂgurat!on data invglid (def.) : St I
valid? 1: configuration data valid
OxE6 |0x07 |locked (due to previous assignment)
OxE6 |0x08 |locked (due to previous assignment)
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‘OxE() |Ox09 |Iocked (due to previous assignment) ‘
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Value range/bit assign-

P1 P2 |Designation ment Resolution|Access
Parameter group 6: oil sensing
OxE6  |OxOA |locked (due to previous assignment)
OxE6  |0OxOB |MIN/MAX fill 1...9 (0: default) 0.11/bit |St. 1l
OxE6  |0xOC |Pre-warning threshold for underfill (1) 0 (default)...12.7 0.11/bit |St. 1
OxE6  |0xOD |Warning threshold for underfill (2) 0 (default)...12.7 0.11/bit |St. 1l
OxE6  |OxOE |Warning buzzer/stop lamp threshold for underfill (3) |0 (default)...12.7 0.11/bit |St. 1
OxE6  |OxOF |On-board diagnosis threshold 0 (default)...12.7 0.11/bit |St. 1l
OxE6 |0x10 |Threshold for oil top-up request 0 (default)...12.7 0.11/bit |St. 1
OxE6 |0x11 |Threshold for EHM minute counter 0 (default)...12.7 0.11/bit |St. 1l
OxE6 |0x12 |Warning threshold for overfill -12.7 ... 0 (default) | 0.11/bit |St. 1
OxE6  |0x13 |Selection of oil level sensor 0 (default): old sensor |, St. Ii
1: new sensor
OxE6 |0x14 |1st oil level characteristic point (on) 0 (default) .. 100% 0.11/bit |St. 1l
Top-up oil quantity for 1st CP -12.7... 0 (default).. + 12.7 10.1 1/bit
2nd oil level characteristic point (on) 0 (default) .. 100% .
OxE6 015 Top-up oil quantity for 2nd CP -12.7 .. O (default).. + 12.7 IO'1 |/bit St.I
3rd oil level characteristic point (on) 0 (default) .. 100% 1% / bit
OxE6  10xT6 |1 p oil quantity for 3rd CP 2127 .. 0 (default).. + 12.710.1 1/bit |0
- — - S S -
0xE6  |0x17 4th oil Ieyel char.acterlstlc point (on) 0 (default) .. 100% 1% / bl.t St I
Top-up oil quantity for 4th CP -12.7 .. 0 (default).. + 12.7 110.1 1 /bit
5th oil level characteristic point (on) 0 (default) .. 100% 1% / bit
OxE6 018 Top-up oil quantity for 5th CP -12.7 .. 0 (default).. + 12.7 110.1 1 /bit St1i
- — - 5 5 -
0xE6  |0x19 1st oil Ieyel char.actenstlc point (OFF) 0 (default) .. 100% 1% / b|F St
Top-up oil quantity for 1st CP -12.7 .. 0 (default).. + 12.710.1 1 /bit
2nd oil level characteristic point (OFF) 0 (default) .. 100% 1% / bit
OxE6  10XTA |1 up oil quantity for 2nd CP 212.7 .. 0 (default).. + 12.7 0.1 16it >0 "
- — - 5 5 -
0xE6  |ox1B 3rd oil Ieyel char.actenstlc point (OFF) 0 (default) .. 100% 1% / bl't St I
Top-up oil quantity for 3rd CP -12.7 .. 0 (default).. + 12.7 0.1 1 /bit
4th oil level characteristic point (OFF) 0 (default) .. 100% 1% / bit
OxE6 10XTC |1 o oil quantity for 4th CP 212.7 .. 0 (default).. + 12.710.1 1/bit |>0 "
- — - S S -
0xE6  |0x1D 5th oil Ieyel char.acterlstlc point (OFF) 0 (default) .. 100% 1% / bl.t St
Top-up oil quantity for 5th CP -12.7 .. 0 (default).. + 12.7 110.1 1 /bit
OFF: characteristic curve for engine-off
ON: characteristic curve for engine-on
(from software release V05)
Parameter group 7: EOL characteristic curve
1 rota-
1st rpm characteristic point 0 (default)...5000 . .
OxE7  |0x01 . . tion/bit | St. Il
Correction factor for 1st rpm SP 0.9...1.1 (1.0: default) 0.001 /bit
2nd rpm characteristic point 0 (default)...5000 ! rota-
OxE7 |0x02 . o tion/bit |St. 1l
Correction factor for 2nd rpm SP 0.9...1.1 (1.0: default) 0.001 /bit
3rd rpm characteristic point 0 (default)...5000 ! rota-
OxE7 |0x03 . o tion/bit |St. 1l
Correction factor for 3rd rpm SP 0.9...1.1 (1.0: default) 0.001 /bit
4th rpm characteristic point 0 (default)...5000 1 rota-
OxE7|0x04 Correction factor for 4th rpm SP 0.9...1.1 (1.0: default) goono/1b/ltbit St i
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P1 P2 Designation Value range/bit assignment |Resolution 5:;3
Parameter group 8: other factors
OxE8 |0x01|FB offset EOL TDC adjustment -20...20 (0: default) 0.01 °CA/bit|St. llI
OxE8 |0x02 |Starting torque multiplier 0...3.5 (1.0: default) 0.01/bit [St. Il
OxE8 |0x03 |Torque temperature compensation (1) ?;rtgq::rrfgnz;:ﬂ?' 1 St. I
OxE8 |0x04 |[Turbocharger class 0...9 (O: default) 1 St. I
OxE8,) |0x05 |EOL: speed droop, ADR governor TYPE4 0...25% 0.006103515|St. Il
OxE8,) |0x06 |EOL: P component, ADR governor TYPE4 0...2%/rpm 0.000076295|St. llI
OxE8,) |0x07 |EOL: | component, ADR governor TYPE4 0...1.5%/s*rpm 0.000059605|St. 1l
OxE82) 0x08 |EOL: D component, ADR governor TYPE4 0...0.5%*s/rpm 0,000019074|St. Il
OXEB,, |0x09 \Tlsllgcéliy ID of EOL parameters for ADR governor 0...1 (0 default) : St I
Smooth running controller locked (1: yes/
OxE8) |0x0A |0:no) 0...1 (0 default) 1 St. 1l
(from software release V09)
Parameter group 9: engine service counter
OxE9 |0x01 [Engine service counter, hours 0 (default)...65535 1h/bit St. I
OxE9  |0x02 |Engine service counter, minutes 0 (default)...60 Tmin/bit  [St. Il
OxE9 |0x03 |Engine service counter, seconds 0 (default)...60 1s/bit St. 1l
OxE9  |ox04 | OPerating hours, thermal management stage 1o o1 65535 1h/bit  |St. 1l
(from software release V08)
0xE9  |oxos | OPerating hours, thermal management stage 1 oc 1) 60 min/bit  |St. Il
(from software release V08)
0xE9  |0X06 Operating hours, thermal management stage 1 0 (default)...60 1s/bit St I
(from software release V08)
Operating hours, thermal management stage 2 .
OxE9  |0x07 0 (default)...65535 1h/bit St. I
(from software release V08)
Operating hours, thermal management stage 2 .
OxE9 |0x08 0 (default)...60 Imin/bit |St. Il
(from software release V08)
0xE9  |0xX09 Operating hours, thermal management stage 2 0 default)...60 1s/bit St I
(from software release V08)
Parameter group 10: routine parameters
0 (default)...255
Bit 0: PV1
Bit 1: PV2
Bit 2: PV3
OxEA  |0x01 [PV actuation test Bit 3: PV4 1 St. I
Bit 4: PV5
Bit 5: PV6
Bit 6: PV7 (function locked))
Bit 7: PV8y)
OxEA |0x02 |Delete GMA 1: delete GMA** 1 St. 1l
OxEA  |0x03 |Delete LRR 1: delete LLR** 1 St. i
OxEA  |0x04 |locked (due to previous assignment)
OxEA  |0x05 |Reset impact times 1: Reset impact times** 1 St. I

** Delete flags are automatically reset by the control unit software
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P1 P2 Designation Value range/bit assignment |Resolution 5:;3
Parameter group 11: AGN AdBlue range calculationy,

OxEBj) |0x01|Correction factor for AdBlue consumption 0...200% default: Ox64 1% St. I
OxEBz) 0x02 |Min. value for AdBlue consumption 0...20000 ml/100km 0.4 ml/100km|St. 11l
OxEBZ) 0x03 |Max. value for AdBlue consumption 0...20000 ml/100km 0.4 ml/100km|St. Il
OxEBj) |0x04 |Correction factor for diesel consumption 0...200% default: Ox64 1% St. 1l
OxEBZ) 0x05 |Min. value for diesel consumption 8;(.62400000mI/1OOkmdefauIt: 0.4 ml/100km|St. Il
OXEB,, |0x06 |Max. value for diesel consumption o 200000ml/ 100km default:|o 4 mi/ 100kmst. i
OxEB  |0x07 |Type of line for line heater 0...255 1% St. 1l
OxEBj) (0x08 |Initial value of damped AdBlue consumption |0...20000 ml/100km 0.4 ml/100km|St. I
OxEBj) |0x09 |Initial value of damped diesel consumption  |0...200000 ml/100km 0.4 ml/100km|St. I

Air humidity and temperature sensor 0: Sensor installed on SCR-RM

OxEBy) |0x0A (from software release V06) 1: Sensor installed on MR 1 St
OxEBj) |0xOB |Internal value (from software release V09) - - -
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Notes on parameterization

Each function has a unique assignment to the proportioning valve (PV). Because of internal technical factors, howev-
er, not every proportioning valve is able to serve every function. In the case of new functions (such as EGR), it may
be necessary, therefore, to re-assign functions to different proportioning valves. However, it must still be possible to
achieve the previous configuration in order to remain compatible with previous engines.

There are a few rules to follow to ensure that the functions are parameterized in the correct sequence:
* EGR:

Must always be parameterized BEFORE a constant throttle. EGR is then assigned to PV2 and the constant throttle
to PV5, if this valve is still free.

¢ Constant throttle:

The MR software assumes that if the constant throttle is parameterized in the MR, it is always a hydraulic type. A
KD parameterized in the vehicle electronics is regarded as a pneumatic system. When parameterizing a constant
throttle, software releases up to SW56 always assign it to proportioning valve 2.

From software release 57, however, this output may be occupied by EGR (for EPAO4 engines). If this is the case,

the software automatically shifts the constant throttle to PV5. If this is already occupied, the parameterization at-
tempt fails. The PV5 or PV2 assignment then has to be reset so that the constant throttle can be parameterized.

(A standard manufactured engine wiring harness takes this differing assignment into consideration as a matter of
course).

* Turbocharger control ("Turbocharger1“ used for an electronically controlled wastegate or VTG):

Always parameterize BEFORE an exhaust brake valve or a turbo-brake guide vane. PV1 is thus assigned to turbo-
charger control and an exhaust brake valve or guide vane to PV6, if this is still free.

* Exhaust brake valve:
Select this function if a) an exhaust brake valve or b) a turbo brake guide vane is connected. When the exhaust
brake valve is parameterized, it is assigned to proportioning valve 1 if no turbocharger control ("VTG") is parame-
terized. However, if turbocharger control has been parameterized beforehand, the software automatically shifts
the exhaust brake valve or turbo brake guide vane to PV6.

* Turbo brake (guide vane):

Where necessary parameterize as "exhaust brake valve" or "exhaust flap". Since the turbo brake guide vane is only
installed in conjunction with an electronically controlled wastegate, which, by necessity, has to be assigned to PV 1,
the turbo brake guide vane can only be operated via proportioning valve 6. This means that the turbo brake function
must always be parameterized AFTER turbocharger control (electr. wastegate).

* Heater flange:

This function is only possible with proportioning valve 6. Any previously parameterized exhaust brake valve must
be deleted beforehand. The two functions are mutually exclusive. (However, if PV1is not required for turbocharger
control, an exhaust brake valve can be operated in parallel via PV1 and the heater flange via PV6.)

¢ Fan:

Only assigned to proportioning valves 3 and 4. On MB trucks and EvoBus, Unimog and Econic vehicles, parameter-
ization is done via the FR, with the MR requesting the set fan type from the FR. In other vehicles, the fan type is
parameterized directly in the MR.

* Map thermostat (EvoBus):

Only possible with proportioning valve 4. Various fan types (0, 1,4,6) also require PV4, with the result that these
combinations are mutually exclusive.
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* Metering valve:

This function can be parameterized in the MR or on the corresponding proportioning valve of the frame module.
The software rules out any parallel parameterization to ensure definitive electrical diagnosis.

* Tank heater:
This function can only be parameterized on the MR.

* SCR system:
For this function, the metering valve and tank heater are parameterized in parallel in the MR.

* Combined system without throttle flap:

For this function, the metering valve is parameterized in the frame module in parallel with the tank heater which is
parameterized in the MR.

* Combined system with throttle flap:

For this function, the metering valve is parameterized in the frame module, in parallel with the throttle flap and the
tank heater which are parameterized in the MR.

Monitoring of parameter settings

The parameter settings are reset without parameterization errors in the following cases:

* MR2A+B: the oil trap is parameterized with the high-tech heater flange ID set.

* MR2A+B: a function is parameterized for two or more proportioning valves simultaneously.
* MR2B: a function parameterized in the frame module is not supported there.

* MR2A: an AGN function has been parameterized.

General

In general, a function can only ever be parameterized if the corresponding proportioning valve is not already occupied.
Any previously set functions have to be reset first before the function that's actually required can be assigned to the
proportioning valve in question. This also applies to combined SCR systems. After setting a parameter, it should be
read out again to ensure that the desired function has been activated.

MR parameterization for typical vehicle configurations:

PV1 PV2 PV3 PV4 PV5 |PV6

MB truck with pneumatic KD, BK Fany
Euro 3 MB truck with fan and hydr. KD KD Fan, Fan,
sztl::\agl Unimog, EvoBus, Econic parameter KD Fan,
Axor with TurboBrake, and hydr. KD Wastegate KD Fan, Fan,
FTL EPA98 BK KD Fan Fan
FTL EPAO4 (EGR) model series 900 T3 |38 35: 23:

EGR Fan Fan KD
FTL EPAO4 (EGR) where applicable OM460 | 15: Wastegate | 25: EGR|43: fan  |43:fan  |33: KD|55: turbobrake

1:in MB trucks and Unimog, EvoBus and Econic vehicles, the fan is parameterized in the FR.
2: turbo brake (guide vane) is parameterized in the FR on the Axor.
3: the numbered cells indicate that the correct parameter setting sequence must be observed.
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Fault code tables

Remarks:
* 1) Fault code that is transmitted during a CAN diagnosis (LOW byte = fault type, HIGH byte = fault path).

* 2) Fault code transmitted in the free-running log. Fault number of the internal fault management system. Only fault
numbers that are not relevant for OBD are transmitted. The output fault number is made up of the MU ID minus an
offset of 65.

The fault code sent on the CAN comprises the fault ranking (w), the fault path (pp) and the fault type (aa): w pp aa

In the MR2A, the ranking (0 -> fault with the lowest ranking ... 2 -> fault with the highest ranking) is added based on
the fault number used internally by the diagnostics interface (see table on following page).

In the MR2B, the ranking is specified by means of the configuration parameters. Fault path and fault type are read
out from a decoding table likewise based on the internally managed fault number. At present, they are used as shown
in the following tables.

Priority Low Medium |High
MU ID 66 - 164165 -285/286 - 315

Assigning fault paths and fault types to new faults:

If a new fault is generated, a check should be made to see whether the fault type is not already generally defined. A
ground short at a control unit pin, for example, is always a ground short, regardless of which pin is affected. Further-
more, introducing new fault paths only makes sense where new add-on engine components or new control unit hard-
ware functions have been used or implemented and should otherwise be avoided. If, however, it becomes necessary
to introduce new fault paths or fault types, a generally applicable formulation should be applied, particularly where
the fault type is concerned. There has been considerable proliferation in this regard in the past and this should be
avoided in the future.

If fault path 42 is used (container), the fault type no longer corresponds to that shown in the generally applicable ta-
ble.

Note

For the location of the sensors, please refer to the "Table of measurements for the MR2A hardware®, Page 96, or
the "Table of measurements for the MR2B hardware®, Page 98.
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Fault paths
Sub-code (pp) |Fault path Remarks/use
00 Reserved Do not use; here is where a fault output is de-
tected
01 CAN low speed
02 CAN high speed
03 Crankshaft sensor
04 Camshaft sensor
05 Engine General
06 Fan
07 SCR catalyst
08 SCR catalyst temperature sensor - 1
09 SCR catalyst temperature sensor - 2
10 Engine oil temperature sensor
11 Fuel temperature sensor
12 Charge air temperature sensor
13 Atmospheric pressure sensor
14 Charge air pressure sensor
15 Coolant temperature sensor
16 Engine oil pressure sensor
17 Fuel pressure sensor
18 Turbocharger circuit / charge pressure control |Air ducting, wastegate, VTG, etc.
19 Fuel circuit
20 Engine oil circuit Oil pump, etc.
21 Coolant circuit Water pump, etc.
22 Terminal 15 detection
23 Terminal 50 detection
24 Locked Scavenging gradient sensor (P2S-P3) in PLD
25 Engine oil level sensor
26 Turbocharger speed sensor 1 Charge air pressure control
;Z Egllesr:zrotrlmeout Previously: turbocharger speed sensor 2 in PLD
29 NOx emissions
30 Free Previously: fuel pressure sensor
31 Charge air temperature sensor 2 Charge air temperature after compressor
32 T6 temperature sensor (EGR temperature) Temperature after EGR cooler
33 EGR system Fault in EGR system
34 Intake air humidity sensor
35 Intake air temperature sensor
36 Ambient air temperature sensor
37 SCR air valve
38 SCR catalyst temperature sensors
39 Urea pump
40 Control unit internal fault Warning: replace control unit!!!
41 Engine brakes Parameter setting not OK
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Sub-code (pp) Fault path Remarks/use

Do not take fault type from table; this fault is

42 Container compiled in accordance with the container
principle.

43 Free

44 T4 temperature sensor

45 Free

46 Free

47 Free

48 Actuation of MV bank 1 Electrical circuit

49 Actuation of MV bank 2 Electrical circuit

50 Actuation of cylinder 1 Electrical circuit

51 Actuation of cylinder 2 Electrical circuit

52 Actuation of cylinder 3 Electrical circuit

53 Actuation of cylinder 4 Electrical circuit

54 Actuation of cylinder 5 Electrical circuit

55 Actuation of cylinder 6 Electrical circuit

56 Actuation of cylinder 7 Electrical circuit

57 Actuation of cylinder 8 Electrical circuit

58 SCR line heater

59 Proportioning valve 8 (tank heater valve)

60 Urea tank fill level sensor

61 Urea tank temperature sensor

62 Control unit internal fault, SCR frame module

63 OBD lamp (M)

64 Heater flange

65 Oil trap

66 EGR valve Fault in EGR actuator

67 Urea pressure system (UPS)

68 SCR compressed air system (APS)

69 SCR system, general

70 Proportioning valve 1 Electrical circuit

71 Proportioning valve 2 Electrical circuit

72 Proportioning valve 3 Electrical circuit

73 Proportioning valve 4 Electrical circuit

74 Proportioning valve 5 Electrical circuit

75 Control unit voltage supply

76 Proportioning valve 6 Electrical circuit

77 Proportioning valve bank 1 Electrical circuit

78 Proportioning valve bank 2 Electrical circuit

79 Proportioning valve bank, SCR frame module Electrical circuit

80 Starter/starter actuation

81 Compressed air shut-off valve

82 Proportioning valve 7 (urea metering valve)

83 Urea temperature sensor

84 Urea pressure sensor

85 SCR compressed air pressure sensor (MDU)

86 Current urea consumption
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Diagnosis

Sub-code (pp)

Fault path

Remarks/use

87 Average urea consumption

88 SCR accumulator

89 Metering valve on frame module

90 Cylinder 1 Mechanical/hydraulic fault, e.g. LRR, EZA
91 Cylinder 2 Mechanical /hydraulic fault, e.g. LRR, EZA
92 Cylinder 3 Mechanical/hydraulic fault, e.g. LRR, EZA
93 Cylinder 4 Mechanical /hydraulic fault, e.g. LRR, EZA
94 Cylinder 5 Mechanical/hydraulic fault, e.g. LRR, EZA
95 Cylinder 6 Mechanical /hydraulic fault, e.g. LRR, EZA
96 Cylinder 7 Mechanical/hydraulic fault, e.g. LRR, EZA
97 Cylinder 8 Mechanical /hydraulic fault, e.g. LRR, EZA
98 Single cylinder adjustment, overall

99 Immobilizer
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Fault types

Diagnosis

Sub-code (aa)

Fault type

Remarks/use

00 Communications line 1 faulty Communications interface (e.g. CAN)

01 Communications line 2 faulty Communications interface (e.g. CAN)

02 Implausible data Communications interface (e.g. CAN)

03 Free

04 No communication Communications interface (e.g. CAN)

05 Short to battery voltage (+cable) Pgsitive cable short to battery voltage (e.g. ter-
minal 30)

06 Ground short (-cable) Negative cable short to terminal 31

07 Short to battery voltage (-cable) Nggative cable short to battery voltage (e.g. ter
minal 30)

08 Ground short (+cable) Positive cable short to terminal 31

09 Line break Generally open line

10 Signal level too low KW/NW

11 Signal assignment implausible KW/NW

12 Signal timeout Generally rpm sensor

13 Signal polarity incorrect KW/NW

14 Free

15 Measuring range exceeded Analog sensor voltage signal

16 Measuring range undershot Analog sensor voltage signal

17 Implausible measurement Analog sensor

18 Faulty turbocharger circuit

19 Signal inconsistent

20 Pressure too high

21 Pressure too low

22 Temperature too high

23 Temperature too low

24 Limp home computer/microcontroller2 faulty Internal fault only

25 Free Previously: fill level too high

26 Incorrect fill level / impact detection

27 Faulty actuation Unit pumps only

28 Unit pump valve short circuit Unit pumps only

29 Fill level too low

30 rpm too high

31 rpm too low

32 General fault e.g. EGR

33 Starter relay hangs up Starter only

34 High-side transistor has high resistance Internal fault, PV bank 1 only

35 High-side transistor has high resistance Internal fault, PV bank 2 only

36 High-side transistor has high resistance Internal fault, PV5 only

37 Cylinder number implausible Internal fault

38 Starter output stage has high resistance Internal fault

39 Starter output stage has low resistance Internal fault

40 Starter level detection faulty Internal fault, starter only

41 Free Previously: transistor failed (internal fault, pro-

portioning valves only)
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Sub-code (aa)

Fault type

Remarks/use

42 Nominal range exceeded e.g. battery voltage

43 Nominal range undershot e.g. battery voltage

44 Limit reached Smooth-running controller only

45 Limit reached Single-cylinder adjustment only

46 EZA timeout Single-cylinder adjustment only

47 Map data set faulty Internal fault

48 Free Previously: cylinder number <>firing order implausible (in-
ternal fault)

49 Parameter setting fault

50 Incorrect hardware 1D Internal fault

51 EEPROM read error 1 Internal fault

52 EEPROM read error 2 Internal fault

53 EEPROM read error 3 Internal fault

54 CAN data sector faulty (low-speed) Internal fault

55 Free Previously: A/D recording faulty (internal fault)

56 Power-down control faulty Internal fault

57 Free Previously: voltage supply faulty (internal fault)

58 Map data set has been tampered with |Internal fault

59 Free

60 Number of keys limited to 8 WSP only: attempt to program more than 8 keys

61 Counter overflow \é\:jSP only: max. number of FDOK access attempts exceed-

62 X5 cancelled WSP only: control unit with X5 installed on vehicle with im-
mobilizer (TPC or FR with WSP)

63 No signal from redundant source e.g. WSP, TPC via CAN

64 No signal from signal source e.g. WSP: TPC via terminal 50, e.g. OAB diag.

65 Valid but incorrect signal code e.g. WSP: wrong key

66 Free

67 Free Previously: sensor supply

68 Free Previously: terminal 15 plausibility

69 Component faulty, relevant for emissions

70 Pressure drop in power-down too small

71 Threshold 1 exceeded

72 Threshold 2 exceeded
Previously: limit reached (turbocharger synchronization

73 Free controller only)

74 Control variable deviation too high Integrator monitoring (e.g. turbocharger), with power re-
duction

75 Control deviation too high Control deviation monitoring (e.g. turbocharger)

76 Limit not reached e.g. charge air pressure in turbocharger braking mode

77 Actuating current outside tolerance e.g. CNG, throttle flap actuating forces too high

78 General actuator fault e.g. CNG, mechanical DK fault

79 Fault, temperature diagnosis e.g. EGR, T6 plausibility (EGR temperature)

80 Free Previously: combustion knock (CNG: gas quality problem)

81 Free Previously: combustion with misfiring
82 Component not present Here: catalytic converter
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Sub-code (aa) |Fault type Remarks/use
83 Air supply faulty (APS) Previously: minor leak (pressure drop too
great)
84 Free Previously: major leak (pressure too low)
85 Free IF(’)rvc\el\)/lously: system blocked (pressure too
86 Starter does not engage Starter only
87 Free Previously: ventilation failure
88 Temperature in front of catalyst too high, threshold 1
exceeded
89 Temperature in front of catalyst too high, threshold 2
exceeded
90 Urea consumption too high
91 Urea consumption too low
92 CAN data sector faulty (high-speed) Internal fault
93 High-side transistor has high resistance Internal fault, SCR frame module
94 AGN switched off, Mannheim function
95 AGN switched off, Worth function
96 Pressure outside permissible range e.g. SCR
97 Temperature in front of catalyst too high
98 Free
99 Free
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Diagnosis

Overview of fault MU IDs - MR2B fault memory

ating current outside tolerance

T -~
2 m (Lo
E o s 0 c . o bo
A 55 E £ |Fault text § Monl't(?rmg Para-meter' E
= S o |s e =5 condition configuration < o
- QO 3 C (]
SalE| 52 |28 g8 3 £
Urea pressure sensor, measuring utrU2v(U3~U4|P1~(P2v (P3N
0 |84|16)P204C) ¥ range undershot F ~ U5)) P4 ~ P5)) 12
Urea pressure sensor, measuring ut™MU2v(U3~U4|P1~(P2v (P3N
1 (84|15 P204D) Y range exceeded F2Ia U5)) P4 " P5)) 12
Urea pressure sensor, measuring Ut~ U2v(U3~U4|P1~(P2v (P3N
2 |83]16) P2044) ¥ range undershot F ~ 05)) P4 ~ P5)) T3
Urea pressure sensor, measuring utrU2v(U3~U4|P1~(P2v (P3N
3 |83|15] P2045] ¥ range exceeded F2 ~ U5)) P4 ~ P5)) 13
SCR compressed air pressure sen- .. .. ..
. | ut~rué6”(U2v(U3P1TAP6N(P2V
4 |85[16| P2039| Y |sor (MDU), measuring range under F1 ~ (14 ~ (5)) (P37 P4 ~ P5)) T2
shot
SCR compressed air pressure sen- P17 P6 (P2 v
5 |85[15| P2040| Y [sor (MDU), measuring range ex- F2  |U1~03~04~05 A T2
(P3 ™ P4 " P5))
ceeded
6 |61]16] P20sc| y |Urea tank temperature sensor, F1 |U1~03~04~ 05 |P1~P3~P4~P5T3
measuring range undershot
7 le61l15! P205D| Y Urea tapk temperature sensor, E? U1~us”u4nus P1AP3ApP4aAPST3
measuring range exceeded u7
8 l60l16] P203c| v prea tank fill level sensor, measur- F1 EH usru4~uUs~P1~pP3"P4"P5 3
ing range undershot uz NP7
9 leol15! P203D| Y prea tank fill level sensor, measur- F? 01~ 034 U4 U5 E1 P3"P4™P5 3
ing range exceeded P7
10 |08[16| Poagz| y [SCRcatalysttemperaturesensor—|  py Iy a (i3 A (ja A (j5 |P17P3~ P4~ PST3
1, measuring range undershot
11 |08[15| Poagg| y [SCRcatalysttemperaturesensor—|  p, Iy a3 A j4 A (j5 |P14P3 A P4~ PST3
1, measuring range exceeded
12 |09|16| Poazc| y |SCRcatalysttemperaturesensor—|  p iy A g3 a (j4 A (j5 |P1~P3 A P4~ PT3
2, measuring range undershot
13 |09[15| poazp| y [SCRcatalysttemperaturesensor-|  p, iy a(j3a(ja A (j5 |P17P3~ P4~ PST3
2, measuring range exceeded
Intake air humidity sensor, measur- MU2MU3NU4|IPTA (P2 AN (PA
14 (34116 P1431) Y ing range undershot F n U5)) P4 ~ P5)) 13
Intake air humidity sensor, measur- ut™Uuz2”U3nu4|P1~p2n (P3N
153415 P1430) Y ing range exceeded F2 ~ 05)) P4 ~ P5)) T3
Intake air temperature sensor, Uit~ U227 U3~U4|\P1A(P2AN (P3N
16 135/16) P1433| Y measuring range undershot F n U5)) P4 ~ P5)) 13
Intake air temperature sensor, MU2AU3NU4|IPTA (P2 N (P3A
17.|3515| P143z) ¥ measuring range exceeded F2 n 05)) P4 ~ P5)) 13
. U237MU136"MU137 |50 A pe A n
18 |68|83| P145D| Y ;?Jﬁc‘;?z:esﬁed airsystem (APS),| - £y55 |~ (1138 v 1139 v E;6 PS7 P10 g
y air supply U140 v U141)
SCR compressed air system (APS),| F156 ~ (U27 vU24 v (U257, A oe A
19 |68|20| P146D) Y pressure too high F157 026 ~0111) PTZPS7PI0 19
20 |67|77| P1a¢s| y |Ureapressure system (UPS), actu-| - poo | 130 A 31y y 032 |P1AP5AP10 |T8
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Diagnosis

qh, -
L m (Lo
E o ] c . . bo
A 5 2 g § Fault text _g Monl.tc?rlng Para.meter. E
= ° = 5 condition configuration <
0o |82 S c g 2
S2E|52 |33 £3 3£
. ut~us”~u9~U2|,, A n
21 |84l17| p2oaB| v Urea pressure sensor, im- F3AF4 |y (03~ 044 U5) A P1 A((PZ,\ -P22)v T2
plausible measurement (135 (P3 ™ P4 " P5))
(Uur~U6~U8"U9
SCR compressed air pressure| _. . ., a AO2v03~04N | oA
22 |85(17| P2038| Y |sensor (MDU), implausible i3 FZFA; F;g; U5))) ~ (U108 ~ E1P4F;6P5)(;32V(P3 T2
measurement B U109~ 0110) v
-0109 v-0110)
SCR catalyst temperature U18"-U95 " -U96 T8>
23 |38|17| P1434| Y |sensors, implausible mea- | F148 ~ F149 |~ 097~ 098~ U4|P1 " P5 T6
surement ~ 021
. |(F286 ™ (F140| . 0 A fac A o
24 |07|97| P14A5| Y ﬁgstc(;tila?/tsatl g‘f[TopoeL?“r‘:e N VR4 91%9;g9509§U96 P17 P5 T2
y & (F305 ~ F306)| K
25 |67(21| p1aso| y |Ureapressure system (UPS),)  cq6r 3oy 3g PIAP5~P10 | T8
pressure too low
26 |07|82| P14aa1| y |SOR catalyst, component F154  |022 PIAP5A_P30 |10
(catalyst) not present Té6
SCR catalyst, temperature af U187 -U95"-U96|,, A T8>
27107122\ PT4AZI Yo catalyst too high F150 ~ o097 ~ 4098 PT7PS T6
SCR catalyst, temperature in o e ]
28 |07(88| P14A3| Y |[front of catalyst too high, F150 U18 " 2U95 " ~U961 54 1 ps T8->
~LU97 ~ -U98 T6
threshold 1 exceeded
SCR catalyst, temperature in oA Tas AT ;
29 [07|89| P14A4| Y |front of catalyst too high, F150 U187 ~U95 " U951~ ps T8>
~LU97 N -U98 T6
threshold 2 exceeded
Urea tank temperature sen- | (F66 v F67) *
30 |61|69| P204A| Y |sor, component faulty, rele- |F127 ~<F68 U1~ U3~ U4 ~U5 |P1~P3~P4~P5| T3
vant for emissions -F69 ™ F60
31 39(06| P2063| Y g;te)fe;)“mp’ ground short (- F5 Ua~010~014  |[P17P5 T2
32 [39|09| P2062| Y |[Urea pump, line break F6 u4s~u1o~uU14 P17 P5 12
33 139]07] P206a| Y Urea pump, short to battery E7 94 uto~ui14 P1AP5 T2
voltage (- cable) u93
SCR air control valve, ground . .
34 |37]06| P1440| Y F5 usa~uilo~U14  |P1~P5"P6 T2
short (- cable)
SCR air control valve, line .. .. ..
35 |37]09| P1441| Y break Fé usa~uio~uU14  |P1 P57 P6 T2
SCRair control valve, short to usa~ruionru14n ADE A
36 |37|07|P1442| Y battery voltage (- cable) F7 93 P17~ P5"Pé T2
37 |58|06| P1443| Y (Si:t')'l';‘)e heater, ground short F5 Ua~010~014 |P1~P5~P8 T2
38 |58|09| P1444| Y |SCR line heater, line break Fé ua~uio~u14 P1”~P5"~P8 T2
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Diagnosis

qh, —
2 m Qo
E o ] < . . bo
A 22 g § Fault text g Monl.tc?rlng Para.meter. E
a o © =3 condition configuration | £
2 23 3% 2 5 8 E
S EE|al|32s £ 3 ]
39 |58|07|P14a4s| y [SCRline heater, short to F7 U4~ 0107014~ 093P1 7 P57 P8 | T2
battery voltage (- cable)
SCR line heater, faulty F127 ~ <F68 *
40 |58(69|P1446| Y |component, relevant for -F69 » F60 ™ |true P1~P5"P8 T2
emissions (F70M"F717F72)
Proportioning valve bank,
41 (79|08 |P144B| Y |SCR frame module, F8 us~utio~uU14 P17P5 T2
ground short (+cable)
Proportioning valve bank,
42 |79|05|P144A| Y |SCR frame module, short F9 Ua~010~014 P17 P5 T2
to battery voltage (+cable)
Control unit internal fault,
43 |62|03|p14po| y |SCR frame module, high- F10 Ua~010~ 014 P17 P5 T2
side transistor has high
resistance
Proportioning valve 8
(tank heater valve), com- | F126 * (F73 "
44 1591691 P168D) ¥ ponent faulty, relevant for F74 ~ F75) true Po 12
emissions
Proportioning valve 7, AT A A A
45 [82|06|P2048| Y |ground short (- cable) F11 81(5) U147 -U94 P9 T2
(metering valve)
16 182109| p20a7| v Proport|0n|ngvalve 7, line F12 910 ui4 ~ -u94 P9 2
break (metering valve) uits
Proportioning valve 7, N ATIAA A TiaA A
47 82|07 |P2049| Y |shortto battery voltage (- F13 ll”O 914 -uo4 P9 T2
. u93~u1é6
cable) (metering valve)
Proportioning valve 8
48 |59|06|P168A| Y |(tank heater valve), F11 uto~u14~-5U94 (P9 T2
ground short (- cable)
Proportioning valve 8
49 |59|09|P168B| Y |(tank heater valve), line F12 U010~ 0147094 |P9 T2
break
Proportioning valve 8 AT A A A
50 |59|07|P168C| Y |(tank heater valve), short F13 910 U147 -U94 P9 T2
ug93
to battery voltage (- cable)
51 |78|08|p160p| v |Proportioning valve bank F22 010~ 014 P11v P12 T2
2, ground short (+cable)
Proportioning valve bank 78 =
52 |78 |05|P160C| Y |2,shortto battery voltage F21 uio~uU14 P11vP12
12,710
(+cable)
Control unit internal fault,
53 |40|35|P0607| Y |PVB2 high-side transistor F20 10~ 017 P11vP12 T2
has high resistance
54 |02|04|U0001| v |CAN high speed, no com- F296 U102 017 P17 P5 T2
munication
Control unit internal fault,
55 [40(92|P0607| Y |CAN data sector faulty F56 U107 017 P17 P5 T2

(high-speed)
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Diagnosis

B —
2 m Qo
E o ] < . N bo
A 22 g § Fault text g Monl‘tqung Para.meter. E
a o © = 5 condition configuration | £
2 23 3% 2 5 8 E
S EE|al|32s £ 3 ]
56 188196 | P1aF1| Y S'CR accumu!ator, pressure out{ F158 vF159 v 28 v 029 P1AP5API0 T8
side permissible range F160
57 |88|20| P14F2| Y %ngnt'”“ed' Replaced by MU- false false false T5
Urea pressure system (UPS), 8 >
58 |67|70|P1466| Y |pressure drop in power-down F162 true P17~P57P10 6
too small
59 |86 91| p1acg| y |Currentureaconsumption, urea F163 033 P1AP5APIQ 107
consumption too low T6
60 86|90 |P1acq| y |Currentureaconsumption, urea F164 033 PIAP5APIQ 107
consumption too high T6
61 |87|91|p1aca| y |Average ureaconsumption, F165 033 P1Ap5Api0 107
urea consumption too low T6
62 |87|90|p1aca| y |Average urea consumption, F166 033 P1APsAPIQ 107
urea consumption too high T6
63 [60(29 | P203F| Y ltérv‘ja tank level sensor, level too F168 017 P1~P5 T8
SCR system general, AGN 8 >
64 (69|94 | P14E0| Y |switched off, Mannheim func- F152 true P1 T12
tion
SCR system general, AGN T8 >
65 169195 P14E1) Y switched off, Worth function F153 true P1 T12
Ambient air temperature sen- |[F64~F60 " -F61 |~ _ A = T8 >
316136104 UT10E) ¥ sor, no communication " (F57 v F58) uas~utz P1 T6
3171361171 Poo71| v Ambient alrtemper.ature sen- F174 A -F64 uaz~uty P1 T8 >
sor, measurement implausible u44 T6
. u43~-u1o1n
318(63(27 | P0650| Y |OBD lamp (M), faulty actuation F173 _0102~ 018 P1
(F303 ™ (wF317 7
-~(F28 ~ F29 ~
-F318))v (F317 "
319(69 49| P14E2| Y zgtrfosﬁzrl? general, parameter) | rog'a £99 A |(7107 P13
F318))) v (-F303
~(F28 vF29v
F318))
SCR air shut-off valve, ground ua~uio”uU14|P1~rP57P6"
320181106 P1437) ¥ |y ot (- cable) F5 ~ 093 P14
; : o IPTAPEAPEN
321/81|09|P1438| Y |SCR air shut-off valve, line break Fé6 ua~ulo~ui4 P14
SCR air shut-off valve, short to usa~u1o~U14|P1~P5~P6"
32281107 P1439) ¥ battery voltage (- cable) F7 ~ 093 P14 12
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qh, —
2 m Qo
E o ] < . N bo
A 22 g § Fault text § Monl‘tqung Para.meter. E
- o ] c
oo |82 = condition configuration € o
S EE|52 )28 £ 8 3£
utiz~u113»
U114~ 0115~ P15 A P36 A
32306 [31|P0494| Y [Fan, speed too low F311 o116 ~0117~ P16 A P17 T2
U1zo~0118~
U119
S uio~utz»
324(28|04|U1140| Y |NOx sensor, no communication F312 0121 A Ua P18 *P1~P5 T1
32528 |16 | P2202| y |NOX sensor, measuring range F313 120 P18~ P1~PS T
undershot
326|28| 15| p2203| y |NOX sensor, measuring range F314 U120 P18APIAPS Ti
exceeded
(+F343 " F315)v|(xU171~U18 "
NOx emissions, threshold 1 ex-| (F343 ~ -F344 ~|0169 ~ U22) v Aod A
327129171 P14AAL Y| eeded -F356 ~ F349 ~ (U171~ (U172v PIB7P17PY T8
-F350) u173))
(«F343"F316) v|(xU171~U18 " P18 AP1AP5
NOx emissions, threshold 2 ex-| (F343 ~ -F344 ~|0169 ~ U22) v |,
32829172 P14AB Y| eded ~F356 A F351 7 (0171~ (0174 v Pé;;m v T8
-F352) u175))
DOC temperature sensor - 1, ut”ru3ru4. |P1rP3NP4AA
32942108 P1541) ¥ measuring range undershot F U5 P5 ~ P30 T3
DOC temperature sensor - 1, ut~u3ru4. |P1MP3MP4N
330142107 P1540) ¥ measuring range exceeded F2 U5 P5 ~ P30 T3
DOC temperature sensor - 2, ut~ru3ru4. |P1*P3"P4
3311421101 P1543) ¥ measuring range undershot F U5 ~P5 P30 E
DOC temperature sensor - 2, uit”ru3ru4. |P1rP3NP4AN
33214219 | P1542) ¥ measuring range exceeded F2 U5 P5 ~ P30 T3
Pressure sensor in front of par- A A ADoADA A
3334212 P1545| Y [ticulate filter, measuring range F1 U1mustUs. 1P17p3 ™ P4 T2
us P5 "~ P30
undershot
Pressure sensor in front of par- A e AT ADaADA A
334|142 11| P1544| Y |ticulate filter, measuring range F2 Ul~us~u4. Pl ,\Ps P4 T2
us P5 "~ P30
exceeded
Pressure sensor after particu- A ADo ADA A
33542 (14| P1547| Y |late filter, measuring range un- F1 EH us~us4. |P17P3”P4 T2
us P5 ~ P30
dershot
Pressure sensor after particu- A ADo ADA A
336(42 (13| P1546| Y |late filter, measuring range ex- F2 EH us~u4. Pt APS P4 T2
us P5 "~ P30
ceeded
337189106 | P20a8| Y RM metering valve, ground F5 94 uio~rui14 P1AP5APIY T2
short (- cable) u93
338(89(09|P2047| Y |RM metering valve, line break Fé6 ua~ut1to~U14P1~P572P19 T2
339(89 07| P20a9| v RM metering valve, short to bat- E7 /L\J4 uitonrui4 P1AP5APIY T2
tery voltage (- cable) u93
34044 15| posae| y |14 temPp sensor, measuring F2 _ P20 T
range exceeded
341laa]16|po5a5| v T4 temp sensor, measuring F1 (-U37 ~U38) v P20 T1

range undershot

U109 v 037
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342

44

22

P2428

T4 temp. sensor, temperature
too high

F319

U18

P20~ P21

T3
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Diagnosis

qh, —
2 m Qo
E o ] < . N bo
A 22 g § Fault text § Monl‘tqung Para‘meter‘ E
- o =2 c
oo |82 = condition configuration € o
S2E|52|2% £3 3£
U148~ U149
Particulate filter, differential ~0150 ~ (U152 [P1~ P30~
343421 15| P1548) ¥ pressure too high F3zz v (U151~ P32~ P5 T8
U154))
U148 ~ U149
Particulate filter, differential ~0150 ~ (U151 [P1~ P30~
344142116| P1549) ¥ pressure too low F3z3 v (U152~ P33 " P5 T8
U153))
345|142 |17 | p1asg| v |Throttle flap, control deviation F324 U131 P10 T2
too high
346|42|18|P145A| y |Tnrottle flap, reference search F325 0132v 0133 |P10 T8
routine not successful
347142051 P1a52| v Throttle'flap position sensor, E3 U2 A o134 (P27~P30) ™A 2
measuring range exceeded P24
348la2 061 P1a51] v Throttle'ﬂap position sensor, Fa U2 ~ (j134 (P27~P30) ™ 2
measuring range undershot P24
Proportioning valve 5, short to 956 n 913 n
349(42 (00| P1454| Y |battery voltage (+ cable) (DKL- F15 uot1~u92~ P17 P22 T2
R) 0167
Proportioning valve 5, ground A us6~u13” A
350(42|01| P1455) Y | (+ cable) (DKL) F227F33  |1q, P17 P22 T8
- uito~rui14n
351|42|02| P14s6| y |roportioning valve 7, ground F11 S094 70129~ |P1 4 P23 T8 ->
short (- cable) (DKL) 017 T6
o . uto~rui4n
352(42(03| p14s7| v |Proportioningvalve7, linebreak F12 S094 70129~ |P1 4 P23 T8>
(DKL) . T6
utz
. uto~ru14»
353(42 (04| P1458| Y E;‘;fe‘;”fgl'tggga(‘l":azi;h(‘glzs’ F13 L0947 0937~ |P17P23 T$ 6'>
y voliag U130~ 017
: use~U13 "
35442 |24 | pos07| y |Internal fault, PVS HS transistor F16 0917092~ |P1~pP22 T2
has high resistance (DKL-R) -
uteé7
. . 02370136 " oA
355|142 20| p1asc| Yy SCR metering unit: pressure F155 (0137 ~ (0143 A ,F\’1 P5”" P28 19
duct clogged - P29
U139)
: N u23~ U136 " ADBE A
356|42(19 | P145B| Y Z%R rggte””g unit: air path F155 U137~ (0142~ E1P28P5 P27) 19
88 U139)
357|142 |21|P1448| Y |Diffusor heater: line break F12 3:86 uia P25 T2
358l42 22 | p1aa7| v Diffusor heater: ground short (- F11 Uiz~ ut4 P25 12
cable) U106
350l42 (23| p1aag| v Diffusor heater, short to battery F13 913 ui4 P25 2
voltage (- cable) U106
Proportioning valve bank 1, ui3~uizn
360142125| P160A) Y short to battery voltage (+cable) F18 U104 P25 T8
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Diagnosis

O
Q2 (%)
E § "E § Fault text é Monitoring Parameter 2
a S S S _§ 23 condition configuration § °
S eE|(52 |33 £3 3£
361/42|26 | P160B| y |roportioning valve bank 1, F19 U13~014  |P25 T8
ground short (+cable)
Control unit internal fault: high- 013 ~ (14 A
362(42 (27| P0607| Y |[side transistor has high resis- F17 - P25 T8
uiz
tance (PVB1)
363|42|28 | p1555| vy |[SCRT system: component not F154 022 P1AP5AP30 10
present T6
SCRT temperature sensors, pair EJJ ?45_',\U_|161;17 A 8 >
364|42|29|P1556| Y |A(T-DOC-1, T-Kat-2): measure-| F149 ~ F328 - o ntian |P1T7PS
ment implausible U987 U4 T6
U21
SCRT temperature sensors, pair 8&26 ,\_'_li-?f% A 8 >
365|42|30|P1557| Y |B(T-DOC-2, T-Kat-1): measure-| F329 ~ F148 - Aria A |[P1TAPS
ment implausible U147 7 U4 T6
U21
. T8 ->
366|42|31|P1558| Y |DPF: not present F154 u22 P17 P57 P30 6
(U165~ (-U159
DPF pressure sensor 1, mea- F333 v (F335" v (U159 % P17P37P4N
367|42|31|P1559| Y . oy - - U160))~-U161 T2
surement implausible U166 ~U17) - P5 ~ P30
~aU162) v
(U166 ~ U17)
(U165~ (-U159
DPF pressure sensor 2, mea- F334 v (F336 v (U159 7 - P1~AP3NP4AN
368|42|33|P1560| Y . L - - U160))~-U163 T2
surement implausible U166 ~ U17) - P5 ™ P30
~aU164) v
(U166 ~ U17)
NOx emissions, threshold 2 ex-| F316 ~ (F330v |U18 U169~ [(P18"P1"P5
369)142134 | P14AC| Y ceeded, cause unknown -340) U22 ~AP3144P37 T8
(-F343~F316 "
-F330 * F340 *
(F164 ~F166)) v|(-0171~ 018~
(F343 " ((F353 ~|U169 ~ U22) v P18 AP1APS
370(42|35|P14AD| Y |[NOx emissions, urea quality F346 ~ -F347 7 (“U171 n 9173 VA (P31v P37) T8
(F349 v F351))v{U175v (U176 *
~((F353 " -F346)|(U172 v U174)))
v (F354 ~F350
F352)))
(-F343~F316 "~
-F330 * F340 *
~(F164~F166))v|(-0171~ 018~
o : - (F343 "~ ((F353 M|U169 ~U22) v A1 A
371/42|36 | P14AE| Y i\'ea’;gem'ss'ons’ insufficient me-| e 6~ 347 A (017120173 v f1(§31pv1 P;;; T8
(F349 vF351))v|U175v (U176 »
~((F353 " -F347)|(U172 v U174)))
v (F350 *F352 *
(F354 v F355))))
372|42138|P1563| Y |DPF: temperature too low F331 U155~ 0156 :;135 P34 T?:
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qh, —
2 m Qo
E o ] < . N bo
A 5 2 g § Fault text g Monl‘tqung Para‘meter‘ E
a o © = 5 condition configuration | £
2 23 3% 2 5 8 E
S tE|ao2d |28 £ 3 b =
373|42|37| p2201| vy |NOX sensor: measurement im- F332 U157 P18AP1~P5 T8
plausible
37442|39| P1621| y |VIRsensorbank f:measure- | ¢y, £ig3 (i3 - T2
ment exceeded/undershot
375(42 |40 | P1622| v |MR sensorbank 2:measure- | yp, £1s3 |83 - T2
ment exceeded/undershot
376|42|41| Poeat| y |SCR-RM sensorbank 1: mea- F337 U168 P1 T2
surement exceeded/undershot
377|42|42| Poes1| y |SCR-RM sensorbank 2: mea- F338 U168 P1 T2
surement exceeded/undershot
378|42 |43 | Posgy| v |[SCRRM sensor bank 3: mea- F339 U168 P1 T2
surement exceeded/undershot
379|142 |44 | P14AF| Y |NOx sensor: readiness fault T8
F344 ~ F353 ™ | ..
. U1t73vU175v
NOx emissions: NOx sensor (F349 vF351) | e P18~P17P5
380|142 (45| P14B1| Y faulty L(F353 "~ ~F344 v Bp:;f)) (U172v|, P37 T8
(F350 "~ F352))
F345 ~ F353 *
o | (F349vF351)~ 0173 v U175 v Ao
381(42 46| P14B2| Y 2'(?::]2;3';08”3 raised untreat-| | a5 n 345|176~ (0172 v E1P837P1 PS) 1g
(F354 ~ F350 ~ |U174))
F352))
F353 " F348 " | )
(F349 vF351) ~|U173v U175V P18AP{APS
3824247 | P14B3| Y |NOx emissions: faulty SCR cat |-(F346 ~ F347)v|(U176"~(U172v|, P37 T8
~(F353 " ~F348 v|U174))
(F350 "~ F352))
(F353 M F346 »
F347 ~ -F348
o . | (F349 vF351)) v|0173v U175 v oA
383|142 (48| P14B4| Y ?ﬁ;ceigfioez:'ﬁﬁrea quality/in | e353~ (F348 v|(1176 ~ (1172 v E1P837P1 S 18
& LF347 v ~F346))|U174))
v (F354 ~F350 "
F352))
(F353 ~ F346 »
F347 ~ F348 *
NOx emissions: urea quality/in4 (F349 v F351)) v U173vU175v P18AP1AP5
384|142 149 | P14B5| Y |sufficient metering, faulty SCR |-((F353 ~ (-F348|(U176"(U172v|, P37 T8
cat vaF347 v u174))
-F346)) v (F354 "
F350 ~ F352))
Key:
FP FT n v - Scanning time: e.g. T8 -> T6
Fault path |Fault type Logic AND | Logic OR Logic NOT MU is parameterized as "event controlled®
P ypeLog & & but is called up in the 1000 ms scan cycle
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Overview of fault MU IDs - MR2A and MR2B fault memory

" Fault log Fault cancellation g g
3 § L o "b:o g
Ew® |& gFault text ... |Monitoring  |Fault clearing |Monitoring | £ | 2
o 2~ |E 3 Fault condition e . .. c | S
= o 8 838 condition condition condition < S
SEE =SS s |8
Control unit internal
66 |40{37|P0610 [N |fault, number of cylin{F169 -U99 ~ sU100|- - T10|E3
ders implausible
Control unit internal (F255 7
fault, starter output |F255 " (-F259 ) (+F259 v (F271 -
67 |40|38|P0607 |N |stage has high resis- |v (F271 " u3s "_'F263))) u3s T2 |E6
tance (redundant F263))
(emergency) branch)
Control unit internal |(F270~F256)v E(Z(g?);\?( F255
68 |40|40|P16F1|N |fault, starter level de-|(-F255 * U35 N F261)_)| U35 T2 |E5
tection faulty -F261) K
70-
24" |77 - |Free - - - - - |-
Oil temperature sen-
75 [10{15/P0198 [N |sor, measuring range |F2 U036 ~047 |F1vaF2 036~ 047 |T3 |E10
exceeded
Oil temperature sen-
76 [10{16/P0197 [N |sor, measuring range [F1 U36~047 |-F1vF2 U036~ 047 |13 |E10
undershot
77-
gal” I I - |Free - - - - - |-
(F130vF131)~ (A“(HOQA F227
F172 ~F109 * F115 " F220
Turbocharger circuit/ N a(F221v
. F227 ~F115 " n
charge air pressure F220 ~ +(F221 (F222 ™ F223))
85 (18|74|P0299|N |control, controlled _'A - N (-F216 v - T2 |E1
. " v (F222 .
variable deviation too R -F217))
F223))
great -F38) v-(F130
(«F216 v
F217) vF131)v
B ~F172
Turbocharger circuit/
charge air pressure |F192 2 F230 ™ |5, A -(F192 ~ F230 |
86118122/ P0127IN control, temperature |F50 uzi =7z ~ F50) T3 |ET
too high
87-
gol” " I - |Free - - - - - |-
Qil trap, no signal U104~ 0105 U104~
90 |65|64|P1677 |N b, & F231"~F232 |, - ~(F231~F232)|0105 T2 |E16
from signal source U106 .
U106
Oil trap, ground short U104 ~ 0105 U104~
91 (65|06|P1676|N P, 8 F233~F234 |, - ~(F233 ~ F234)|0105 » T2 |E8
(- cable) U106 .
U106
92-
oal” I I - |Free - - - - - |-
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95

25

P250C

N

Engine oil level sen-
sor, measuring range
undershot

F17F51

-073

-F1vF2v-F51

-073

T1

E25
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Diagnosis

3 Fault log Fault cancellation
f=
=
o
o |8 2 |E
Q& Fault text Monitorin Fault clearin Monitorin s |0
o |o e g g g P
g 2 | Fault condition condition condition condition _?_:o =
a s~ |E € |3
5 o 8 8 S |28
s gE|BE= |2 & | &
Engine oil level sen-
96 |25[15/P250D|N [sor, measuring range |[F2 ~ F51 -073 ~F1vF2v-F51-073 T1 |E25
exceeded
97 |2509|P250a |N |EN8INE Ol levelsen- | v by npgy (73 (F3TFAT T1 |E6
sor, line break F51)
98-
109 7 [ I - |Free - - - - - -
Control unit voltage |F142 ~ F235 " (_'F(;;lg;f::izg
110 |75/42|P0563 |N |supply, nominalrange|F236 ~ F237 * |- A_‘F237 A (F238| T1 |E12
exceeded (F238 v F38) v F38)) ~ F65)
Control unit voltage |F143 * F235 " (_'F(::;lggf::iég
111 |75/43|P0562 |N |supply, nominalrange|F236 ~ F237 * |- A_‘F237 A (F238| T1 |E12
undershot (F238 v F38) v F38)) ~ F65)
Vv v - v
F239 v F240 F239 vF240
Internal fault, map F304 v F326 v vF304vF326v T1,
112 140147 /P0602 N data set faulty (F327 ~F317 " F327)v(F327 " T10 E3
F303) F317 ~ F303))
113-
11917 [T I - |Free - - - - - -
Atmospheric pres-
120 [13]15|P2229|N |sure sensor, measur- |F2 - F1vaF2 - T3 |E10
ing range exceeded
Atmospheric pres-
121 |13[16|P2228|N |sure sensor, measur- |F1 - -F1vF2 - T3 |E10
ing range undershot
122-
10 " [ [ - |Free - - - - - -
Engine oil circuit, fill |(F241vF242v| -((F241vF242|
125 12026|P1574|N level too high F243) ~ F55 v F243) * F55) T3 |E
. S n -((F136 v
126 |20|21|pos24 | |EN&INe Ol cireuit, | (FT36 vFT37)™ F137) A F244 7| T1 |E1
pressure too low F244 " F192 F192)
Coolant circuit, tem- |(F138vF139)"| -((F138 v
127.|21]22|P0217N perature too high F47 F139) * F47) T3 |E
128-
139 7 [ [ - |Free - - - - - -
Cylinder 1, limit (74 ~ ()75 A (74 ~ (j75 A
140 |90|44|P0o263 N |63CNed (SMOOtN-TUNT L)\ o\ bone |19 v U20) ~ |-(F245 v F246)| (019 v U20) |15 |E12
ning controller re- 0103 A 0103
striction)
Cylinder 2, limit (74 ~ ()75 A (74 ~ (j75 A
121 |91|44|P0o266 [N |763CNEd (SMOOtN-TUNT L)\ o\ o6 |19 v U20) A |-(F245 v F246)| (019 v U20) |15 |E12
ning controller re- 0103 ~ (1103

striction)
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§ Fault log Fault cancellation
=}
o
2= |3 2| E
o . . " . . = -
_g 9 |g Fault text Fault condition Mom.tc?rmg Fault'c.learlng Mom't?rmg o | 3
59 |w® condition condition condition £ |le
a c - E [ =}
= ©g |2 s |8
s kEE|6= |2 & |8
?eyailcnhdeedr (i:’rrl:chnolzh—run— 074 075 » U74 ~ 075
142 |192|44/P0269 |N | . F245v F246 |(U19v U20) ™ |-(F245 v F246)|(U19 v U20) [T5 |E12
ning controller re- .. ..
2 U103 ~ U103
striction)
?eyailcnhdeedr é’r:gnc;:h—run— 074 075 » U74 ~ 075
143 |93|44/P0272|N | . F245v F246 |(U19v U20) ™ |-(F245 v F246)|(U19 v U20) [T5 |E12
ning controller re- .. ..
2 U103 ~ U103
striction)
?eyailcnhdeedr (i:’r:gnc;:h—run— 074 075 » U74 ~ 075
144 |194/44/P0275|N | . F245v F246 |(U19v U20) ™ |-(F245 v F246)|(U19 v U20) [T5 |E12
ning controller re- .. ..
2 U103 ~ U103
striction)
?eyailcnhdeedr (68’rr|1lchno|:h—run— 074 075 » U74 ~ 075
145 |95/44/P0278 |N | . F245v F246 |(U19v U20) ™ |-(F245 v F246)|(U19 v U20) [T5 |E12
ning controller re- .. ..
2 U103 ~ U103
striction)
?eyailcnhdeedr (7s’rr|1|chno|:h—run— 074 075 » U74 ~ 075"
146 |96/44/P0281|N | . F245v F246 |(U19v U20) ™ |-(F245 v F246)|(U19 v U20) [T5 |E12
ning controller re- .. ..
2 U103 ~ U103
striction)
?eyailcnhdeedr (i’rrl:chnolzh—run— 074 075 » U74 ~ 075"
147 |97|44/P0284 |N | . F245v F246 |(U19v U20) ™ |-(F245 v F246)|(U19 v U20) [T5 |E12
ning controller re- .. N
2 U103 Uio3
striction)
Cylinder 1, limit .. .. .. ..
! . uzs~uz6” uzs~uUz6
148 [90|45|P0263 |N {ieoanc)hed (EZA restric- |F245 v F246 (77 ~ (78 -(F245 v F246) 77 ~ ()78 T5 |E12
Cylinder 2, limit .. .. .. ..
! . uzs~u76” uzs~uUz6
149 191|45|P0266 |N ;ieoanc)hed (EZA restric- |F245 v F246 077 ~ (j78 -(F245 v F246) 077 ~ (/78 T5 |E12
Cylinder 3, limit .. .. .. ..
! . uzs~u76” uzs~Uz6
150 |92(45(P0269 [N {ie;anc)hed (EZA restric- |F245 v F246 77 ~ ()78 -(F245 v F246) 077 ~ ()78 T5 |E12
Cylinder 4, limit .. .. .. ..
! . uzs~uz6” uzsruze
151 193|45/P0272 N ;ieoanc;hed (EZA restric-|F245 v F246 077 ~ ()78 -(F245 v F246) 077 ~ (/78 T5 |E12
Cylinder 5, limit .. .. N N
! . uzs~uz6” uzsruze
152 |94/45/P0275 N ;ieoanc;hed (EZA restric-|F245 v F246 (77 ~ )78 -(F245 v F246) 077 ~ (178 T5 |E12
Cylinder 6, limit . .. . ..
! . uzs~uzé6” uzs5nruz6
153 |95/45(P0278 [N ;s)anc;hed (EZA restric- |F245 v F246 077 ~ (178 -(F245 v F246) 077 ~ (178 T5 |E12
Cylinder 7, limit .. .. .. ..
! . uzs~uz6” uzs~uUz6
154 |196/45/P0281 |N |reached (EZA restric- |F245 v F246 (77 ~ (78 -(F245 v F246) 77 ~ ()78 T5 |E12

tion)
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Cylinder 8, limit .. .. N N
! . uzs~uzé6» uzs~uzé
155 [97|45|P0284 rgached (EZA restric-|F245 v F246 (77 ~ )78 -(F245 v F246) 077 ~ (78 T5 |E12
tion)
Single-cylinder ad- A s A
156 [98[46|P1371 justment, overall, EZA|F247 975 976 - T5 |E1
. uz7 ~U78
timeout
F96 ~ -F97 »
157 |40|51|Pos07 |N |INtermal fault, EE- —Heog npogn | - - T10|E26
PROM read error 1 F100
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§ Fault log Fault cancellation
=
o
0 _ |3 £ .qé
é 8 g Fault text Fault condition Monl.tt?rlng Fault.c'learmg Monl.tt?rlng ':o 9
5o |® condition condition condition £ | e
o 25 |5 £ |2
2 2|58 2 3 |38
F101~ (F248v
Internal fault, incor- [F297 v F298 v
158 140/50/P06 10N rect hardware ID F299 v F300v | ) ) T10/E3
F301v F302)
F250 ~ F251~ -(F250 ~ F251
Internal fault, power- F252 7 F253" - - " F252 7 F253 - -
159 [40(56/P0607 [N down control’faulty F254 ~F102 ~ |U79 ~U80 |~ F254 ~F102 (U797 U8B0 |[T2 |E14
-F40 ~ F249 » N SF40 ™ F249
-F38 " SF38)
Internal fault, limp
160 |40|24|P0607 [N |1OME COMPULEr/ |k 4y kyy7 |81 ~(F116 ~F117)|- T1 [E26
microcontroller2
faulty
0 O R R R - - . . R
Crankshaft sensor, |F1187<F119%|. - ~(F118 7 - -
165 [03[10/P0336 [N . ’ ug2~uU83 |-F119 " us2~uU83 |[T1 |E9
amplitude too low -F120
-F120)
Crankshaft sensor,
166 [03|11|PO016|N [signal assignment im-F121 - - - T11|E1
plausible
Crankshaft sensor,
167 |03|12|P0335 [N |timeout (no KW sig- |F122 Usa~U85 |[-F122 Us4a~U85 |[T11|E9
nal)
Crankshaft sensor,
168 |03/13|P1351|N |signal has wrong pole |F124 -F124 086 T1 |E3
connection
169 [03|08|P0337 [N |SraNksNaMt Sensor, ey npyog  |usz~Uss |1V FEY |24 083 |T1 |E9
ground short -F120
170 |03/09|po33s N |Crankshaft sensor, ey npipg  |ug2~iss |71V T2V |us2~Us3 |1 [ET2
line break -F120
Camshaft sensor, sig-
171 |04/13|P1352 |N |nal has wrong pole |F125 Usé -F125 Usé T1 |E3
connection
172 |04|09|Po34g [N |CaMShaftsensorline |y npiog lga s |FTVF2Y g~ |11 |E12
break -F120
Camshaft sensor,
173 |04(04|P0340 [N [timeout (no NW sig- |F123 Us4~U85 |-F123 U84~ U85 |T11|E9
nal)
174 |04|04|po34z |\ |CAMSNAML SeNSOn, gy nppg g2z |TIV P2V |ug2~Uss |T1 [E9
ground short -F120
Coolant temperature
175 |15|15(P0O118|N [sensor, measuring F2 - F1vaF2 - T3 |E10
range exceeded
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Coolant temperature
176 |15|16{P0117|N |sensor, measuring F1 - F1vaF2 - T3 |E10
range undershot
Internal fault, EE- F96 ~ F97 ~
PROM read error 2 |F100 ) i TI0ES

177 140(52|P0607 [N
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3 Fault log Fault cancellation
f=
=
o
Kol o (V]
g = |8 Fault text Monitor- Fault clearin Monitorin g g
'g o |2 Fault condition ing condi- . & orng e
5w |s R condition condition £ | e
a 2~ |E tion c | 3
> 3 |3 £ |2
s gE|BE= |2 & | &
Proportioning valve
bank 1, short to bat{F38 * F215*F18 * ~(F38 *F215~*
178 177|105/ P160A N tery voltage (+ca- |F24 ) F18 "~ F24) ) T10E2
ble)
Proportioning valve
179 |77|08/P160B [N |bank 1, ground F215"F36 ~"F19 |- - - T2 |E19
short (+cable)
Proportioning valve
bank 2, short to bat{F38 * F215 " F21 " ~(F38 *F215~
18078105 P160C|N tery voltage (+ca- |F25 ) F21~F25) | T10|E2
ble)
Proportioning valve
181,/78|08/P160D|N |bank 2, ground F215~F36 " F22 |- - - T2 |E20
short (+cable)
Starter actuation,
182 [80|86(P16E2 |N |starter does not en-|F257 ™ F260 - - - T2 |E16
gage
Starter actuation, |F255 " F107 " F256 :(Eggz n E;g;
183 |80|33|P16E1 |N |starter relay hangs |~ F257 ~ F258 * -U87 n n -~U87 T2 [E11
u F108 ~ F259 F258 ~F108
P A F259)
Starter actuation, |-F2557F107 ~F256 :(Eggz n E;g;
184 |80|05(P0617 |N |starter relay ener- | F257 ~ F258 * -u87 A A -~u87 T2 |E11
ized externall F108 * F259 F258 ~F108
8 d ~F259)
185 |80|08|P06 16 |N [SATter actuation, e, g A pog - F261~F262 |- T10|E17
ground short
—(-F261~
Starter actuation -F261"F257~F263 F257 ~ F263 "
186 |80|09(P0615 N line break ’ |“F38 " aF255 7 - F38 ~ -F255 " |- T2 |E6
F264 ~ F265 F264 " F265) v
F266
Control unitinternal
fault, starter output oo AT A o A
187 |40(38|P0607 [N |stage has high re- |F255 " F267 987 U89 -(F255 " F267) U877 Us9 T2 |E6
. ' ugo u9o
sistance (main
branch)
S oo ras s ez
. ~F269) v (<F261 7 T2,
188 [80|39(P0615|N I(cr)nV\;irnezlrsatircwgeor F263 AF38 A F255 A 710 E3
-F264 ™ F41)
emergency branch)
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189 164/32|P0540 [N

F274 " (F275 "~ F276
~(F277 v F278)) v
(F279 ~ F280 " F281
Heater flange, gen- |~ F282 * ((F276
eral malfunction -F277 ~ F283) v
(<F276)) v (-F284
-~F275 "~ 4F279 ~
F285"F276 ~F277)

T2

E7
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Diagnosis

3 Fault log Fault cancellation
c
=]
[]
2= § Monitor: g GE,
2o - : - £ |5
'g 3 2 Fault text Fault condition ing condi- Fault.c.learlng Monl.tt?rlng w | 3
5w |s R condition condition £ | e
a 2~ |E tion c | 5
> 3 |3 £ |2
s BB |2 3 |a
Internal fault, PVB1 (F17 ~F215~
190 [40|34|P0607 |N |HS transistor has |F17 ~F215"F34 |- E34) - T10|E8
high resistance
Internalfault, PVB2 A A L(F20 " F215 ~
191,/40|35/P0607 |N |HS transistor has |F20 * F215 " F34 |- F34) - T10|E8
high resistance;
192 |40|49|Po 10|N |Mtemal fault, pa-  feo5 - - - T5 |E3
rameterization fault
~(F16 ~F215"
Internal fault, PV5
L F16 ~F215 ~F34 * F34 " F35) v
193 |140|36/P0607 |N Eisr;crfenssiz’;c;rcr;as F35 A F30 A F31 - (4F30 v —F31) - T2 |E8
& A F65)
194 |40|54|Pos07 [N |!Mternal fault, CAN o o - - - T10(E3
data sector faulty
195 |40|58|pos0z N |!Ntermal fault, data ., 4 : - - T5 |E3
set tampered with
196 |- |- |- - |Free - - - - - |-
-((F132vF133)
Fuel circuit. mea- (F132vF133)"F115 ~“F115~F105.
L . |["F105"F54 "F49 " F54 ~ F49 »~
197 119{17|P1170|N ks):Jerement implausi- ((F228"F53"F48)v_ ((F228 " F53 A - T3 |E1
(F229 ™~ F47)) F48) v (F229 ~
F47))
198 |- |- |- - - - - - - - |-
Oil pressure sensor,|F289 " ((F102 "~ F287 :(Eggg ’\(EZF21E?82
199 [16{17|P0521 [N |measurement im- |~ F288 ~ F290) v - A - T1 |E1
lausible (F104 ~ F291)) F290)v(F104
P AF291)))
Oil pressure sensor,
200 [16|15/P0523 |N |measuring range ex-{F2 - F1vaF2 - T1 |E10
ceeded
Oil pressure sensor,
201 [16|16{P0522 |N |measuring range |F1 - -F1v F2 - T1 |E10
undershot
202 |05/30/P0219 |N Eiﬁ'”e’ speedto Ipyn4 - LF106 - T1 |E3
Turbocharger cir- U39 ~u40 (39 ~ ()40 A
203 |18|20{P0234 |N |cuit, pressure too |F128 ~MU41 N |SF128 AT T3 |E1
) . U417 U42
high u42
Turbocharger cir-  |[F50 "~ F288 ~ F225 E(2F2550A FFZZSS% N
204 |18/18|P2263|N |cuit, turbocharger |-F286”~F115"F105|- ,\_' NE T3 |E1
circuit fault ~F292 F115 7 F105
y F292)
Fuel temp. sensor,
205 |11/15/P0183 |N |measuring range ex{F2 "~ F51 - F1v-F2v-F51]- T3 |E10
ceeded
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3 Fault log Fault cancellation
c
=]
o
5 § Fault text Monitor- | 1t clearing |Monitorin :é :é
'g o |2 Fault condition ing condi- clearing |Vonttoring % | 8
5w |s R condition condition £ | e
a 2~ |E tion c | 3
> 3 |3 £ |2
s gE|BE= |2 & | &
Fuel temp. sensor,
206 [11|16{P0182|N |measuring range |F1”~F51 - -F1v F2 v -F51|- T3 |E10
undershot
Charge air tempera-
207 [12|15|P0113 [N [tUre sensor, mea- fe - F1vaF2 - T3 |E10
suring range
exceeded
Charge air tempera-
208 [12|16|P0112 [N [tUre Sensor, mea- e, - SFivF2 - T3 |E10
suring range
undershot
Terminal 15 detec-
. . . F44 ~ -F61 ~ F59 ~ -~(F44 "~ -F61 7
209 [22|19|P1561|N t|.on, signal incon- F60 - F59 A F60) - T2 |E10
sistent
Terminal 50 detec- |F45 ~ F59 " F42 |_:|£1F24/5\ F2F1529,\
210 [23[19|P1562 |N |tion, signal incon- [F212~F213 " F214 |- n NE T2 |E8
sistent N aF63 F213 " F214
K -F63)
Charge air pressure
211 [14|15|P0238|N |sensor, measuring |F2 - F1vaF2 - T1 |E10
range exceeded
Charge air pressure
212 |14{16|P0237 |N |sensor, measuring |F1 - -F1v F2 - T1 (E10
range undershot
Charge air pressure A A A -~(F50 " F288 "
213 |[14{17|P0236 |N |sensor, measuring Fo0 " F288 “F2937) F293 ~ F294 ™ |- T1 (E1
. . F294 ~ F295
range implausible F295)
214 |- |- |- - |Free - - - - -
. (F93 v F94 v F95) ~ —(-F87 ~F84 "
Cylinder 1 actua-
A -F87 " F84 ~ -F88 " -F88 ~ F89 »
215 |50|26({P020A N E:gz, impact detec- F89 A -F90 A F85 ~ |- _F90 ~ F85 A T11/E21
F91 " F92 F91 " F92)
. (F93 v F94 v F95) ~ —(-F87 ~F84 "
Cylinder 2 actua-
S -F87 " F84 ~ -F88 " -F88 " F89 »
216 |51|26|/P020B N E:gz,mpact detec- F89 A -F90 ~ F85 ~ |- _F90 ~ F85 A T11/E21
F91 " F92 F91 " F92)
. (F93 vF94 v F95) » -~(-F87 ~ F84
Cylinder 3 actua-
o -F87 " F84 ~ -F88 " -F88 ~ F89 »
217 |52|26(P020C|N t:gz impact detec- F89 A -F90 ~ F85 ~ |- _F90 A F85 A T11/E21
F91 "~ F92 F91 " F92)
. (F93 vF94 v F95) » -~(-F87 ~ F84
Cylinder 4 actua-
o -F87 " F84 ~ -F88 " -F88 ~ F89 »
218 |53|26(/P020D|N t:gz impact detec- F89 A -F90 ~ F85 ~ |- _F90 A F85 A T11/E21
F91 "~ F92 F91 " F92)
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Cylinder 5 actua- (F93 v F94 v F95) ~ —(-~F87 ~F84 "
A -F87 ~ F84 ™ -F88 " -F88 ™ F89
219 |54/26|P020E |N Egz,mpact detec- F8O A _FO0 A F85 A |- _FOO~F85A | T11|E21
FO1"~F92 F91 " F92)
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Diagnosis

3 Fault log Fault cancellation
c
=]
o
Kol o (V]
g = |3 Fault text Monitor- Fault clearin Monitorin g g
23 |8 Fault condition ing condi- . & orng e
g 0 |© R condition condition € | e
a 2~ |E tion c | 3
> 3 |3 £ |2
s gE|BE= |2 & | &
. (F93 v F94 v F95) ~ -(-F87 ~ F84
Cylinder 6 actua-
o -F87 ~ F84 ~ -F88 " -F88 ~ F89 »
220 |55(26/PO20F [N E:gz, impact detec- F89 A _FO0 A F85 A |- _F90 ~ F85 A T11|E21
F91 "~ F92 F91 " F92)
. (F93 v F94 v F95) ~ -(-F87 ~ F84
Cylinder 7 actua-
o -F87 ~ F84 ~ -F88 " -F88 ~ F89 »
221 |56|26/P021A|N E:gzﬂmpact detec- F89 A _FO0 A F85 A |- _F90 ~ F85 A T11|E21
F91 "~ F92 F91 " F92)
. (F93 v F94 v F95) ~ -(-F87 ~ F84
Cylinder 8 actua-
o -F87 ~ F84 ~ -F88 " -F88 ~ F89 »
222 |57(26/P021B N E:gzﬂmpact detec- F8O A _FO0 A F85 A |- _F90 ~ F85 A T11|E21
F91~F92 F91 " F92)
Proportioning valve A A A (-F11 "~ F65) v
223 |76[06|P166A|N |6, ground short (- E;; n Egg F215 ™ | -~(F23 " F215 7 |- T2 |E8
cable) F34 ~ F35)
" n n n ~(F12 ~F23 "
224 176/09/P166B|N Pro‘port|on|ng valve [F12 A F23 7~ F215 " | F215 AF34 A |- 12 |E8
6, line break F34 ™ F35
F35)
" n n n ~(F11~*F65) v
225 |71/06|P163A|N grofgztr']‘zjns'zir‘ia've E;; n Eg; F2157 | (F23~F215 |- T2 |E8
'8 F36 ~ F37)
Proportioning valve n n n («F13 *F65) v
226 |71(07|P163C|N |3, short to battery :;132 n :;233 F2157 | ~(F23 " F215 7 |- T2 |E8
voltage (- cable) F36 "~ F37)
I n n A ~(F12 ~F23 "
227 171091638 IN Pro.port|on|ngvalve F12~F23 " F215" | F215 AF36 A |- 12 |es
3, line break F36 ~ F37
F37)
F79 ~ -F102 ~ F80 ~ :(E;g . ;;oAz
228 |06]12|P0528 |N |Fan, signal timeout |[F81~ (F82 vF83v (069 ~ U70Q 069 ~ 070 |T7 |E13
F341 v F342) (F82 v F83 v
F341v F342))
Proportioning valve A A A -(F11~F65) v
229 |72|06/P164A|N |4, ground short (- IE;Z A :2:2; F2157 | ~(F23 " F215 7 |- T2 |E8
cable) F36 ~ F37)
Proportioning valve A A A (-F13 " F65) v
230 [72|07|P164C|N |4, short to battery E;Z A ECZ; F2157 | ~(F23 " F215 7 |- T2 |E8
voltage (- cable) F36 ~ F37)
L n n A ~(F12 ~F23 "
231 172/09/P164B|N Pro‘port|on|ng valve [F12 A F23 7~ F215 " | F215 AF36 A |- 12 |E8
4, line break F36 ~ F37
F37)
Fuel pressure sen-
232 |17{15|P2542 [N |sor, measuring F2 " F51 - F1v-F2v-F51- T1 |E10
range exceeded
Fuel pressure sen-
233 |17{16|P2541 N |sor, measuring F17~F51 - -F1vF2v-F51]- T1 |E10
range undershot
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3 Fault log Fault cancellation
c
=]
o
o |8 2| E
[T . : = e}
23 2 Fault text Fault condition . c F'ault clearing condi . clo | 8
Eo |& £ g |tion £ S|l£ ¢
- o S ==
2 o |5 2 35 £ S| E3
2 el E2 3 SEs $2s3 |8
ol oressure semsoy | 224 “F1447F1457 L(F224 ~F144 "
234 |17|17|P2540|N | naﬁ’im st |F1047<F76 ~<F77 - F145 7 F104 ~ ~F76 |- T1 |E1
ghatimp F51 A LF77 7 F51)
: — |(-(F85~F91~F92))~ ~(((F85 ~ F91 ~
235 |50|27|P0201|N Sgt':j”a‘i?;; rﬁgltfﬁtglr;n F87 N F84 " -F88 " |- F92)) A ~F87 " F84 7| T11|E21
F89 ~ -F90 ~F88 " F89 " 4F90)
: — [G(F85~F91~F92))~ ~(G(F85 ~ F91 ~
236 |51/27|P0202 N gé’t':l”a‘ifgnz ni;rfﬂ;%r;n LF87 ~F84 " LF88 " |- F92)) A ~F87 " F84 7| T11|E21
F89 ~ -F90 ~F88 " F89 ~ 4F90)
. — |G(F85~F91~F92))~ ~(G(F85 ~ F91 ~
237 |52|27|P0203 [N gé’t':l”a‘f;n3ni:|tfﬁt£gn LF87 " F84 " JF88 " |- F92)) A oF87 ~ F84 7| T11|E21
F89 " 2F90 F88 ~ F89 ~ ~F90)
) — |G(F85~F91~F92)) " ~(-(F85 ~F91 ~
238 |53|27|P0204 |N gé’t'l]”adtie(:f r:;ffﬁtg:m LF87 " F84 " LF88 " |- F92)) A ~F87 " F84 7| T11|E21
F89 ~ -F90 -F88 A F89 " ~F90)
) — |((F85~F91~F92)) " ~(5(F85 ~F91 ~
239 |54|27|P0205 [N ggt"u”adﬁe;: r:;ff‘:antglr(‘m ~F87 " F84 ~ -F88 ~ |- F92)) A <F87 ~ F84 7| T11|E21
F89 ~ -F90 -F88 A F89 " ~F90)
) — |((F85~F91~F92)) " ~((F85 ~F91 ~
240 |55|27|P0206 |N gé’t"u”a‘f;nér:;ffﬁté‘t’lgn LF87 " F84 " -F88 " |- F92)) A ~F87 " F84 7|- T11|E21
F89 ~ -F90 _F88 " F89 " 4F90)
: — |(-(F85~F91~F92))~ ~((F85 ~F91 ~
241 |56/27|P0207 |N Sé’t':l”a‘ifgz rﬁgltfﬁtglr;n F87 A F84 " -F88 " |- F92)) A ~F87 " F84 7| T11|E21
F89 ~ -F90 ~F88 " F89 " 4F90)
: — |[G(F85~F91~F92))~ ~(G(F85 ~ F91 ~
242 |57|27|P0208 N gé’t':l”a‘i?(:ng ni;rfﬂ;%r;n LF87 ~F84 " LF88 " |- F92)) A ~F87 " F84 7| T11|E21
F89 ~ -F90 ~F88 " F89 " 4F90)
Turbocharger circuit/ [(F130vF131)*F171 -(F109 ~ F227 »~
charge air pressure |*F109*F227 *F115 F115 " F220 7
243 [18|74|P0299 [N |control, controlled |~ F220 A ~(F221v |- S(F221v (F222~ |- T2 |E1
variable deviation too |(F222 * F223)) » F223)) ~ («F216 v
great (<F216 v ~F217) LF217)) ~ ~F38
T o 216 rar«
|(F130VvF131)~F115] (-F216 v =F217) A
244 118|75(P2263|N :S::rggv?:t?gietgcr)es A 227 AF109 (F218 v F219 v T2 |E1
LF220) ~ ~F38)
great
Turbocharger circuit/
charge air pressure  [(F134vF135) " F115| -((F134vF135) "~ |
245 118)76|P2263 N control, brake power |* F227 ~ F109 F115 7 F227 ~ F109) T2 JET
too low
Proportioning valve 1,|F11 ~ F23 ~ F215 ~ |- ~(F11 "F65) v ~(F23 |-
246 170|106/ PTEIAIN | o ind short F36 " F37 US6  InFo15~F36 A Fa7) U0 |T2 |E8
Proportioning valve 1,
UIF13AF23 7 F215 8 | («F13 ~ F65) v «(F23| -
247 |70|07|P161C|N |short to battery volt F36 A F37 usé |, F215 ~ F36 7 F37) us6 |12 |E8
age (- cable)

152




Diagnosis

248

70

09

P161B

N

Proportioning valve 1,
line break

F12"F23"F215 "
F36 ~ F37

Usé6

~(F12"F237"F215"
F36 * F37)

Us6

T2

E8
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Diagnosis

3 Fault log Fault cancellation
f=
=
[]
o |8 2| E
Q han . : .'.: =]
23 2 Fault text Fault condition . c F'ault clearing condi . clo | 8
Eo | L  O|tion £ olg |8
- o : o B =
2 o |5 2 35 £ S| E3
2 el E2 3 $¥s 28l |8
Proportioning valve 6,
’|F237F137F215 7 | (-F13 " F65) ~ (F23|
249 |76(07|P166C|N |short to battery volt F34 A F35 usé |, F215 A F34 7 F35) usé6 (T2 |E8
age (- cable)
Proportioning valve 2 F23" F117F215 " £‘12:5 "F?(S)F\;;(Ezs
250 |73|06|P162A|N P & "|((<F27 ~F36 ~ F37) v|U56 n K ~ |U56 |T2 |E15
ground short (F27 ~ F34 ~ F35)) F36 ~ F37) v (F27
F34 " F35)))
Proportioning valve 2,|F23 ~ F13 A F215 ~ (j;‘;’f) AF ?(S)F‘;;(EB
251 |73|07|P162C|N |short to battery volt- |((-F27 ~ F36 ~ F37) v|U56 n K Us56 |T2 |E8
age (- cable) (F27 ~ F34 ~ F35)) F36 ~F37) v (F27
8 ~F34 ~ F35)))
Proportioning valve 2. |F 23 F12 ~F215 7 ~(F23~F12~F215"
252 |73|09|P162B|N "nepbreak & "|((~F27 ~F36 ~F37)v|U56  |((-F27~F36~F37)v|U56 |T2 |E8
(F27 ~ F34 ~ F35)) (F27 ~ F34 ~ F35)))
Proportioning valve 5, B?g A B?g A
253 |74]05|P165C|N |short to battery volt- |F15 ~ F32 oy |(F15°F32) oy |72 |E8
age (+ cable) {92 {192
Proportioning valve 5 Use "
254 |74|08|P165A [N | P & '[F22 ~ F33 013~ |- - T2 |E19
ground short (+ cable) 091
255 101/02/Uo4a0o| N |CAN low speed, data [F38 * F59 " F60 i ~(F38 ~ F59 ~F60 | 1 |E23
implausible F61 F61)
256 |01[49|po6 10|N AN low speed, pa- 7 g - -F78 - T5 |E3
rameterization fault
257 |0104|uo019|N [CAN oW SPeed, N0 |pag npso npoqy L ~(F38 ~ F59 A F211) |- T1 |E23
communication
CAN low speed, com- |-F62 ~ F210 ~ F38 *
258 |01/01{U1001|N |munications line 2 ((F209 ~ F207) v - F207 * -F209 - T1 |E22
faulty (low line) (F208 "~ <F207)
CAN low speed, com- |-F62 ~ F210 ~ F38 »
259 |01{00{U1000|N |munications line 1 |((F209 ~ F207) v - F207 ~ <F209 - T1 |E22
faulty (high line) (F208 ™~ -F207)
260 |99|61/p1551 N |Immobilizer, counter 1, g - - - T12|E3
overrun
Immobilizer, no TPC |-F201 ~ -F203 *
261 199\64/PT554 N | .. terminal 50 -F204 "~ F43 ) ) ) ThES
(-F201~F43"-F208 ;.o o
Immobilizer, no TPC | -F204 "~ F205) v Ea A | .
262 99|63|P1553|N | . "y (F203 ~ F204 ~ ng T1 |E4
-F205)
U48 ~
Immobilizer, X5 can- N 051~ N T1,
263 199|62|P1552|N | F203 ~ -F204 (53~ |7F203"-F204 - T12|E3
U54
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264

99

60

P1550

N

Immobilizer, number
of keys limited to 8

F199 ~F200 *F201 "
F202

T12

E3
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Diagnosis

3 Fault log Fault cancellation
f=
=
o
o _ |3 2| E
[T . . = =i
'g 3 2 Fault text Fault condition . c F,al,"t clearing con \ c R
59 & 5 8 dition 5 2 £ | e
2 o |5 2 35 £ 5 |E|3
2 lple |52 3 228 $2s |33
F112~F198"~F104 F112,\F198 n
Turbocharger A ((F113 A ~F197) v F104 ~ ((F113
265 |26/12|P1575|N |speed sensor 1, N - -F197) v (F114 " |- T2 |E1
. . (F114 2 F197)) N n
signal timeout AF110 A F103 A F26 F197)) “F110
F103 ~ F26
266-
067 |7 |7 7 - |Free - - - - - |-
Turbocharger cir-
cuit/charge air |F26 "F192~F193
268 |18|78|P2261 |N |pressure control, [* F194 * F195 " |- F39 - T2 |E1
general actuator [F196 *F111
fault
utiz» utiz»
ut13~ U113~
Ut14~ U114~
Fan, speed too  |F311 (sawtooth de-|U115 ~ -F311 (sawtooth |U115~
269 106131/ PO4STINY bounce) U116 7 debounce) U116~ T2 |E1
U117~ U117~
U118~ Ut1g~
U119 U119
270-
270 |7 [T | - |Free - - - - - |-
ué3~ui12n uésa~uizn
U6a~U065~ U6a~U65%
Heater flange, 068~ ((U66 068~ ((U66
273 |64{09/P0543 [N line break F191 A U6 1 -F191 A6 T2 |E3
~062) v ~U62) v
U67) 067)
274 |66|78|p2413 |N |ECR ValVe: 8EN€M o) c g6 A Eqg7 | ~(F27 7 F1907 T2 |E1
al actuator fault F187)
Charge air tem-
perature sensor 036 ~ =037 036 ~ =037
275 |31{15/P0098 [N 2, measuring F2 ~ ()38 F1v-F2 (138 T1 [E10
range exceeded
Charge air tem-
perature sensor 036 ~ =037 036 ~ <037
276 [31{31/P0097 [N 2, measuring F1 ~ ()38 -F1v F2 (138 T1 [E10
range undershot
T6 temperature
sensor (EGR tem- o AT . A
277 |32|32|P040D|N |perature), mea- |F2 U6 U371k ok2 U6 "-U37I 1y [E10
. ~U38 ~U38
suring range
exceeded
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T6 temperature
sensor (EGR tem-

278 |32|32|P040C|N |perature), mea- |F1 U36"-U37) kv r2 36" -U37\11 Ie10
. ~ (38 ~ ()38
suring range
undershot
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Diagnosis

3 Fault log Fault cancellation
f=
=
o
o |8 -
[T . i = =
'g 3 2 Fault text Fault condition , c F?l,"t clearing con \ c w | 8
59 & 5 8 dition 5 2 £ | e
2 5o |5 £ 3 £ 3 |E3
2 el |52 3 SES S¥: 3|2
(F146 v F147) " -((F146 v F147) "
F183 " F104 F183 " F104
EGR system, gen-|F115"F46 " F47 * F115 " F46 ™ F47
279 13333 P1453IN | | malfunction |F185~F52~F186| ~NF1857F52~ | T2 |ET
~F187 *F27 F186"F187"F27
~F188 ~ F189 ~F188 " F189)
F120 AF183 A ~(F129 ~F183
F104 " F115 7"
EGR valve, tem- |F104 ~F115" F184 A FA6 A FA7
280 [66(79/P2413 N |perature diagno- [F184 ~F46 ~F47 |- n A A - T2 |E1
. F185 " F52
sis fault F185"F52"F186
NE187 A Fo7 F186 ~ F187 ~
F27)
Z“;ZZC::;ES): . |F2~Fi82~F26 L(F2 ~F182 " F26
281 [26|15/P2581 |N |°P . " |((F180 " F102) v |- ~((F1807~F102) v|- T2 |E1
measuring range
F181) F181))
exceeded
Turbocharger A A A A A
speed sensor | F1~F182 " F26 -(F1"F182 " F26
282 [26|16/P2580 N |°P . " |((F180 " F102) v |- ~((F1807~F102) v|- T2 |E1
measuring range F181) F181))
undershot
Generator speed |F308 ~ F309 ~ uig~U23" |- (F308 ~F309 ~ |U18~U23"
283 127)12/P14BOIN | out F310 071 F310) 071 T2 |E
284 |- |- |- - |Free - - - - - |-
Engine brakes, A A A A
285 [41/49|P0610 |N |parameterization F1777-F178 - (1777 F178 7). T1 |E3
F179 F179)
fault
T4 temp sensor, ) 036 A 037
286 |44|15/P0546 |N |measuring range |F2 u36 F1vaF2 ~ ()38 T3 |E1
exceeded
T4 temp sensor, (:.US7 "
287 |44/15/P0545 |N |measuring range |F1 U38)vU109|-F1v F2 - T3 |E1
undershot v 037
T4 temp. sensor, o AT A
288 |44|22|P2428|N |temperature too |F319 U187 U128-F150 7 F319) v 5 g T3 |ET
. ~ U2 -F51v-F321
high
289 [- |- |- - [Free - - - - -
290 [50|28P0o201 [N [CYIinder Tactua-|op o _ L(F85"F86) |- TThEos
tion, short circuit T10
291 |51|28|po2oz N |OYIinder 2actua- | o\ o 0 _ ~(F85 " F86) . ThEos
tion, short circuit T10
292 [52|28|P0o203 [N [CYIinder 3actua-|paq g - L(F85°F86) |- TThEog
tion, short circuit T10
293 |53|28P0204 |\ [CYIINder 4 actua- | oo ol _ L(F85°F86) |- ThiEos
tion, short circuit T10
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3 Fault log Fault cancellation
f=
=
[]
o |8 2 |E
[T f i = -
'g 3 }—j Fault text Fault condition , c F?l,"t clearing con \ c w | 8
59 & 5 8 dition 5 .8 £ | e
= 50 |8 .- £ 5 |E|3
2 ele|E2 3 $Ps g2s |83
294 |54|28|P0205 [N |SYinder S actua-ipeq 1 pag - ~(F85~F86) |- TTE2s
tion, short circuit T10
295 | 55(28|P0206 | N |CYinder 6 actua-lgq i pg g - (F85~F86) |- T higog
tion, short circuit T10
296 |56|28|p0207 |N |YIINder 7 actua-eap 1 kg - ~(F85~F86) |- THeos
tion, short circuit T10
297 |57|28|Po20g [N |SYlinder 8 actuaipeq 1 pag - ~(F85~F86) |- TTE2s
tion, short circuit T10
MV bank1 actua- .
298 |48|06/P2147 |N |tion, ground F85 U?7 use”| - T10|E19
. -U59
short, low side
MV bank?2 actua- Ao A
299 |49|06/P2150|N |[tion, ground F85 U?7 uss”. - T10|E19
. -U60
short, low side
MV bank1 actua-
300 |48|05|P2148 |\ |HOM short to batp U117 056 |- - T2 |E18
tery voltage, high
side
MV bank?2 actua-
301 |49]05|P2151 |\ |HOM short to batip U117 056 |- - T2 |E18
tery voltage, high
side
302-
313 [ I - |Free - - - - - |-
Internal fault, EE-
314 |40|53|P0607 [N |PROM read error [F96 ~ F97 ~F98 |- - - T10 |E3
3
u48~u49n
U507 051~
0527053~
Immobilizer, valid|F175 * F176 Us47U557- - T1 |E20
315 [99|65|P0513|N |but incorrect sig- -u101”
nal code (Uf}4 v U45)
~U46
n -U49 ~ U50
F175 " F176 A {152 - - T10|E22
1: MR2A control unit only
Key:
FP FT A v -
Fault path Fault type Logic AND Logic OR Logic NOT
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Diagnosis

Overview of fault conditions

Seq. no. Fault condition/Fault clearing condition
F1 Sensor voltage < minimum permissible voltage
F2 Sensor voltage > maximum permissible voltage
F3 Sensor voltage > lower plausibility limit
F4 Sensor voltage < upper plausibility limit
F5 Status message, frame module proportioning valve ground short
Fé6 Status message, frame module proportioning valve line break
F7 Status message, frame module proportioning valve short circuit to battery voltage
F8 Status message, frame module proportioning valve bank ground short
F9 Status message, frame module proportioning valve bank short circuit to battery voltage
F10 Status message, frame module proportioning valve bank high resistance
F11 Status message, MR proportioning valve low-side driver ground short
F12 Status message, MR proportioning valve low-side driver line break
F13 Status message, MR proportioning valve low-side driver short circuit to battery voltage
F14 EPLD status message, MV bank high side short circuit to battery voltage, Prerequisite: detection of a
high level at the output of a valve in the bank when the bank is switched off (low and high-side transistor)
F15 EPLD status message, PV5 HS level high
F16 EPLD status message, PV5 HS high resistance
F17 EPLD status message, PVB1 high resistance
F18 EPLD status message, PVB1 short circuit to battery voltage
F19 EPLD status message, PVB1 ground short
F20 EPLD status message, PVB2 high resistance
F21 EPLD status message, PVB2 short circuit to battery voltage
F22 EPLD status message, PVB2 ground short
F23 PV parameterized
F24 PV1 or PV2 or PV3 or PV4 parameterized
F25 PV5 or PV6 parameterized
F26 PV1 parameterized to VTG
F27 PV2 parameterized to EGR
F28 PV7 parameterized to metering valve
F29 PV8 parameterized to tank heater
F30 PV on
F31 PV not s.n.a.
F32 PV5 off
F33 PV5 off -> no PVB2 HS short
F34 PVB2 HS on
F35 PVB2 HS not high resistance
F36 PVB1 HS on
F37 PVB2 HS not high resistance
F38 Terminal 15 on
F39 Terminal 15 off, was previously on
F40 Terminal 50 on
F41 Terminal 50 level change
F42 Terminal 50 test not blocked
F43 Terminal 50 OK
F44 Status of terminal 15 port <> Terminal 15 CAN status
F45 Status of terminal 50 port <> Terminal 50 CAN status
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Seq. no. Fault condition/Fault clearing condition

F46 No T6 sensor error

F47 No coolant temperature sensor error

F48 No fuel temperature sensor error

F49 No fuel pressure sensor error

F50 No charge air temperature sensor error

F51 Sensor installed

F52 T6 temp. sensor installed

F53 Fuel temperature sensor installed

F54 Fuel pressure sensor installed

F55 Oil level sensor installed

F56 CAN data sector faulty: test patterns written in the CAN RAM sector could not be read back without er
ror; fault results in CAN limp home mode

F57 First ID received via low-speed CAN

F58 Low-speed CAN ramp-up time expired

F59 CAN parameterized and not switched off

F60 No CAN error

F61 CAN data implausible

F62 CAN-LOW operation (-CAN-HIGH operation)

F63 CAN limp home mode

F64 CAN-ID 1616 faulty

F65 Fault not active in fault memory

F66 Urea tank temperature sensor, measuring range exceeded (MU ID 7) - fault active

F67 Urea tank temperature sensor, measuring range undershot (MU ID 6) - fault active

F68 Ambient air temperature sensor, no communication (MU ID 316) - fault active

F69 Ambient air temperature sensor, measurement implausible (MU ID 317) - fault active

F70 SCR line heater, ground short (-cable) (MU ID 37) - fault active

F71 SCR line heater, line break (MU ID 38) - fault active

F72 SCR line heater, short circuit to battery voltage (- cable) (MU ID 39) - fault active

F73 Proportioning valve 8 (tank heater valve), ground short (- cable) (MU ID 48) - fault active

F74 Proportioning valve 8 (tank heater valve), line break (MU ID 49) - fault active

F75 Eroportioning valve 8 (tank heater valve), short circuit to battery voltage (- cable) (MU ID 50) - fault ac-
tive

F76 Fuel pressure sensor, measuring range exceeded (MU ID 232) - fault active

F77 Fuel pressure sensor, measuring range undershot (MU ID 233) - fault active
Fan type CAN <> Fan type MR EEPROM
The fan type request sent to the FR is answered with an invalid value:
* the configured fan data of the parameterized fan type are not flagged as valid in the data set,
* or a fan system that requires two outputs is parameterized but only one output is activated,

F78 * or a fan system that requires one output is parameterized and two outputs are activated,
* or an attempt has been made to parameterize a fan system but the output it requires is already as-

signed to another function,

* or a non-defined fan system is to be parameterized.

F79 Fan speed =0

F80 Fan driving speed > 600 rpm

F81 Fan speed control active

F82 Fan type 2 parameterized

F83 Fan type 8 parameterized

F84 Operating voltage > Impact pre-control battery voltage limit
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Seq. no. Fault condition/Fault clearing condition
F85 Pull-in performed
F86 Pull-in time < MV short circuit pull-in time (150 us)
F87 Unit pump short circuit
F88 Double firing
F89 Angle of delivery and effective angle of delivery > 0.1 °
F90 Actuation by limp home computer
F91 Pull-up time <= Maximum pull-up time
F92 Pull-up time > Minimum pull-up time
F93 Impact time <= Minimum impact time
F94 Impact time > Maximum impact time
F95 Impact time <= Pull-up time + minimum delta for impact time
F96 Checksum error when reading EEPROM block
F97 Checksum error when reading EEPROM block copy
Fo8 EEPROM block 1 (WSP data), 2 (WSP key)
EEPROM block 0O (standard parameters), 3 (individual cylinder basic adjustment values), 8 (fault memo-|
F99 ry), 9 (hand-held tester ID)
EEPROM block 4 (vehicle parameter 2), 5 (operating parameter 1), 6 (vehicle parameter 1), 7 (operating
F100 |parameter 2), 13 (vehicle parameter 3), 14 (operating parameter 3),17 (operating parameter 4), 18 (ve
hicle parameter 4)
F101 No fault in EEPROM block O (standard parameter)
F102 |Engine speed =
F103 |Engine speed > Starter demeshing speed
F104 |Engine speed > conf. threshold
F105 |Engine speed in conf. range
F106 |Engine speed > Warning threshold
F107 |Engine speed > Starter diagnosis limit
F108 |Engine speed < Limit for unintentional starter actuation
F109 |rpm gradient < rpm gradient threshold
F110 |Turbocharger speed sensors =
F111 |Turbocharger speed > conf. limit
F112 |Turbocharger speed < conf. lower threshold
F113 |Set torque > lower set torque threshold
F114 |Set torque < upper set torque threshold (engine braking mode)
F115 |Set torque > conf. torque threshold
F116 Missing message or faulty checksum in the communication between limp home processor and main pro-|
cessor
F117  |Re-initialization of communication between limp home processor and main computer has failed
F118 |KW sensor voltage < Limit
F119  |KW-NW status not synchronized
F120 |KW-NW status initialization
KW-NW assignment defective:
* System in KW limp home mode: camshaft cannot synchronize (additional tooth on NW is not recog-
nized), but NW sensor is sending pulses -> after 36 NW pulses a flag is set. If this flag is present for
F121 the duration of the debounce period, the fault is logged.

* System in NW limp home mode: crankshaft cannot synchronize (additional tooth on KW is not recog-
nized), but KW sensor is sending pulses > after 108 pulses a flag is set. If this flag is present for the
duration of the debounce period, the fault is logged.
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Seq. no.

Fault condition/Fault clearing condition

KW timeout: a new KW event does not occur within the expectation window. The expectation window is

F122 |generated dynamically from the last valid interpulse period. For this, the camshaft system must be syn-
chronized and calculate a rotational speed greater than 400 rpm.
NW timeout: a new NW event does not occur within the expectation window. The expectation window is

F123 |generated dynamically from the last valid interpulse period. For this, the camshaft system must be syn-
chronized and calculate a rotational speed greater than 400 rpm.
KW has wrong pole connection: detection of sensor with wrong pole connection if the enable condition

F124 o ; .
for activation and for the duration of the test is met.

F125 Camshaft has wrong pole connection: detection of sensor with wrong pole connection if the enable con-
dition for activation and for the duration of the test is met.

F126 |AdBlue tank temperature < AdBlue tank temperature limit

F127  |Ambient air temperature < Ambient air temperature limit

F128 |(Charge air pressure - Ambient pressure) > Limit

F129 |(T6 temp. - T engine) > conf. limit

F130 |Integrator < minimum limit

F131 Integrator > maximum limit

F132  |Fuel pressure > conf. max. limit

F133 |Fuel pressure < conf. min. limit

F134 |Charge air pressure deviation < minimum limit

F135 |Charge air pressure deviation > maximum limit

F136 |Qil pressure < conf. warning threshold

F137 |Qil pressure < conf. pre-warning threshold

F138 |Coolant temperature > conf. warning threshold

F139 |Coolant temperature > conf. pre-warning threshold

F140 |Temperature before catalyst > Warning threshold

F141 |Temperature before catalyst > Warning buzzer threshold

F142 |Voltage > Maximum value of nominal range

F143 |Voltage < Minimum value of nominal range

F144  |Fuel pressure > Min. plausibility limit

F145 |Fuel pressure < Max. plausibility limit

F146 |(T6 temp. - T engine) > Max. plausibility limit

F147 |(T6 temp. - T engine) > Min. plausibility limit

F148 |Catalyst temperature 1 < Temperature threshold

F149 |Catalyst temperature 2 < Temperature threshold

F150 |Accumulated time of temperature overshoot > Time limit

F151 |Air temperature < conf. limit

F152 Diagnosis service routine, "Mannheim" function activated

F153 |Diagnosis service routine, "Worth" function mode 0x01 or Ox02 activated

F154 |Catalyst temperature signals cannot be uniquely assigned to location

F155 |Compressed air pressure too low

F156 |Temperature in front of catalyst high enough

F157 |Compressed air pressure too high

F158 |Mean urea pressure at turning point > Upper fault limit

F159 |Mean urea pressure at turning point > Lower fault limit

F160 |Turning point was not detected during monitoring

F161 |Current consumption of pump is continually too high

F162 |Fault counter from EEPROM reaches configured maximum limit

F163 |Current consumption < Lower fault limit
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Seq. no. Fault condition/Fault clearing condition

F164  |Current consumption > Upper fault limit

F165 |Mean consumption < Lower fault limit

F166 |Mean consumption > Upper fault limit

F167 [Not possible to generate urea pressure

F168 |Urea tank fill level = Empty level

F169 |Configurable cylinder number <> Cylinder number in accordance with HW identifier

F170 |Starter level detection implausible

F171 Fault ranking 0

F172  |Fault ranking 1

F173  |MIL actuation (CAN-ID 1696) not equal to MIL request (CAN-ID 1631)

F174 Measurement > Permissible value

F175 |Failed attempts > Minimum number

F176 |Failed attempts < Maximum number

F177  |Engine braking stage 2 requested

F178 |Variable engine brake requested

F179  |Turbobrake parameterized

F180 |Diagnosis activated with engine off

F181 |Diagnosis always activated

F182 |Number of charge air pressure sensors = 1

F183 [Mean value formulation completed

F184 |Mean value formulation completed

F185 |No general actuator fault

F186 |No general actuator fault

F187 |EGR parameterized for continually adjustable control

F188 |EGR stepless PWM = EGR stepless PWM warm

F189 |EGR stepless PWM warm > EGR stepless PWM Off

F190 |Cyclic ground keying of EGR valve detected

F191 (HFL battery voltage off - HFL battery voltage on) < conf. limit

F192 |Engine status ON

F193 [No VTG limp home mode

F194  |Turbobrake parameterized and activated

F195 |Turbocharger braking mode parameterized and available

F196 |Variable engine brake request from CAN or MR

F197  |Active turbocharger braking mode

F198 |VTG status steady-state

F199 [Max. number of keys reached

F200 [Key not yet programmed

F201 Permissible transponder code

F202 |Transponder valid

F203 WSP is deactivated with X5

F204 |WSP is deactivated with X3

F205 |WSP active and FMR parameterized with WSP

F206 |Number of challenges exceeded

F207 ID 594 received and FMR in two-wire mode

F208 |Waiting time in single-wire mode after switch back > Limit

F209 |MRin single-wire mode (= MR in two-wire mode)

F210 |Fault counter for failed switch-back attempts > Limit

164




Diagnosis

Seq. no. Fault condition/Fault clearing condition
F211 Number of messages not received > Limit
F212 |Waiting time for consistency test expired
F213 |Starter actuation parameterized
F214  |No starting lock via CAN
F215 |Battery voltage > 10V
F216 |Turbocharger braking mode active
F217  |Turbocharger braking mode not s.n.a.
F218 |VTG transient mode
F219 |VTG EGR mode
F220 |VTG closed/open-loop control
F221 Engine braking stage 1 request valid
F222 |Engine braking stage 2 request valid
F223  |Guide vane not requested
F224  |Fuel pressure tolerance range < Max. tolerance range
F225 [No drive control (ADR) active
F226 |Charge air pressure plausible
F227  |Ambient pressure > Ambient pressure threshold
F228 |Fuel temperature > conf. temperature threshold
F229 |Coolant temperature > conf. temperature threshold
F230 |Charge air temperature torque regulation active
F231 |Number of diagnostics line faults > conf. number
F232 |Qil trap line break detected
F233 |Diagnostics line level = Low
F234 |Qil trap not actuated
F235 |Starter not actuated
F236 |Engine status not equal to start
F237 |Heater flange not actuated
F238 |Power-down control on
F239 Characteristic points, smoke limiting map (ID 5 or 223) and smoke limiting with EGR (ID 129 or 226) not
equal
F240 |Checksum error, map data set
F241 Underfill warning threshold reached
F242  |Underfill pre-warning threshold reached
F243  |Overfill warning threshold reached
F244  |Lock time expired
F245 |Cylinder-specific integrator value < Negative maximum controller restriction
F246 |Cylinder-specific integrator value > Positive maximum controller restriction
F247 |EZA adjustment time > conf. EZA timeout
F248 |Incorrect hardware ID
F249  |No extension of power-down via CAN
F250 |EEPROM writing completed
F251 |Qil level plausibility check finished
F252 |Oil level measurement lock time expired
F253 |Power-down of various users expired
F254 |Heater flange protection expired
F255 |Starter diagnosis level low
F256 |Engine turning
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Seq. no. Fault condition/Fault clearing condition

F257 |Starter type JE

F258 |Starter on with engine turning

F259 |Starter parallel branch locked

F260 |Time since commencement of starting > rpm waiting time

F261 |Starter actuated

F262 |No starter short circuit

F263 |Parallel branch locked

F264 |No starter diagnosis level change

F265 |Parallel branch not faulty

F266 |Level detection circuit faulty

F267 |Level detection plausible

F268 |Battery voltage > Diagnostics limit

F269 |Starter main branch transistor STA1 or STA2 failed

F270 |Starter output stage has high resistance

F271 Starter main branch on
Parameterization fault detected, is stored when parameterizing the control unit with a test device if:
* the configured fan data of the parameterized fan type are not flagged as valid in the data set,
* the configured oil pan data of the parameterized oil pan are not flagged as valid in the data set,
* the parameterization of the proportioning valves does not corerespond to what is installed, or

£279 e an invalid unit pump class (>6 is set to 0) is parameterized, or
¢ a fan system that requires two outputs is parameterized by only one output is activated, or
* a fan system that requires one output is parameterized and two outputs are activated, or
* an attempt has been made to parameterize a fan system but the output it requires is already assigned

to another function, or

* a non-defined fan system is to be parameterized.

F273 |Map data set tampering detected

F274  |High-tech heater flange parameterized

F275 |Diagnosis phase 1 active

F276 |Diagnosis signal debounce OK

F277 |HFL diagnosis level = low

F278 |Timeout diagnosis signal

F279 |Diagnosis phase 2 active

F280 |Diagnosis and debounce time expired

F281 No undervoltage

F282 |Coolant temperature < Max. value for diagnosis

F283 |Voltage excursion OK

F284 |Enable phase

F285 |HFL off

F286 |Torque limitation active

F287 |Oil temperature > Limit

F288 |No atmospheric pressure sensor error

F289  [No oil pressure sensor error

F290 |Oil pressure > Max. pressure difference

F291 |Tolerance range < conf. tolerance

F292 |(Charge air pressure - atmospheric air pressure) outside the conf. range
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Seq. no. Fault condition/Fault clearing condition
F293 |Engine speed < conf. threshold
F294 |Set torque < conf. threshold
F295 |(Charge air pressure - Atmospheric air pressure) > conf. error range
F296 |At least one of the CAN messages received in the 20 ms scan cycle is absent
F297 |Hardware version ID in EEPROM is not equal to "A" or "B"
F298 |Hardware coding (voltage level) cannot be definitively read
F299 |Hardware version: EEPROM = "MR2A" and hardware coding = "MR2B"
F300 |Hardware version: EEPROM = "MR2B" and hardware coding = "MR2A"
F301 |ASIC: EEPROM = "ASIC installed" and hardware coding = "ASIC not installed"
F302 |ASIC: EEPROM = "ASIC not installed" and hardware coding = "ASIC installed"
F303 |AGN ID set in data set
"PullAway" function is activated via CAN or test and at the same time the power categories 0 and 14 are
F304 . .
not exclusively enabled in the data set
F305 |Catalyst temperature protection active in braking mode (-> Opening of exhaust brake valve)
F306 |Fault login data set enabled
F307 |Tolerance range < Voltage delta
F308 |Turbocharger speed input parameterized to generator rpm recording
F309 |EGR protective function activated
F310 |Generator pulse time > conf. limit
F311 Fan speed < conf. factor * Fan driving speed
F312 |ID OxO8FF2DD3F not received from NOx sensor
F313 |"NOx sensor short circuit" error message received
F314 |"NOx sensor line break" error message received
F315 [(MIL conversion ratio delta + 1) > MIL threshold
F316 |(Torque limiter conversion ratio delta + 1) > Torque limiter threshold
F317 |SCRT ID set in data set
F318 |Metering valve on frame module parameterized
F319 |T4 limit factor < 1
F320 |Engine protection information for exhaust gas turbocharger T4 enabled
F321 |T4 function activated (max. change of limit factor T4 > Q)
F322 |k-factor equal to 3
F323 |k-factor equal to -2
F324 |Control deviation too high
F325 |Timeout expired
"Regeneration" function is activated and at the same time the power categories 0 and 13 are not exclu-
F326 . .
sively enabled in the data set
F327 |P_AdBlue sensor and throttle flap position sensor simultaneously parameterized on the MR
F328 |Oxidation catalyst temperature 1 < Temperature threshold
F329 |Oxidation catalyst temperature 2 < Temperature threshold
F330 |Ureafill level sensor faulty
F331 Regeneration strategy controlled variable less than conf. limit
F332 |NOx concentration filtered < Limit [over the entire recording period (10 events)]
F333 |Pressure in front of particulate filter > Limit (+ hysteresis)
F334 |Pressure after particulate filter > Limit (+ hysteresis)
F335 |EEPROM flag set: F333 was detected during last power-down
F336 |EEPROM flag set: F334 was detected during last power-down
F337 |SCR-RM sensor bank 1 fault via HS-CAN
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Seq. no. Fault condition/Fault clearing condition
F338 |SCR-RM sensor bank 2 fault via HS-CAN
F339 |SCR-RM sensor bank 3 fault via HS-CAN
F340 |Values for current/mean urea consumption are valid
F341 |Fan type 10 parameterized
F342 |Fan type 11 parameterized
F343 |Fault identifier VO9 parameterized
F344  |"Faulty NOx sensor” fault detected by fault identifier V09
F345 |"Raised untreated NOx emissions" fault detected by fault identifier VO9
F346 |"Reduced AdBlue quality" fault detected by fault identifier V09
F347 |"Insufficient metering" fault detected by fault identifier V09
F348 |"Faulty SCR catalyst fault detected by fault identifier V09
F349 |Interim bad event threshold 1 of NOx preliminary debounce
F350 |Interim good event threshold 1 of NOx preliminary debounce
F351 Interim bad event threshold 2 of NOx preliminary debounce
F352 |Interim good event threshold 2 of NOx preliminary debounce
F353 [|Fault identifier VO9 finished
F354 |K4 is freely debounced in corrective action
F355 |Corrective action 6 active (FB map switchover without metering stop)
F356 |"Defective NOx sensor" fault logged in FSP
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Overview of monitoring conditions

Seq. no. Monitoring condition
U1 AGN function activated
uz Sensor connected to the MR
us3 Sensor connected to the SCR-RM
U4 Error-free communication with SCR-RM (high-speed CAN)
us SCR-RM not locked (diagnosis service routine "Mannheim" function) not active
ué Compressed air assistance activated
u7 Sensor characteristic curve valid
us Sensor voltage < Maximum permissible voltage
U9 Sensor voltage > Minimum permissible voltage
uto Battery voltage > Minimum permitted battery voltage
Uil Operating voltage > Impact pre-control battery voltage limit
uit2 No undervoltage
ui3 Battery voltage > 10V
utl4 PVB high side switched on
uits Metering PWM phase off
uité Metering PWM short circuit to battery voltage test phase active
uitz Terminal 15 on
uis Engine status ON
u19 Engine status ON LLR
uz20 Engine status ON, ADR
uz1 Set torque greater than torque threshold for long enough
u22 Sufficient number of loops have been run through for summation
uz3 Engine speed > Engine speed threshold
uz24 Air valve locked
uz25 Air valve on
uz6 Compressed air pressure enable issued
U27  |Temperature in front of catalyst too low
uz8 Turning point of accumulator characteristic curve detected
U29  [Turning point was not detected during monitoring
u30o Current consumption of pump is continually too high
U3 Monitoring condition is enabled
u32 Urea pressure > Pump switch-off threshold
u3s Specified urea consumption > Limit
. It was not possible to generate urea pressure, pump power consumption was normal, urea pressure
Us4 greater than limit for a major leak, monitoring condition is enabled and permitted
u3s Starter actuated
u3é Sensor installed and parameterized
U3z Coolant temperature sensor faulty
u38 Coolant temperature > Coolant temperature limit
u39 No turbocharger overpressure (wastegate jamming)
u40 Charge air pressure control integrator not conspicuous
U41 Charge air pressure control deviation not conspicuous
u42 Charge air pressure reached in braking mode
u43 Low-speed CAN parameterized
u44 Low-speed CAN first ID received
u45 Low-speed CAN ramp-up time expired
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Seq. no. Monitoring condition

u4é Low-speed CAN not switched off in power-down

uaz Oil level sensor not energized

u48 Transponder code not equal to OxFF OxFF OxFF OxFF OxFF

u49 Transponder code could not be read in via terminal 50 MR

us0 Keycompare failed

U51 FMR has read in valid TPC

us2 WSP is not deactivated with X3 or X5

us3 WSP active and FMR parameterized with WSP

us4 Data received successfully via CAN

us5 TPC requested via CAN

us6 Diagnostic modules or EPLD could not be read out

us7 MV LowSide off

us8 Cylinder shows valve short

us9 MV bank1 actuation, low-side ground short (MU ID 298) - fault active

ué60 MV bank2 actuation, low-side ground short (MU ID 299) - fault active

ué1 HFL diagnosis level = High

ué62 HFL diagnosis level debounced

Ué3 Coolant temperature < Coolant temperature limit

ué4 Diagnosis time expired

ués Diagnosis phase 2 active

uéé Hightech heater flange parameterized

ué7 Heater flange SW parameterized

ués Proportioning valve parameterized to HFL

ué69 Specified fan speed <> Max. fan speed

u7o Specified fan speed > 600 rpm

u7z1 Lock time expired

uz2 Charge air temperature > conf. limit

uz3 Measurement not running (cool-off phase)

uz4 Smooth-running controller status - steady-state

uz5 No cylinder fault active

uzé (Adaptation rpm - rpm window) < rpm < (Adaptation rpm + rpm window)

urz7z Set torque > conf. lower load limit

u78 EZA active

uz9 Maximum power-down time expired

u8o Maintained function deactivated

U8t Control unit activated 3 times

us2 Cylinder number OK

us3 Error-free communication with limp home processor

us4 Engine speed < 1000 rpm

uss Torque < 50%

usé KW/NW polarity reversal detection activated

us7 Starter actuated

u8s No starter short circuit

U89 Parallel branch OK

ugo Main branch active

U9t PVB2 HS on

ug92 PVB2 HS not high resistance
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Seq. no. Monitoring condition

ug93 Fault not active

uo94 Internal control unit fault, PVB2 high-side transistor has high resistance (MU ID 53) - fault active

ug9s SCR catalyst temperature sensor - 1, measuring range undershot (MU ID 10) - fault active

uo9é SCR catalyst temperature sensor - 1, measuring range exceeded (MU ID 11) - fault active

ug97 SCR catalyst temperature sensor - 2, measuring range undershot (MU-ID 12) - fault active

uos SCR catalyst temperature sensor - 2, measuring range exceeded (MU-ID 13) - fault active

ug9 Internal fault, EEPROM rear error 1(MU ID 157) - fault active

U100 |Internal fault, incorrect hardware ID (MU ID 158) - fault active

U101 |CAN low speed, data implausible (MU ID 255) - fault active

U102 |CAN low speed, no communication (MU ID 257) - fault active

U103 |LLR active

U104 |PV parameterized

U105 |[No electrical fault at PV

U106 |No electrical fault at PVB

U107 |MR2-B hardware (- hardware MR2-A)

U108 |Metering pulse duty factor >0

U109 |[Sensor voltage > Lower plausibility limit

U110 |Sensor voltage < Upper plausibility limit

U111  |Waiting time after switch-on of air valve has expired

U112 |Vehicle speed < conf. value

U113 |Vehicle speed not equal to s.n.a.

U114 |Engine speed < conf. value

U115 |Fan request via CAN 100%

U116 |Fan timeout (MU ID228) detected or debounce is running

U117 |Fan type 2 or 8 parameterized

U118 |No CAN error

U119 [No fan parameterization error

U120 |NOx sensor, no communication "not active"

uit21 1st ID OxO8FF2DD3F received from sensor or ramp-up time expired

U122 |Atmospheric pressure sensor faulty

U123 |Atmospheric pressure > Atmospheric pressure limit

U124 |Ambient temperature sensor faulty

U125 |Ambient temperature in valid range

U126 |Enable issued for evaluation

U127 |Exhaust gas temperature T4 sensor fault

U128 |T4 function activated (max. change of T4 limit factor > 0)

U129 |PV7switched off for at least 200us with 0% pulse duty factor

U130 |PV7switched on for at least 200us with 100% pulse duty factor

U131 |Controller in control mode

U132 |Timeout expired

U133 |Reference search routine successful

U134 |Input assigned differently
(AdBlue tank temperature > Threshold and no substitute value and AdBlue temperature > Threshold and

U135 | substitute value) or (AdBlue tank temperature > Threshold and no substitute value and AdBlue tem-
perature substitute value) or (AdBlue temperature > Threshold and no substitute value and AdBlue tank
temperature substitute value)

U136 |Ambient enable for urea pump issued

U137 |"Pressure duct clogged" fault is not active
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Seq. no.

Monitoring condition

U138

Air valve open time has expired and urea pressure when air valve was open was too low

U139 |Air valve is open and enable for compressed air pressure is issued

) Monitoring for "pressure duct clogged" is deactivated and AdBlue pressure reduction time has expired

U140 |and AdBlue pressure is below the lower threshold and AdBlue pressure was greater than the upper
threshold when the air valve was open

) Monitoring for "diffusor clogged" is deactivated and AdBlue pressure reduction time has expired and Ad-|

U141 |Blue pressure is greater than the lower threshold and AdBlue pressure was greater than the upper
threshold when the air valve was open

- AdBlue pressure reduction time has expired and AdBlue pressure is greater than lower threshold and

ui4z AdBlue pressure was high enough when the air valve was open and clogging was confirmed (fault)

) AdBIlue pressure reduction time has expired and AdBlue pressure is less than the lower threshold and

U143 |AdBlue pressure was high enough when the air valve was open and "diffusor clogged" fault is not active
and clogging is confirmed (fault)

U144 |Oxidation catalyst temperature sensor - 1, measuring range undershot (MU ID 329) - fault active

U145 |Oxidation catalyst temperature sensor - 1, measuring range exceeded (MU ID 330) - fault active

U146 |Oxidation catalyst temperature sensor - 2, measuring range undershot (MU ID 331) - fault active

U147 |Oxidation catalyst temperature sensor - 2, measuring range exceeded (MU ID 332) - fault active

.. Pressure before DPF, pressure after DPF, ambient air pressure, temperature after oxidation cat., tem-

U148 perature before SCR cat., charge air pressure and charge air temperature available

U149 |Exhaust gas mass flow rate greater than conf. limit

U150 |Preliminary debounce time expired

U151  |k-factor > conf. limit

U152 |k-factor < conf. limit

U153 |k-factor status equal to -2

U154 |k-factor status equal to 3

U155 |Set engine torque > conf. threshold

U156 |No catalyst temperature sensor fault™

) [Status of NOx auto. plaus. check: NOx sensor value monitoring] and [engine status on] and [set torque

U157 |>=enable threshold] and [values for limit check available] and {NOx target emissions >= enable thresh-
old] and [number of monitoring events = 10]

U158 |Engine status STOP

U159 |Engine status was already ON or START in the same drive cycle

U160 |Delay counter for DPF plausibility check has expired

U161 |Pressure sensor in front of particulate filter, measuring range undershot (MU ID 333) - fault active

U162 |Pressure sensor in front of particulate filter, measuring range exceeded (MU ID 334) - fault active

U163 |Pressure sensor after particulate filter, measuring range undershot (MU ID 335) - fault active

U164 |Pressure sensor after particulate filter, measuring range exceeded (MU ID 336) - fault active

U165 |Engine speed =

U166 |MU debounce in power-down completed

U167 |PV50n

U168 |No HS-CAN error, 1st IDs OxCFF233d and 0x14FF273d received, SW version for SCR-RM > 0x05

U169 [Monitoring enable issued

U170 |Fan type 10 or 11 parameterized

U171  |Fault identifier VO9 parameterized

U172 |Interim bad event threshold 1 of NOx preliminary debounce

U173 |Interim good event threshold 1 of NOx preliminary debounce

U174 |Interim bad event threshold 2 of NOx preliminary debounce

U175 |Interim good event threshold 2 of NOx preliminary debounce

172



Diagnosis

U176 |Fault in fault identifier VO9 not equal to 31 and O (all possible faults and no possible faults) ‘
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Diagnosis

Overview of parameter configurations

Seq. no. Parameter configuration
P1 AGN function activated
P2 Sensor connected to the MR
P3 Sensor connected to the SCR-RM
P4 Correct communication with SCR-RM (high-speed CAN)
P5 SCR-RM not locked ("Mannheim" function diagnosis service routine) not active
P6 Compressed air assistance activated
P7 Sensor characteristic curve valid
P8 Line heater parameterized
P9 Proportioning valve parameterized
P10 Function activated
P11 PV5 or PV6 or PV7 or PV8 parameterized
P12 EGR parameterized to PVB2
P13 MR2-B hardware (- hardware MR2-A)
P14 Compressed air shut-off valve parameterized
P15 Fan type 2 or 8 parameterized
P16 CAN parameterized
P17 No fan parameterization error
P18 NOx function activated
P19 Metering valve on frame module parameterized
P20 T4 sensor parameterized
P21 T4 function activated (max. change of T4 limit factor > 0)
P22 Throttle flap direction parameterized to PV5
P23 Throttle flap parameterized to PV7
P24 Input assigned differently
P25 Diffusor heater parameterized
P26 Air supply monitoring malfunction is activated
P27 Monitoring of clogged diffusor is activated
P28 Air valve control is activated
P29 Monitoring of clogged pressure duct is activated
P30 SCRT function activated
P31 Fault differentiation activated
P32 "k-factor too high" monitoring is activated
P33 "k-factor too low" monitoring is activated
P34 SCRT function with throttle flap is activated
P35 Throttle flap is parameterized
P36 Fan type 10 or 11 parameterized
P37 Fault identifier VO9 parameterized
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Overview of scan cycles

Diagnosis

Seq. no. Scan cycle Seq. no. Scan cycle
T1 10 ms 17 Variable (40/80/120/... /200) ms
T2 20 ms T8 Event controlled
T3 40 ms T9 Fault: event controlled, fault-free operation: 20 ms
T4 100 ms T10  |For control unit ramp-up
T5 200 ms T11  |Speed-dependent
T6 1000 ms T12 |ldle task
Overview of debounce time
Seq. no. Debounce time Seq. no. Debounce time
E1 Configurable time E14 |15s
E? 300 us E15 In the case of parameterized functions with ground keying: 1 s; oth-
erwise: 0.1s
E3 0.2s E16 |Configurable number of events
E4 0.3s E17 |3 events
ES 04s E18 |5 events
E6 0.6 s E19 |3 events in succession
E7 0.8s E20 |5 events in succession
E8 1s E21 10 events
E9 1.2s E22 |10 events (switch-back attempts) 10s per attempt
E10 |2s E23 |15 messages at 10 ms each message
E11 3s E24 |Initialization: 3 events in succession; operation: 5 events
E12 |55 E25 |After 3 activation cycles in succession (18 s)
E13 |10s E26 |After 3 control unit activation cycles
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Diagnosis

Causes of faults/pin assignments

MR2A: 55-pin multiple plug (engine connector)

Pin |Assighment or

Abbre-

In,

- MU ID Description Cause
no. |\name viation|out
Oil trap/.heate.r 90 Oil trap faulty, ground | QOil trap line break
0 |[flange diagnosis |OAB_S|I . - . .
signal 91 short Oil trap diagnosis |Oil trap ground short
173 NW signal timeout Sensors faulty or loose, malfunctioning sen-
Camshaft sensor sor signals
1% 0 NW_B |l 172 NW signal line break Faulty cable (cable break), faulty sensor
171 NW sensor wrong pole |Connecting lines have wrong pole connec-
connected tion
167 KW signal timeout Sensors faulty or loose, malfunctioning sen-
. . sor signals
KWisignal line break Faulty cable (cable break), faulty sensor
Crankshaft sensor 170 KW sensor has wrong Connecting lines have wrong pole connec-
2y 0 KW_B |l 168 pole connection, KW/ tion & &P
166 ls\li\é\:easmgnment mplau- Sensors (KW and/or NW) faulty, mark holes
wrong or dirty, malfunctioning sensor sig-
nals
3 Coolant temp. TMOT_I 175 T-ENG sensor MAX Faulty cable (cable break), faulty sensor
X |sensor feedback |B 176 T-ENG sensor MIN Faulty cable (ground short), faulty sensor
4 Fuel temp. sensor |TFUEL | 205 T-FUEL sensor MAX Faulty cable (cable break), faulty sensor
X |feedback _B 206 T-FUEL sensor MIN Faulty cable (ground short), faulty sensor
P-OIL sensor MAX
200 P-OIL sensor MIN Faulty cable (cable break), faulty sensor
. . 201 No turbocharger speed 1{Faulty cable (ground short), faulty sensor
Passive oil pres-
sure sensor / tur- 265 Turbocharger speed sen- Faulty cable, faulty sensor
POEL_ 281 sor MAX Faulty cable (cable break), faulty sensor
5y |bocharger speed I
282 Turbocharger speed sen{Faulty cable (ground short), faulty sensor
sensor/ fan speed
sensor feedback 228 sor MIN Faulty cable, faulty sensor
275 No fan speed Faulty cable (cable break), faulty sensor
276 T-CHARGEZ2 sensor MAX|Faulty cable (short circuit), faulty sensor
T-CHARGE2 sensor MIN
Active oil pressure| POELA 200 P-OIL sensor MAX Faulty cable (cable break), faulty sensor
by sensor suppl KT P O (201 P-OIL sensor MIN Faulty cable (ground short), faulty sensor
y - 199 P-OIL implausible Faulty sensor, cable break
Charge air pres- 211 P-CHARGE sensor MAX |Faulty cable (cable break), faulty sensor
7x |sure sensorsup- |P2_P |l |212 P-CHARGE sensor MIN [Faulty cable (ground short), faulty sensor
ply 213 P-CHARGE implausible |Faulty sensor, cable break
8 |[NC

X: Sensor on engine
Y: Sensor on vehicle /frame
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Diagnosis

Pin | Assignment or A'bb.re- In, MU ID Description Cause
no. |\name viation|out
OM904:
237,239 Faulty actuation
292,294 299 Short circuit Faulty cable (cable break), faulty SG, faulty
OM906: unit pump
238,239,240 Faulty actuation Valve short, faulty cable (ground short)
Faulty cable (cable break), faulty SG, faulty
Unit pump 293,294,295 299|Short circuit unit pump
9 |bank 2 feed- |MVB2 |O |OM501: Valve short, faulty cable (ground short)
back (B-D-F-H) 238,239,240 Faulty actuation Faulty cable (cable break), faulty SG, faulty
unit pump
293,294,295 299|Short circuit Valve short, faulty cable (ground short)
OM502: Faulty cable (cable break), faulty SG, faulty
236,238,239,240|Faulty actuation unit pump
Valve short, faulty cable (ground short)
291,293,294,295|Short circuit
299
Active oil pres- 200 P-OIL sensor MAX |Faulty cable (cable break), faulty sensor
sure sensor/ POELA 201 P-OIL sensor MIN Faulty cable (ground short), faulty sensor
10y|Combined oil KT M I 199 P-OIL implausible Faulty cable (cable break), faulty sensor
sensor feed- - 75 T-OIL sensor MAX  |Faulty cable (cable break), faulty sensor
back 76 T-OIL sensor MIN Faulty cable (ground short), faulty sensor
11 Proportioning PV_M |O |90 Oil trap faulty Faulty cable (cable break)
valve ground
178 Short to battery volt-|{Faulty cable (short to battery voltage), faulty
age (+cable) solenoid valve
Proportioning 179 Ground short (+ca- |Faulty cable (ground short), faulty solenoid
valve bank 1 ble) valve
12 (PV 1...4) sup- PVB_PIO 248 Line break, PV1 Faulty cable (cable break)
ply 252 Line break, PV2 Faulty cable (cable break)
227 Line break, PV3 Faulty cable (cable break)
231 Line break, PV4 Faulty cable (cable break)
Combined in-
put (fuel pres- 232 P-FUEL sensor MAX |Faulty cable (cable break), faulty sensor
sure/ 233 P-FUEL sensor MIN |Faulty cable (ground short), faulty sensor
13 accelerator/ PDK P| 234 P-FUEL sensor impl. |Faulty sensor, cable break
X|T6 temp. sen- - 277 T-T6 sensor MAX (T- |Faulty cable (cable break), faulty sensor
sor (T-EGR EGR sensor)
sensor)) sup- 278 T-T6 sensor MIN Faulty cable (ground short), faulty sensor
ply
14y Fan speed P23_P|O |228 No fan speed Faulty cable (cable break), faulty sensor
sensor supply
15 ’?u”r;esrgr?seg?_ TOEL_ | 75 T-OIL sensor MAX  |Faulty cable (cable break), faulty sensor
X feedback B 76 T-OIL sensor MIN Faulty cable (ground short), faulty sensor

X: Sensor on engine

Y: Sensor on vehicle/frame
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Diagnosis

Pin |Assignment or A'bb're- ", \muID Description Cause
no. |\name viation|out
OM904:
235,236 Faulty actuation Faulty cable (cable break), faulty SG, faulty
unit pump
290,291 298 -
OM906: Short circuit Valve short, faulty cable (ground short)
235,236,237 Faulty actuation Faulty cable (cable break), faulty SG, faulty
Unit pump unit pump
290,291,292 298 o
16 222:: 1 feed- MvB1lo loms01: Short circuit Valve short, faulty cable (ground short)
235,236,237 .
(A-C-E-G) Faulty actuation Faulty cable (cable break), faulty SG, faulty
unit pump
290,291,292 298 -
OM502: Short circuit Valve short, faulty cable (ground short)
335’237’241’24 Faulty actuation Faulty cable (cable break), faulty SG, faulty
290,292,296,29 Short circuit unit pump
Valve short, faulty cable (ground short)
7 298
17y Fanspegd NLUE—I 228 No fan speed Faulty cable, faulty sensor
sensor signal |S
Starter actua- 184 tsgfrtfglfaho: to bat- Faulty cable (short to battery voltage)
1g |Draner actlaianiA 0 [185 YVOIA&e = Iraulty cable (ground short)
tion, high-side Starter short circuit
186 . . Faulty cable (cable break)
Starter interruption
KW signal ground
169 short Faulty cable (ground short), faulty sensor
167 KW signal timeout Fauhysgnsonsensoﬂoose,maHuncnonmg
sensor signals
19, Crankshaft KW_A [i 170 KW signal line break Faulty ca}ble Fcable break), faulty sensor
sensor (+) Connecting lines have wrong pole connect-
168 KW sensor has wrong
. ed, sensors (KW and/or NW) faulty, mark
166 pole connection holes wrong or dirty, malfunctioning sensor
KW/NW assignment | . & Y &
. signals
impl.
[S\lk:/gr?gnal ground Faulty cable (ground short), faulty sensor
174 . . Faulty sensor, sensor loose, malfunctioning
NW signal timeout .
Camshaft sen- 173 sensor signals
20y NW_A |I
sor (+) 172 . . Faulty cable (cable break), faulty sensor
NW signal line break .
171 Connecting lines have wrong pole connec-
NW sensor has wrong tion
pole connection
Charge air T-CHARGE sensor
21 temperature 2B | 207 MAX Faulty cable (cable break), faulty sensor
X sensor feed- - 208 T-CHARGE sensor Faulty cable (ground short), faulty sensor

back

MIN
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Diagnosis

22

Pad

Combined in-
put (fuel pres-
sure/
accelerator/
T6 temp. sen-
sor (T-EGR
sensor)) feed-
back

PDK_
M

232
233
234
277

278

P-FUEL sensor MAX
P-FUEL sensor MIN

P-FUEL sensor impl.
T-T6 sensor MAX (T-
EGR sensor)

T-T6 sensor MIN

Faulty cable (cable break), faulty sensor
Faulty cable (ground short), faulty sensor
Faulty sensor, cable break

Faulty cable (cable break), faulty sensor

Faulty cable (ground short), faulty sensor

X: Sensor on engine

Y: Sensor on vehicle/frame
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Diagnosis

Pin | Assignment or A‘bb.re- In, MU ID |Description Cause
no. |\name viation|out
Charge air 211 P-CHARGE sensor MAX Faulty cable (cable break), faulty sensor
23y|pressure sen- [P2_M || (212 P-CHARGE sensor MIN Faulty cable (ground short), faulty sensor
sor feedback 213 P-CHARGE implausible Faulty cable (cable break), faulty sensor
No turbocharger speed 1
Turbocharger 265 Turbocharger speed sensor |Faulty cable, faulty sensor
24, speed sensor NTL1_ | 281 MAX Faulty cable (ground short), faulty sensor
X signal S 282 Turbocharger speed sensor |Faulty cable (cable break), faulty sensor
283 MIN Faulty cable (cable break), faulty sensor
Generator speed timeout
25 Englne service |V|SST—I - Status can be checked via free-running
switch - start |S
Passive oil/ 200 P-OIL sensor MAX Faulty cable (cable break), faulty sensor
26 charge air POEL_ | 201 P-OIL sensor MIN Faulty cable (short circuit), faulty sensor
Xl pressure 2 S 275 T-CHARGEZ2 sensor MAX Faulty cable (cable break), faulty sensor
sensor signal 276 T-CHARGEZ sensor MIN Faulty cable (short circuit), faulty sensor
Proportioning 253 Slr::))rt to battery voltage (+cay Faulty cable (short to battery voltage)
27 |valve 5, high- |PV5 |0 |254 Faulty cable (ground short), faulty solenoid
. . Ground short (+cable)
side actuation valve
Combined in- P-FUEL sensor MAX Faulty cable (cable break), faulty sensor
put (fuel pres- 232 P-FUEL sensor MIN Faulty cable (ground short), faulty sensor
sure/ 233 P-FUEL sensor impl. Faulty sensor, cable break
28y|accelerator/T6|PDK_S]|I 234 T-T6 sensor MAX (T-EGR sen-{Faulty cable (cable break), faulty sensor
temp. sensor 277 sor)
(T-EGR sen- 278 T-T6 sensor MIN (T-EGR sen-|Faulty cable (ground short), faulty sensor
sor)) signal sor)
Charge air 211 P-CHARGE sensor MAX Faulty cable (cable break), faulty sensor
29y|pressure sen- (P2_S |l 212 P-CHARGE sensor MIN Faulty cable (ground short), faulty sensor
sor signal 213 P-CHARGE implausible Faulty cable (cable break), faulty sensor
30 Englne service \MSS_ |- - Status can be checked via free-running
switch supply |P
31 [NC
Active oil pres- POELA 200 P-OIL sensor MAX Faulty cable (cable break), faulty sensor
32y|sure sensor KT S [ 201 P-OIL sensor MIN Faulty cable (ground short), faulty sensor
signal - 199 P-OIL implausible Faulty cable (cable break), faulty sensor
. 95 Oil level sensor MIN Faulty cable (ground short), faulty sensor
33y iCr)]|FI)LeiveI sensor gOEL— I 96 Oil level sensor MAX Faulty cable (cable break), faulty sensor
97 Oil level cable break Faulty cable (cable break), faulty sensor
34 Coolant temp. TMOT_I 175 T-ENG sensor MAX Faulty cable (cable break), faulty sensor
X|sensor signal |A 176 T-ENG sensor MIN Faulty cable (ground short), faulty sensor
35 Engme service | MSSP |- Status can be checked via free-running
switch -stop |_S
36 Fuel temp. sen{TFUEL | 205 T-FUEL sensor MAX Faulty cable (cable break), faulty sensor
X sor signal _A 206 T-FUEL sensor MIN Faulty cable (ground short), faulty sensor

X: Sensor on engine

Y: Sensor on vehicle/frame
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Pin | Assignment or A‘bb.re- In, MU ID Description Cause
no. |name viation|out
OM 502:
. 295 Short circuit Faulty cable (ground short),
Unit pump so- 240 Faulty actuation Faulty cable (cable break), faulty unit pum
37 |lenoid valve H [MVH [0 y 4 » TaUTty unit pump,
(bank 2) faulty SG
220 No impact Faulty unit pump, faulty SG
301 Short circuit Faulty cable (short to battery voltage)
OM502/
Unit pump so- 202
38 Ienoig vaIF\)/e F Imve lo 295,293 Short circuit Faulty cable(ground short), faulty cable (ca+
(bank 2) 240,238 Faulty actuation ble break), faulty unit pump, faulty SG
220,218 No impact Faulty unit pump, faulty SG
301 Short circuit Faulty cable (short to battery voltage)
39 '?u”n:?sr:r?sec:f_si |TOEL_ | 75 T-OIL sensor MAX Faulty cable (cable break), faulty sensor
X nal &1A 76 T-OIL sensor MIN Faulty cable (ground short), faulty sensor
223 Ground short, PV6 Faulty cable (ground short), faulty solenoid
- . valve
Proportioning Line break, PV6 .
40 |valve 6 low- . IPV6 |0 224 \Ij:ll\J/I;y cable (cable break), faulty solenoid
side actuation 249 i:}zrt to battery voltage, Faulty cable (short to battery voltage), faulty
solenoid valve
225 Ground short, PV3 Faulty cable (ground short), faulty solenoid
valve
Proportioning Short to battery voltage,
41 lvalve 3 low- . |PV3 |0 226 PV3 Faulty f:able (short to battery voltage), faulty
side actuation solenoid valve
227 Line break, PV3 Faulty cable (cable break), faulty solenoid
valve
180 Short to battery voltage Faulty cable (short to battery voltage)
- 181 (+cable] Faulty cable (ground short), faulty solenoid
Proportioning Ground short (+cable) valve ’
valve bank 2 )
42 (PV2,, PV 6) PV6_P|O 224 Line break, PV6 EZK,Ey cable (cable break), faulty solenoid
supply .
2504 Ground short, PV2 Faylty cable (PV2 cable break), faulty sole
noid valve
229 Ground short, PV4 Faulty cable (ground short), faulty solenoid
valve
Proportioning Short to battery voltage,
43 |valve 4 low-  IPva o 230 V4 Faulty gable (short to battery voltage), faulty
side actuation solenoid valve
231 Faulty cable (cable break), faulty solenoid

Line break, PV4

valve
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OM 904/

. 906/501
X: Sgnsor on engine 502:
Y: Sensor on vehicle/frame — L
Unit pump so- ;Zi gg? Short circuit Faulty cable (ground short), faulty cable (ca-
44 |lenoid valve ID [MVD |O 238,240,  |Faulty actuation ble break), faulty unit pump, faulty SG
(bank 2) 239, 236

Faulty unit pump, faulty SG

218,220, 1No impact Faulty cable (short to battery voltage)

219, 216, Short circuit
301
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Pin |Assignment or A‘bb.re- In, MU ID Description Cause
no. |\name viation|out
OM 904/
906/501/
502:
Unit pump so- ;Zg gg? Short circuit Faulty cable (ground short), faulty cable (ca-
45 |lenoid valve B [MVB |O 237,239,  |Faulty actuation ble break), faulty unit pump, faulty SG
(bank 2)
238, 236 .
. Faulty unit pump, faulty SG
217,219, No impact Faulty cable (short to battery voltage)
218, 216, Short circuit y y &
301
OM 502:
Unit pump so- 225 ?2&? Ca:rc(':czlattion Faulty cable (ground short), faulty cable (ca-
46 |lenoid valve G [MVG |O y ble break), faulty unit pump, faulty SG
ankcl) 217 No impact IEZE:? lcjgglsl;sr?wz’rﬁgllyaftgr voltage)
300 Short circuit y y &
OM 906/
501/502:
. 291,292, |Short cirouit Faulty cable (ground short), faulty cable (ca-
unit pump so- 297 ble break), faulty unit pump, faulty SG
47 |lenoid valve E [MVE |0 |236, 237, |Faulty actuation » faulty unit pump, fautty
(bank 1) 242 . Faulty unit pump, faulty SG
216,217, No impact Faulty cable (short to battery voltage)
222 Short circuit y y &
300
48 ,[Cer:]rgi:;rsor T2 A || 207 T-CHARGE sensor MAX |Faulty cable (cable break), faulty sensor
X signzi - 208 T-CHARGE sensor MIN  |Faulty cable (ground short), faulty sensor
. 95 Oil level sensor MIN Faulty sensor, short circuit to ground
Oil level sensor|HOEL_ .
49y [ 96 Oil level sensor MAX Faulty sensor, faulty cable, cable break
feedback M .
97 Oil level cable break Faulty sensor
Ground short, PV2 Faulty cable (ground short), faulty solenoid
- valve
Proportioning 250 Short to battery voltage,
50 lvalve 2 low-  |Pv2 o 1251 PV/2 Faulty gable(short to battery voltage), faulty
side actuation 252 solenoid valve
Line break, PV2 Faulty cable (cable break), faulty solenoid
valve
Ground short, PVl Faulty cable (ground short), faulty solenoid
- valve
Proportioning 146 Short to battery voltage,
51 lvalve 1low-  IPv1 lo |147 PV/1 Faultygable(shortto battery voltage), faulty
side actuation 148 solenoid valve
Line break, PV1 Faulty cable (cable break), faulty solenoid
valve
Proportioning Short to battery voltage Faulty cable (short to battery voltage) .
178 Faulty cable (ground short), faulty solenoid
valve bank 1 (+cable)
52 (here PV2) sup- PVB_PIO 179 Ground short (+cable) valve
P 252,) Faulty cable (cable break), faulty solenoid

ply

Line break, PV2

valve

X: Sensor on engine

Y: Sensor on vehicle/frame
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Pin |Assignment or |Abbre-|In,

- MU ID Description Cause
no. ([name viation|out

OM 904/
906/501/
502:

291, 292, Short circuit
291, 296
236, 237, Faulty actuation
236, 241
216, 217, No impact
216, 221
300 Short circuit

OM 904/

906/501
502:

290, 290, Short circuit
290, 290
235, 235, Faulty actuation
235, 235
215, 215, No impact
215,215
300 Short circuit

Unit pump so-
53 |lenoid valve C [MVC |O
(bank 1)

Faulty cable (ground short), faulty cable (ca+
ble break), faulty unit pump, faulty SG

Faulty unit pump, faulty SG

Faulty cable (short to battery voltage)

Unit pump so-
54 |lenoid valve A [MVA |O
(bank 1)

Faulty cable (ground short), faulty cable (ca-
ble break), faulty unit pump, faulty SG

Faulty unit pump, faulty SG

Faulty cable (short to battery voltage)

1: Only with EGR (Wahler valve) at PV2
2: Only with EGR not at PV2

X: Sensor on engine

Y: Sensor on vehicle/frame
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MR2A: 16-pin multiple plug (vehicle connector)

Pin |Assignment or Al?brevi- In, MU ID Description Cause
no. [name ation out
. Faulty cable (cable break)
1 &ﬂ';ﬁg‘cace CAN-H |1/0|257, 259|CAN-HIGH line faulty ~ |Faulty cable (ground short)
& Faulty cable (short to battery voltage)
. Faulty cable (cable break)
2 I(i“rf:)' interface (W o AN-L 170|257, 258|CAN-LOW line faulty | Faulty cable (ground short)
Faulty cable (short to battery voltage)
3 |CAN-HF ground |HF-GND - - -
4 |CAN - HF ground |HF-GND - - -
Battery voltqge 110 Overvoltage Generator or battery faulty
5 |(battery positive, |KL30 |l
111 Undervoltage Generator or battery faulty
battery voltage)
Battery voltqge 110 Overvoltage Generator or battery faulty
6 |(battery positive, |KL30 |l
111 Undervoltage Generator or battery faulty
battery voltage)
7 [NC - - |- - -
Start actuation 210 Terminal 50 inconsistent [Faulty cable (cable break)
8 . KL50 |l No transponder code re- |Faulty cable (cable break), faulty tran-
signal 261 . . . .
ceived via terminal 50 sponder electronics
9 Grouqd (battery KL31 } } }
negative)
178 Short to battery voltage Faulty cable (short to battery voltage),
(+cable) X
faulty solenoid valve
Proportioning 179 Faulty cable (ground short), faulty sole-
10 |valve bank 1(PV1,/PVB_P |0 Ground short (+cable) | &y 1ve
3, 4) supply 227 Line break, PV3 Faulty cable (cable break)
231 . Faulty cable (cable break)
248 |Hine break, PV4 Faulty cable (cable break)
Line break, PV1 4
11 Grouqd (battery KL31 ) ) )
negative)
. 184 Starter short to battery Faulty cable (short to battery voltage)
Starter actuation, voltage
12 |, . . ANLA |0 |185 N Faulty cable (ground short)
high-side Starter short circuit
186 . . Faulty cable (cable break)
Starter interruption
Diagnostics K-line
13 (1S0) DIAGK [I/0O |- - -
225 Ground short, PV3 Faulty cable (ground short), faulty sole-
noid valve
Proportioning Short to battery voltage,
14 |valve 3, low-side |PV3 0 226 PV3 Faulty cable (short to battery voltage),
actuation faulty solenoid valve
1 .
227 Line break, PV3 Faulty cable (cable break), faulty solenoid
valve
15 Battery voltage KL15 |l 209 Terminal 15 inconsistent |Faulty cable (cable break), faulty fuse

switched (ignition)

185




1: Sigrr_.?l also %n engine con

roportioning

16 |valve 4, low-side

actuation;

nector

PV4

229

230

231

Ground short, PV4

Short to battery voltage,
PV4

Line break, PV4

Faulty cable (ground short), faulty sole-
noid valve

Faulty cable (short to battery voltage),
faulty solenoid valve

Faulty cable (cable break), faulty solenoid
valve
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MR2B: 55-pin multiple plug (engine connector)

Pin |Assignment or Al?brevi- In, MU ID Description Cause
no. [name ation out
0 g:ntr:pd/i: eff)i.rs oas_s |1 |20 gm:g mg oil trap diag-|O) Irap line break
ang & - 91 . ’ P diag™ o) trap ground short
signal nosis
173 NW signal timeout Sensors faulty or loose, malfunctioning
. . sensor signals
Tx E)amshaft sensor NW_B |l 172 NW signal line break Faulty cable (cable break), faulty sensor
NW sensor has wrong pole Conr.1ect|ng lines have wrong pole con-
171 . nection
connection
167 KW signal timeout Sensors faulty or loose, malfunctioning
. . sensor signals
170 KW signal line break Faulty cable (cable break), faulty sensorn
2 Crankshaft sen- KW.B | KW sensor has wrong pole Conqectmg lines have wrong pole con-
sor (-) 168 . nection
166 connection Sensors (KW and/or NW) faulty, mark
KW/NW assignment impl. ) -
holes wrong or dirty, malfunctioning
sensor signals
175 T-ENG sensor MAX
176 T-ENG sensor MIN Faulty cable (cable break), faulty sensorn
Faulty cable (ground short), faulty sen-
Coolant tempera- sor
;[:L:r; i:rr:wspoerr/ature 205 T-FUEL sensor MAX Faulty cable (cable break), faulty sensor
3x sensor,/ TMOT_BI 206 T-FUEL sensor MIN zca);JIty cable (ground short), faulty sen-
AdBlue temp. sen-
sor feedback 3 T-AdBlue sensor MAX Faulty cable (cable break), faulty sensorn
Faulty cable (ground short), faulty sen-
2 T-AdBlue sensor MIN sor
. 17 T-AIR sensor MAX Faulty cable (cable break), faulty sensorn
4 Intake air temp. |\ TLUFT_ I Faulty cable (ground short), faulty sen-
X |sensor signal S 16 T-AIR sensor MIN sor y & ’ y
200 P-OIL sensor MAX
201 P-OIL sensor MIN Faulty cable (cable break), faulty sensor
. ' No turbocharger speed 1 Faulty cable (ground short), faulty sen-
Passive oil pres- 265 sor
Turbocharger speed sensor
sure sensor/ 281 Faulty cable, faulty sensor
Turbocharger MAX Faulty cable (cable break), faulty sensorn
Ox speed sensor/ POEL_MI 282 Llulz\lloocharger speed sensor Faulty cable (ground short), faulty sen-
Fan speed sensor sor
feedback 228 Faulty cable, faulty sensor
275 No fan speed Faulty cable (cable break), faulty sensor
T-CHARGE2 sensor MAX y L y
Faulty cable (short circuit), faulty sensor|
276 T-CHARGE2 sensor MIN

X: Sensor on engine
Y: Sensor on vehicle/frame
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Pin |Assignment or Atfbrevi- In, MU ID Description Cause
no. |\name ation out
200 P-OIL sensor MAX Faulty cable (cable break), faulty
L sensor
6y |Active oil pressure POELAK| 154 P-OIL sensor MIN Faulty cable (ground short), faulty
sensor supply T_P
sensor
199 P-OIL implausible Faulty sensor, cable break
211 P-CHARGE sensor MAX |Faulty cable (cable break), faulty
. sensor
Charge air pres- 212 P-CHARGE sensor MIN  |Faulty cable (ground short), faulty
sure sensor/
7% |Fan speed sensor P2_P |l : : Sensor
supply 213 P-CHARGE implausible |Faulty sensor, cable break
228 No fan speed Faulty cable (cable break), faulty
sensor
3 T-AdBlue sensor MAX Faulty cable (cable break), faulty
8 AdBlue tempera- THWL sli sensor
X |ture sensor signal - 2 T-AdBlue sensor MIN Faulty cable (ground short), faulty
sensor
OM904
237,239 Faulty actuation Faulty cable (cable break), faulty
SG, faulty unit pump
292, 294, 299 |Short circuit Valve short, faulty cable (ground
short)
OM906:
238, 239, 240 |Faulty actuation Faulty cable (cable break), faulty
SG, faulty unit pump
Unit pump bank 2 ggg, 294, 295,|Short circuit \S/:(I)vriz)short, faulty cable (ground
9 Ez)edback (B-D-F- [MVB2 |O OM501:
238, 239, 240 |Faulty actuation Faulty cable (cable break), faulty

293, 294, 295
299

OM502:

236, 238, 239,
240

291,293, 294,
295, 299

Short circuit

Faulty actuation

Short circuit

SG, faulty unit pump
Valve short, faulty cable (ground
short)

Faulty cable (cable break), faulty
SG, faulty unit pump

Valve short, faulty cable (ground
short)

X: Sensor on engine
Y: Sensor on vehicle /frame
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Pin |Assighment or

Abbrevi-|In,

. MU ID Description Cause
no. |\name ation out
200 P-OIL sensor MAX Faulty cable (cable break), faulty
sensor
201 P-OIL sensor MIN Faulty cable (ground short), faulty
sensor
Active oil pressure 199 P-OIL implausible Faulty cable (cable break), faulty
sensor/ sensor
. . 75 T-OIL sensor MAX Faulty cable (cable break), faulty
Combined oil sen-
10y|s0r/ POELAK | sensor
x> T_M 76 T-OIL sensor MIN Faulty cable (ground short), faulty
Oil level sensor/
Oil temperature . sensor
sensor/Feedback 95 Oil level sensor MIN Faulty cable (ground short), faulty
sensor
96 Oil level sensor MAX Faulty cable (cable break), faulty
sensor
97 Oil level cable break Faulty cable (cable break), faulty
sensor
49 [Proportioning 5y, g g0 Oil trap faulty Faulty cable (cable break)
valve ground
178 Short to battery voltage Faulty cable (short to battery volt-
(+cable) .
age), faulty solenoid valve
Proportioning 179 Ground short (+cable) :2&:%%355\/(5%“ short), faulty
12 |valve bank 1 (PV [PVB_P |O
248 . Faulty cable (cable break)
1...4) supply Line break, PV1
252, . Faulty cable (cable break)
Line break, PV2
227 . Faulty cable (cable break)
231 Line break, PV3 Faulty cable (cable break)
Line break, PV4 y
232 P-FUEL sensor MAX Faulty cable (cable break), faulty
Combined input sensor
P 233 P-FUEL sensor MIN Faulty cable (ground short), faulty
(fuel pressure/ac-
celerator/ sensor
13y T6 temp. sensor (T PDK_P |l 234 P-FUEL sensor impl. Faulty sensor, cable break
- 277 T-T6 sensor MAX (T-EGR |Faulty cable (cable break), faulty
EGR sensor)) sup-
| sensor) sensor
Py 278 T-T6 sensor MIN Faulty cable (ground short), faulty
sensor
1 Faulty cable (cable break), faulty
sensor
0 P-AdBlue sensor MAX Faulty cable (ground short), faulty
sensor
21 P-AdBlue sensor MIN Faulty sensor, cable break
AdBlue pressure 15 Faulty cable (cable break), fault
sensor /Air humid- P-AdBlue implausible Sensgr - ity
14, SensOr/Com- -\ bl |14 H-AIR sensor MAX Faulty cable (ground short), faulty
pressed air sensor
pressure sensor 5 H-AIR sensor MIN Faulty cable (cable break), faulty
supply sensor
4 P-COMPAIR sensor MAX |- 1 cable (ground short), fault
P-COMPAIR sensor MIN | 2% 8 > Taulty
22 P-COMPAIR implausible Faulty sensor, cable break

X: Sensor on engine
Y: Sensor on vehicle /frame
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Pin |Assignment or Atfbrevi- In, MU ID Description Cause
no. |\name ation out
15 H-AIR sensor MAX Faulty cable (cable break), faulty sen-
15 Air humidity sen-{HLUFT_ | sor
¥sor signal S 14 H-AIR sensor MIN Faulty cable (ground short), faulty
sensor
OM904
235,236 Faulty actuation Faulty cable (cable break), faulty SG,
faulty unit pump
290, 291 Short circuit Valve short
298 Faulty cable (ground short)
OM906:
235, 236, 237 |Faulty actuation Faulty cable (cable break), faulty SG,
faulty unit pump
290, 291, 292 |Short circuit Valve short
Feedback, unit 298 Faulty cable (ground short)
16 |pump bank 1 (A-|MVB1 |O |OM501:
C-E-G) 235, 236, 237 |Faulty actuation Faulty cable (cable break), faulty SG,
faulty unit pump
290, 291, 292 |Short circuit Valve short
298 Faulty cable (ground short)
OM502:
235,237, 241, |Faulty actuation Faulty cable (cable break), faulty SG,
242 faulty unit pump
290, 292, 296, |Short circuit Valve short
297
298 Faulty cable (ground short)
17y Fan speed sen- NLUE_S|I 228 No fan speed Faulty cable, faulty sensor
sor signal
Starter actua- 184 \?ct)latzzg short to battery Faulty cable (short to battery voltage)
18 |, . - ANLA |0 |185 — Faulty cable (ground short)
tion, high-side Starter short circuit
186 . . Faulty cable (cable break)
Starter interruption
169 KW signal ground short Faulty cable (ground short), faulty
KW signal timeout Sensor
167 foning sensor s
. . i
KW signal line break Faulty cable (cable break), faulty sen-
Crankshaft sen- 170
19 KW_A |l sor
sor (+) KW sensor has wrong N
. Connecting lines have wrong pole
168 pole connec’Flon . connection
166 El\N/NW assignment im- | sors (KW and/or NW) faulty, mark
’ holes wrong or dirty, malfunctioning
sensor signals
174 NW signal ground short |Faulty cable (ground short), faulty
sensor
173 NW signal timeout Faulty sensor, sensor loose, malfunc-
20 Camshaft sen- NW A tioning sensor signals
Xlsor (+) - 179 NW signal line break Faulty cable (cable break), faulty sen-
sor
171 NW sensor has wrong  |Connecting lines have wrong pole
pole connection connection

X: Sensor on engine

Y: Sensor on vehicle /frame
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Pin |Assignment or Atfbrevi- In, MU ID Description Cause
no. |\name ation out
207 T-CHARGE sensor MAX Faulty cable (cable break), faulty sen-
sor
Charge air tem- 208 T-CHARGE sensor MIN z:::lstgrcable (ground short), faulty
perature §ensor/ 211 P-CHARGE sensor MAX Faulty cable (cable break), faulty sen-
21y|Charge air pres- [T2_B |l sor
Z:Lisensorfeed' 212 P-CHARGE sensor MIN  |Faulty cable (ground short), faulty
sensor
213 P-CHARGE implausible Faulty cable (cable break), faulty sen-
sor
1 P-AdBlue sensor MAX Faulty cable (cable break), faulty sen-
sor
0 P-AdBlue sensor MIN Faulty cable (ground short), faulty
sensor
21 P-AdBlue implausible Faulty sensor, cable break
15 H-AIR sensor MAX Faulty cable (cable break), faulty sen-
sor
AdBlue pressure 14 H-AIR sensor MIN Faulty cable (ground short), faulty
sensor/Air hu- sensor
- . 17 T-AIR sensor MAX Faulty cable (cable break), faulty sen-
midity /Air tem- sor
perature sensqr/ 16 T-AIR sensor MIN Faulty cable (ground short), faulty
Compressed air sensor
22 |pressure sensor oy gy | |5 P-COMPAIR sensor MAX  |Faulty cable (cable break), faulty sen-
y/x |Combined input sor
(fuel pressure/ 4 P-COMPAIR sensor MIN Faulty cable (ground short), faulty
accelerator/
T6 temp. sensor Sensor
(T-EGR s;ensor)) 22 P-COMPAIR implausible Faulty sensor, cable break
232 P-FUEL sensor MAX Faulty cable (cable break), faulty sen-
feedback sor
233 P-FUEL sensor MIN Faulty cable (ground short), faulty
sensor
234 P-FUEL sensor impl. Faulty sensor, cable break
277 T-T6 sensor MAX (T EGR  |Faulty cable (cable break), faulty sen-
sensor) sor
278 T-T6 sensor MIN (T EGR Faulty cable (ground short), faulty
sensor) sensor
5 P-COMPAIR sensor MAX  |Faulty cable (cable break), faulty sen-
. sor
23,|Compressed air \PCOMP |, 1, P-COMPAIR sensor MIN  |Faulty cable (ground short), faulty
pressure signal |AIR_S
sensor
22 P-COMPAIR implausible Faulty sensor, cable break
265 "Fllj)r;i:;c;crhae:gserezzeseednlor Faulty cable, faulty sensor
281 MAX gersp Faulty cable (ground short), faulty
Turbocharger Turbocharger speed sensor|>or oo
24y|speed sensor NTL1_S|I 282 MIN gersp Faulty cable (cable break), faulty sen-
signal sor
283 Generator speed timeout z(a):nty cable (cable break), faulty sen-

X: Sensor on engine
Y: Sensor on vehicle/frame
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Pin |Assignment or Atfbrevi- In, MU ID Description Cause
no. |\name ation out
25 Englne service MSST_S|i ) ) S.tatus can be checked via free-run-
switch - start ning
200 P-OIL sensor MAX Faulty cable (cable break), faulty sen-
sor
Passive oil pres- 201 P-OIL sensor MIN Faulty cable (short circuit), faulty sen
sure/charge air sor
26y POEL_S|I
pressure 2 sen- 275 T-CHARGEZ2 sensor MAX  |Faulty cable (cable break), faulty sen-
sor signal sor
276 T-CHARGEZ2 sensor MIN Faulty cable (short circuit), faulty sen-
sor
Proportioning 253 (S+hcc;rgltec)> battery voltage Faulty cable (short to battery voltage)
27 |valve 5 high-side [PV5 O |254 Faulty cable (ground short), faulty so-
. Ground short (+cable) .
actuation lenoid valve
232 P-FUEL sensor MAX Faulty cable (cable break), faulty sen-
Combined input sor
P 233 P-FUEL sensor MIN Faulty cable (ground short), faulty
(fuel pressure/ sensor
28y ?Z"tee's{atzg/n cor |[POKS |1 |234 P-FUEL sensor impl. Faulty sensor, cable break
- 277 T T6 sensor MAX (T EGR  |Faulty cable (cable break), faulty sen-
(T EGR sensor))
signal sensor) sor
278 TT6 sensor MIN (T EGR sen-Faulty cable (ground short), faulty
sor) sensor
211 P-CHARGE sensor MAX Faulty cable (cable break), faulty sen-
Charge air pres- Sor
& pre 212 P-CHARGE sensor MIN Faulty cable (ground short), faulty
29y|sure sensor sig- [P2_S |l sensor
nal 213 P-CHARGE implausible Faulty cable (cable break), faulty sen-
sor
30 Engme service MSS_P || ) ) Sjtatus can be checked via free-run-
switch supply ning
1 P-AdBlue sensor MAX Faulty cable (cable break), faulty sen-
AdBlue pressure Sor
31y P PHWL_S|| 0 P-AdBlue sensor MIN Faulty cable (ground short), faulty
sensor signal
sensor
21 P-AdBlue implausible Faulty sensor, cable break
200 P-OIL sensor MAX Faulty cable (cable break), faulty sen-
Active oil pres- sor
Pres™ 1 poELAK 201 P-OIL sensor MIN Faulty cable (ground short), faulty
32y|sure sensor sig- I
nal T_S sensor
199 P-OIL implausible Faulty cable (cable break), faulty sen-
sor
95 Oil level sensor MIN Faulty cable (ground short), faulty
sensor
33, Q|I level sensor HOEL_ S| 96 Oil level sensor MAX Faulty cable (cable break), faulty sen-
input sor
97 Oil level cable break Faulty cable (cable break), faulty sen-

sor

X: Sensor on engine

Y: Sensor on vehicle/frame
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Pin |Assignment or Atfbrevi- In, MU ID Description Cause
no. |name ation out
175 T-ENG sensor MAX Faulty cable (cable break), faulty
Coolant temp. sensor
34x sensor signal TMOT_A/ 176 T-ENG sensor MIN Faulty cable (ground short), faulty
sensor
35 Englne service MSSP._S|| . SFatus can be checked via free-run-
switch stop ning
205 T-FUEL sensor MAX Faulty cable (cable break), faulty
36 Fueltemperature| TFUEL_ | sensor
X|sensor signal A 206 T-FUEL sensor MIN Faulty cable (ground short), faulty
sensor
oMS02 A Faulty cable (ground short)
. 295 Short circuit
Unit pump sole- 240 Faultv actuation Faulty cable (cable break)
37 |noidvalve H  |[MVH |0 y Faulty unit pump, faulty SG
fpankc2) 220 No impact E:E::y ggglst(?w%rtfatgl;yatstir volt-
301 Short circuit y y
age)
OR501,502: L Faulty cable (ground short)
. 295, 293 Short circuit
Unit pump sole- 240. 238 Faultv actuation Faulty cable (cable break), faulty
38 |noid valve F MVF 0] ’ y unit pump, faulty SG
e 220,218 |No impact Fauly oable (ohor t battry vol
301 Short circuit y y
age)
75 T-OIL sensor MAX Faulty cable (cable break), faulty
39 Oil temperature TOIL A |1 sensor
X|sensor signal - 76 T-OIL sensor MIN Faulty cable (ground short), faulty
sensor
223 Ground short, PV6 Faulty cable (ground short), faulty
- . solenoid valve
Proportioning Line break, PV6
40 |valve 6 low-side |PV6 0 224 FauIFy cable (cable break), faulty so
actuation Short to battery voltage lenoid valve
249 y 8 Faulty cable (short to battery volt-
PVé ;
age), faulty solenoid valve
225 Ground short, PV3 Faulty cable (ground short), faulty
solenoid valve
Proportioning Short to battery voltage, )
41 |valve 3 low-side |PV3 0 226 PV3 Faulty cable (short‘ to battery volt
actuation age), faulty solenoid valve
227 Faulty cable (cable break), faulty so-

Line break, PV3

lenoid valve

X: Sensor on engine
Y: Sensor on vehicle /frame
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Pin |Assignment or Atfbrevi- In, MU ID Description Cause
no. |\name ation out
59 Short to battery voltage Faulty cable (short to battery volt-
51 (+cable) age)
Ground short (+cable) Faulty cable (ground short), faulty
294 solenoid valve
Line break, PV6 Faulty cable (cable break), faulty so-
Proportioning 16 lenoid valve
49 valve bank 2 e P lo Line break, PV7 Faulty cable (cable break), faulty so-
, - enoid valve
(PV2,, PV6...8) 49 lenoid val
supply Line break, PV8 Faulty cable (cable break), faulty so-
44 lenoid valve
PV8 component faulty, rele{Cable break, faulty solenoid valve
250 vant for emissions
1 Ground short, PV2 Faulty cable (PV2 cable break),
faulty solenoid valve
229 Ground short, PV4 Faulty cable (ground short), faulty
_ solenoid valve
43 Carﬁvzozftllzr\:\fsgide PV4 0 230 ﬁ\h/zrt to battery voltage, Faulty cable (short to battery volt-
actuation age), faulty solenoid valve
231 Line break. PV4 Faulty cable (cable break), faulty so-
’ lenoid valve
OM904/ 906/
501/502:
293,295, 294,|Short circuit Faulty cable (ground short),
Unit pump sole- 291’ ’ ’ faulty cable (cable break), faulty
44 |noidvalve D |MVD |0 |238,240,239,|Faulty actuation unit pump, faulty SG
bank 2 236 .
( ) 218, 220,219, |No impact Faulty unit pump, faulty SG
216
- Faulty cable (short to battery volt-
301 Short circuit age)
OM904/ 906/
501/502:
292,294, 293,|Short circuit Faulty cable (ground short)
Unit pump sole- 291
45 |noidvalve B |MVB |0 |237,239, 238,|Faulty actuation Faulty cable (cable break), faulty
(bank 2) 236 unit pump, faulty SG
217,219,218, |No impact Faulty unit pump, faulty SG
216
- Faulty cable (short to battery volt-
301 Short circuit age)
8%502: Short circuit Faulty cable (ground short)
Unit pump sole- 937 Faultv actuation Faulty cable (cable break), faulty
46 |noid valve G MVG 0] y unit pump, faulty SG
(bank 1) . Faulty unit pump, faulty SG
5(1)3 gﬁé:ﬁ?&it Faulty cable (short to battery volt-

age)
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OM906/501/
X: Sgnsor on engine 502:
Y: Seidnitopuaniisgtem 291, 292, 297 |Short circuit Faulty cable (ground short)

47 |noidvalve E  |MVE [0 |236, 237, 242 Faulty actuation Faulty cable (cable break), faulty
(bank 1) unit pump, faulty SG

216, 217, 222 |No impact E:E::y ggglstzgz,rfizltayaftir volt-
300 Short circuit age) y y

[©)
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Pin |Assignment or Atfbrevi- In, MU ID Description Cause
no. |name ation out
207 T-CHARGE sensor MAX Faulty cable (cable break), faulty
48 Charge air temp. 2 A | sensor
X|sensor signal - 208 T-CHARGE sensor MIN Faulty cable (ground short), faulty
sensor
45 Ground short, PV7 Faulty cable (ground short), faulty
solenoid valve
Proportioning Short to battery voltage,
49 |valve 7 low-side |PV7 0 47 P\/7 Faulty cable (short‘ to battery volt-
actuation age), faulty solenoid valve
46 Line break, PV7 Fauljcy cable (cable break), faulty so-
lenoid valve
250 Ground short, PV2 Faulty cable (ground short), faulty
- solenoid valve
Proportioning Short to battery voltage, )
50 |valve 2 low-side |PV?2 0 251 V2 Faulty cable (short. to battery volt
actuation age), faulty solenoid valve
252 Line break, PV2 FauIFy cable (cable break), faulty so
lenoid valve
146 Ground short, PV1 Faulty cable (ground short), faulty
solenoid valve
Proportioning Short to battery voltage,
51 lvalve 1 low-side |PV1 0 147 PV 1 Faulty cable (short‘to battery volt-
actuation age), faulty solenoid valve
148 Line break, PV1 Fauljcy cable (cable break), faulty so-
lenoid valve
48 Ground short, PV8 Faulty cable (ground short), faulty
solenoid valve
50 Short to battery voltage, |Faulty cable (short to battery volt-
Proportioning PV8 age), faulty solenoid valve
52 |valve 8 low-side [PV8 0 49 Faulty cable (cable break), faulty so-
actuation Line break, PV8 lenoid valve
44 Ground short, short to battery volt-
PV8 component faulty, rele-{age, cable break, faulty solenoid
vant for emissions valve
OM904/ 906/
501/502:
291,292, 291, Short circuit Faulty cable (ground short)
Unit pump sole- 296
53 [noidvalve C  [MVC |0 [236,237, 236, |Faulty actuation Faulty cable (cable break), faulty
unit pump, faulty SG
(bank 1) 241 Faulty unit pump, faulty SG
216,217,216,|No impact y unit pump, faulty
221
300 Short circuit Faulty cable (short to battery volt-

age)
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OM904/ 906/

1: Only with EGR (Wahler valve) at PV2 501/502:

2: Only with EGR not at PV 290, 290, 290,|Short circuit Faulty cable (ground short)

X: Sqtdnitopengmnsole- 290

6 dsdmoicbuabrack/framdMVA |0 | 235, 235, 235, |Faulty actuation Faulty cable (cable break), faulty

unit pump, faulty SG
(bank 1) 235 Faulty unit pump, faulty SG

215,215, 215,|No impact y unit pump, Tauity
215
300 Short circuit EZ:;ty cable (short to battery volt-
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MR2B: 16-pin multiple plug (vehicle connector)

Pin Assignment or name Alcfbrew- In, MU ID |Description Cause
no. ation out
Faulty cable (cable break)
CAN interface, low speed 257 . Faulty cable (ground short)
1 (high line) CAN-H 1170 259 CAN-HIGH line faulty Faulty cable (short to battery volt-
age)
CAN interface, low speed 257
2 (low line) CAN-L 11701558
3 CAN-HF ground, low HE-GND ) } }
speed
4 CAN-HF ground, low HE-GND ) . .
speed
5 Battery voltage (battery KL30 | 110 |Overvoltage Generator or battery faulty
positive, battery voltage) 111 |Undervoltage Generator or battery faulty
6 Battery voltage (battery KL30 || 110 |Overvoltage Generator or battery faulty
positive, battery voltage) 111 |Undervoltage Generator or battery faulty
Faulty cable (cable break)
7 CAN interface, high 10 |54 CAN high speed, no com- |Faulty cable (ground short)
speed (high line) munication Faulty cable (short to battery volt-
age)
210 |Terminal 50 inconsistent |Faulty cable (cable break)
8 |Start actuation signal KL50 |l 261 |No transponder code re- |Faulty cable (cable break), faulty
ceived via terminal 50 transponder electronics
9 |Ground (battery negative) KL31 - - -
Faulty cable (cable break)
10 CAN interface, high 10 CAN high speed, no com- |Faulty cable (ground short)
speed (low line) munication Faulty cable (short to battery volt-
age)
11 |Ground (battery negative) KL3 1 - - -
Starter short to battery volt{Faulty cable (short to battery volt-
. . 184
12 S.tarter actuation, high- ANLA |0 l185 age o age)
side 186 Starter short circuit Faulty cable (ground short)
Starter interruption Faulty cable (cable break)
13 |Diagnostics K-line (ISO) [DIAG-K - - -
14 CAN-HF ground, high HE-GND ) ) )
speed
15 E?att.e'ry voltage, switched KLi5 I 209  |Terminal 15 inconsistent Faulty cable (cable break), faulty
(ignition) fuse
16 CAN-HF ground, high HF-GND ) ) )

speed
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OBD system

Monitored components/systems and fault codes
For the fault codes of the monitored components, please see the tables on Page 128 and Page 138.

Storing the fault codes

A provisional fault code is stored the first time that an emissions-related fault occurs. The fault code is normally out-
put via ISO 15031 MODE $03 if the provisional fault has been confirmed for x successive drive cycles.

The fault code is automatically deleted if the fault does not occur for at least 40 "warm-up cycles" or 200 operating
hours.

Cumulative fault memory

Faults that cannot be deleted in accordance with §3.9.2 2006 /51/EC are grouped together in a cumulative fault. A
cumulative fault consists of an MI time counter and fault code details. At present, a distinction is made between 8
cumulative faults, according to the cause of the fault.

If an individual fault that is assigned to a specific cumulative fault is confirmed, the corresponding fault code details
are activated and, if the Ml is flashing, the MI time counter (which can be read out with Star Diagnosis) is incremented
for as long as the underlying fault is active. However, the corresponding P code is only output if the associated Ml
time counter is not equal to zero. The cumulative fault memory cannot be deleted with a service tool. If the Ml time
counter of a cumulative fault has reached the threshold of 9600 hours, it is removed from the cumulative fault mem-
ory.

:::): loca- Meaning MI time counter Fault code
1 Empty AdBlue tank Hours/minutes P1950
2 AdBlue metering interruption Hours/minutes P1951
3 Insufficient urea quality Hours/minutes P1952
4 AdBlue reduced consumption Hours/minutes P1953
5 High NOx emissions, cause unknown Hours/minutes P1956
6 Fault in emissions monitoring system Hours/minutes P1957
7 Spare (free) Hours/minutes Pxxxx
8 Spare (free) Hours/minutes Pxxxx

Freeze frame data

When a component or system malfunctions for the first time, the engine operating conditions prevailing at the time
the fault occurred ("freeze frame" data) are stored in the engine control unit. Only one "freeze frame" data set is
stored.

* Coolant temperature

» Charge air pressure

* Vehicle speed

* Engine speed

* Engine torque

* OBD fault code that resulted in the freeze frame being stored.
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Readiness status

The readiness status (readiness code) indicates whether a diagnosis result is available for all individual systems since
the last time the fault memory was deleted. The readiness status is supported for the following groups of compo-
nents/systems:

* Fuel system monitoring
* Comprehensive components monitoring
 Catalyst monitoring

Tester communication
The "tester communication" is implemented in accordance with ISO 15765/1SO 15031.

Malfunction indicator (MI)
The purpose of the malfunction indicator (MI) is to display malfunctions in emissions-related systems.

Condition and properties of the Ml

When activated, the MI symbol in the vehicle display corresponds to symbol FO1 of ISO standard 2575.

MI activation
The malfunction indicator lights up if:
* an emissions-related fault that results in the OBD limits being exceeded has occurred for x successive drive cycles,

* a "major functional failure" of the exhaust gas aftertreatment system has been detected for x successive drive cy-
cles,

* the system is not able to execute OBD routines,
* if there is no reagent in the deNOx exhaust aftertreatment system (flashes in warning mode),
* the ignition key is in position Il (key-on/bulb check function before engine start).

MI deactivation

The malfunction indicator goes out if the fault that caused its activation does not occur for x-1 complete drive cycles
in succession.

If the MI has been activated because there is no reducing agent for the deNOx system, the M| will be switched back
to its previous status after the reducing agent tank has been filled.

Warning mode
In the case of faults that result in an increase in NOx emissions, the driver is warned by a display (warning mode),
depending on the severity of the fault.

The warning mode lights up if an emissions-related fault that will lead to the NOx limits being exceeded occurs for x
successive drive cycles.

If an emissions-related fault causing NOx limits to be exceeded is no longer active, warning mode is deactivated pro-
vided the torque limiter is also inactive. Any further actuation of the lamp depends on how relevant the faults stored
in the fault memory are to OBD.
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Torque limiter

In the case of faults that lead to an increase in NOx emissions, a torque limiting function is implemented, in accor-
dance with the severity of the fault, to encourage the driver to have the fault repaired as soon as possible. The degree
of torque limiting depends on the vehicle type (permissible gross weight).

OBD component monitoring

The following table presents an overview of the components to be monitored and the associated fault detection rou-

tines.

Component/system

Short circuit
to ground

Short cir-
cuit to bat-
tery voltage

Line
break

Plausi-
bility

Exhaust gas aftertreatment
Temperature sensor in front of SCR catalyst X X X
Temperature sensor after SCR catalyst X X
Plausibility check of catalyst temperature sensors X
Detection of presence of a catalyst X
AdBlue tank fill level sensor

Monitoring of AdBlue tank fill level

Temperature sensor in AdBlue tank

AdBlue temperature sensor in metering unit

Intake air temperature sensor

Intake air humidity sensor

Ambient air temperature sensor

AdBlue pressure sensor

Compressed air pressure sensor

Valve for engine coolant (tank heater)

SCR line heater

AdBlue valve

Compressed air supply

Compressed air supply with an air control valve

Compressed air supply for de-energized post-injection with air control
valve and air shut-off valve

AdBlue pump X X X
AdBlue pressure system monitoring (pressure too low/pump current too
high)

Air system monitoring

* Compressed air pressure too high

>

>
>

x| X| X| X

XX X| X| X[ X| X[ X| X| X
XX X| X[ X[ X[ X| X| X[ X| X| X

x| X[ X]| X| X

* Compressed air pressure too low X
Air supply malfunction
Air path clogged

NOx sensor X X X X

NOx emissions X

SCR system, general
» Diagnosis service routine "AGN switched off, Mannheim function"

* Diagnosis service routine "AGN switched off, Worth function”

* SCR system general - parameterization fault

SCR frame module X X X
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Component/system

Short circuit
to ground

Short cir-
cuit to bat-
tery voltage

Line
break

Plausi-
bility

SCRT exhaust gas aftertreatment system

Temperature sensor in front of DOC catalyst

X

Temperature sensor after DOC catalyst

X

Plausibility check of SCRT temperature sensors, pair A

Plausibility check of SCRT temperature sensors, pair B

Detection of the presence of an SCR-T system

Detection of the presence of a diesel particulate filter

x| X[ x| X

Throttle flap direction signal

Throttle flap PWM signal

>

pad

>

Throttle flap position sensor

Throttle flap
» Control deviation too high

¢ Reference search routine not successful

PLD injection system

Solenoid valve

Other systems and components (sensor system)

Charge air pressure sensor

Atmospheric pressure sensor

Charge air temperature sensor

Crank angle position sensor

Camshaft position sensor

Coolant temperature sensor

Fuel temperature sensor

x| X[ X| X| X| X| X

X[ X X[ X| X| X| X

x| X[ X| X| X| X| X

Other systems and components

MI (Malfunction Indicator)

ECU (internal fault)

CAN data sector monitoring (low-speed)

CAN data sector monitoring (high-speed)

Data set tampered with

Error reading out EEPROM

Error writing to EEPROM

X| X[ X[ X| X

Proportioning valve bank 2

CAN (Controller Area Network)

High speed CAN - no communication

Low speed CAN - no communication (engine CAN)

>

Low speed CAN - data implausible (engine CAN)
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