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Introduction

This Self-Study Program (SSP) describes the design and function of the 3.0 liter Clean Diesel TDI Engine and
exhaust gas aftertreatment system.

When you have completed this SSR, you will know the following:

e Design and function of the 3.0 liter TDI engine

e The limits established by the emission standards for diesel engines in various countries throughout the world
e \Which components are used in the exhaust gas aftertreatment system

e The location and function of these components AG. VO'kSWagenAG

Ogq
e The influence of combustion chamb%uﬁ"éssure S%’Qo
Q-
¢ The reason for heating the tankce‘@ments of the reducing agent at low am‘f%gt temperatures
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Introduction
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Volkswagen Introduc@gs‘“%he Cleanest DieseITechnS@tchy World
Wide into Standard Production “,
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The systematic evolution of th&é TDI resulted with the development of the world's cleanest dieséls. The core

(®)
components of this current EDI combustion system development include:
o

\

hoy,

* The fuel injection system
— 29,000 psi (2000 bfr) maximum injection pressure
e Comprehensively impr_éved exhaust gas recirculation system
e Optimized turbochargir‘éfg
e [ntegrated cylinder pre%ure control system

e((j\a

2,
Z
)
>,
%
ko)
@
o,
%
o
0,
>
(v}
Q
o
o)
S
(0]
o
o}
=}
[0
[72])
[/}
(o]
Q
s
S
3
Q
>

<
. . 2 . . y X .
As a first step, improvements;to these systems help to significantly reduce the engine’s untreatgﬁ emissions.
In the second step, an active gx@aust gas aftertreatment system reduces the nitrogen oxides gmissions to
.. .. 7, . . . .
a minimum. Thus, by combining &ngine modifications with a new exhaust gas after—treatme@@%ystem, the
. . O, - . .- .. . 3
Clean Diesel system makes it pOSST@J//? to efficiently minimize emissions while at the sam\gb\%me reducing fuel
consumption. %y | -
Azﬁb

(05)
The objective is the further development ofTDI?%?ﬂm;%%gy to achi
well as below the most stringent Tier 2 BIN5/ULEV Il limits, and to bg ready for world-wide use.
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Introduction

Emission Standards

The guidelines specify the following emission limits for gasoline and diesel engines:

e Diesel engine particles

e Unburned hydrocarbons (HC)
e QOxides of nitrogen* (NOx)

e Carbon monoxide (CO)

Emission Limits
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The term “BIN" comes from theofélct that the e‘%gust gases are collected and analyzed in bags during the
exhaust tests. Depending on the specified emission standard, calculations go from BIN10 down to BINS.

SULEV = é@ger Ultra Low Emission Vehg



Engine Mechanical

Engine-Related Measures

The 3.0 liter V6-TDI was based on and deyveloped from
the EU5 (European) engine. It is a modular extension
of an existing engine with the following changes:

e An optimized two-stage chdin drive that lowers the
chain forces and thus redtices the frictional losses.

e An oil pump with flow rate-control and two
pressure stages to reduce drive output required for
lubrication

High exhaust gas recireulation cooling performance
is achieved by using a newsEGR system with
aluminum module technologyz- This measure also
reduces the pressure loss in th&-exhaust gas
recirculation path, which has a positive effect on the
charge cycle and on fuel consumption.

The injector system with a maximum njection
pressure of 29,000 psi (2000 bar), optimized
turbocharging, as well as a charge-air path with

an integrated charge-air cooler bypass permits
the optimized temperature management of the air
path. The combustion chamber pressufe sensor
for cylinder pressure-based combustion is a new
feature.




Power Curves

Engine Mechanical
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Specifications
Engine Code Letters CATA
Design 6-cylinder V Engine
Displacement cu in (cm3) 181 (2967)

Output HP (kW)

225 (165) @.83500 — 4000 rpm

Torque b fANmM)

406 (5500h@ 1750 — 2250 rpm

Valves per Cylinder

>4

4

Bore in (mm) 3.27 (83)

Stroke in (mm) 3.6 (91.4)
Compression Ratio 16.8 : 1

Firing Order 1-4-3-6-2-5

Engine Management Bosch EDC 17 CP 24
Fuel Ultra-low sulfur diesel

Exhaust Standard

ULEV 1I/BINS




Engine Mechanical

Mechanics

Crankcase

The engine block is made of GGV-40 (vermicular
graphite cast iron) with a cylinder gap of 90 mm.

The cylinder bores undergo UV-photon honing
for friction optimization and to minimize initial oil
consumption.

\ UV photon honing involves using a laser beam

to smooth the cylinder bores following honing.

325_005

O The laser beam, which is applied at high force,
melts down the remaining metal nibs in the

Crankshaft one-billionth range. A smooth cylinder bore is
achieved immediately in this way rather than
The crankshaft is forged from temper-hardened steel through the break-in process.

and is supported by 4 main bearings.

The upper end of the cannecting rods are a
trapezoidal design. The lower end of the connecting
rods are cracked tofensure a precision fit and reduce
movement of thetbearing cap under load.

The upper and fower bearing shells are not identical
in composition: The upper bearing shell is a two-
component camposite while the lower shell is a

three-compongnt composite bearing. 325030

Pistons

Cast pistons with<a centrally arranged piston trough
! are used. They~are cooled by injected engine oil via a
ring chanfel. The pistons do not have valve pockets.

3252032



Balance Shaft

The balance shaft is located in the inner V of the
engine block. The shaft goes through the engine and
the balancing weights are secured at the ends.

Driven by chain drive D, the balancer shaft turns at
crankshaft speed opposite the direction of engine
rotation.

oW ag®n

\'\99’&0\l
0

325_010

Top Section of Oil Pan

The division between the crankcase and the oil pan is
at the middle of the crankshaft.

The two-section oil pan is made up of an aluminum
pressure-cast top section and a bottom section made
of steel plate.

AG. VolkswagenAG a
o

Engine Mechanical

325_076

Retaining Frame

A retaining frame made of GGG 60 %pheroidal
graphite cast iron) supports the crar%shaft and
serves to reinforce the crankcase. =
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Engine Mechanical

Cylinder Head

The acoustics of the unit benefits from the use of
the roller-type cam followers. These, together with
the tensioned and play-compensated camshaft drive
gears, reduce the mechanical noise of the valve train.

Four valves per cylinder ensure optimum charging
of the combustion chamber. In the V6 TDI, the
valves are actuated by rollertype cam followers with
hydraulic valve clearance compensation.

Cylinder Head Cover
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%Camshafts

3

%he camshafts are manufactured from precision steel
ﬁ)%bing using the IHU method.*

>
>

Theoegxhaust camshafts are driven by the intake

cams?@fts by straight-toothed spur gears.
£

2

* |HU - Int%g) High-pressure recasting:J

Cylinder Head
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Engine Mechanical

Tooth Profile Clearance
Compensation

The spur gear of the exhaust camshaft (driven spur
gear) comes in two parts. The wide spur gear is held
on the camshaft through spring actuation and has
three ramps at the front.

The narrow spur gear has the corresponding grooves
and is capable of both radial and axial movement.
This is done to eliminate backlash between the
gears.

Spur Gears

Belleville Spring
Washer

326_038

325_039

e &gefmed axial force is produced via a Belleville
d"“\l QWY sprlng %a@her where the axial movement is

«° converted at ﬁ‘v@,same time into a rotary movement

with the help of th@gamps This offsets the teeth

of the two driven spuré’@ears which in turn affects

tooth clearance compené’egon

Note: @S‘
Please refer to th@"current service literature

for assembly |Qs?ruct|ons
N

@
)
3
<
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Clearance Compensation

S
%
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>
Installation Position 3.
®
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Engine Mechanical

Chain Drive Valve Train Assembly

The chain drive has been designed to minimize the Chain Drive D is modified in the balance shaft area
loss to inner friction. Chain Drive B on the camshaft making it possible to enlarge the engagement of the
drive of Cylinder Bank 1 has been reshaped to chain on the gear wheel. Chain Drive D drives the
increase the contact ratio of the camshaft gear that balance shaft at crankshaft speed against the normal
is now larger. At the same time, the gear ratio of the rotation of the engine.

drive is modified making it possible to reduce the

effort required for operation. wage” AG-VO'kSWagenAGdo@
0\\(\ 8/701(

New Camshaft Drive B

New Chain Drive D

© T COTUUDIIUY Tt T

Balance Shaft

Crankshaft

Oil Pump Drive

Gold Chain = Old Chain Drive from previous EU5 Engine 428004
Silver Chain = Current Chain Drive

10



SN\

Flow Rate-Controlled Oil Pump

The use of a flow rate-control system reducgos the
f~

required drive output of the oil pump. S

a

A vane pump is used in the new 3.0 IiterVéTDI
engine; its delivery characteristics can be c@anged
via a pivoted adjustment ring. This adjustmeént ring
can be loaded with oil pressure via Control %}Jrfaces
1 and 2 and swiveled against the force of thé’éontrol
spring. The ECM connects ground to the ener@ézed
Oil Pressure Regulation Valve N428 in the Iowerﬁo}
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Engine Mechanical
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Both oil flows are now acting with identical pressure
upon both control surfaces.

The forces resulting from this are higher than those
of the control spring and they cause the adjustment

ring to swivel counterclockwise.

The adjustment ring turns into the center of the
vane pump and reduces the supply space between
the vanes. The lower pressure level is switched
depending on the engine load, engine speed, oiIQ}(@oQ

. )
RPM range, and the solenoid valve opens the oil 7%
duct leading to the second control surface of the ”/%2/ temperature, and other operating parameters, 9
. . 7 . . . N
adjustment ring. /f%o reducing the drive outp the oil pump. @00
2 W
9@,/40/004 N 0\\\)%)\
o
96‘2"'\9\\

Oil Pressure Regulation
Valve N428

Applied Oil Pressure
from the Crankshaft
Oil Duct

QDSJQ 9 lo,ld

Qil Pressure Switch

Crankshaft Qil Duct

Low Delivery Rate

Control Surface 1

Adjustment Ring

Vanes

Control Surface 2 428_006

Control Spring

1"



Engine Mechanical

High Delivery Rate

Starting at an engine speed of 2500 RPM or a torque
of 300 Nm (wide open throttle acceleration), Engine

Control Module J623 disconnects Oil Pressure 0&@%

Regulation Valve N428 from the ground Cormectl@ifab

thus closing the oil duct to Control Surface 2. \Qq}@
¢°
The applied oil pressure is now acting on C%‘rtrol
Surface 1 only and acts with a lower press@e against

the force of the control spring.

De-energized Solenoid

(elpurPOSes. NP2t orip

™
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aq%’é control spring swivels the adjus{’f‘ﬁ@nt ring

\i\‘\ clockwise around the mounting flange. Th@o,.

adjustment ring now swivels out of the centeF’@
position and increases the delivery space betwe%ja
the individual vanes. %,

%
2,
More oil is delivered by increasing the spaces %
between the vanes. A resistance builds up against ‘?g
the higher oil volume flow due to the oil bores and g
5 . =3
the bearing clearance of the crankshaft, which lets @
. . . . . o
the oil pressure increase. This makes it possible to 3
implement a flow rate controlled oil pump with two 3
pressure stages. é'”
53
9
3
2
S
N
}

Oil Pressure Curve @ 212°F (100°C)
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750 1000 1500 2000 2500 3000 3500 4000 4500 4750
Oil Pressure PSI (bar) 428,009
—— Solenoid Valve Closed
Solenoid Valve Open (current applied)
Control Surface 1 Adjustment Ring at
Maximum Delivery
Mounting Flange
Delivery
Chamber
Control
Surface 2
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Air Intake

Q§$§
Butterfly valves that can be regulated sraé?oothly are
integrated into the intake tract. These\@gan be used
to adapt the air movement acoordmﬁto the current
engine speed and load with regard to emissions
consumption and torque/power {5

s

Exhaust Gas Recirculation Flow

Intake Pipe

Butterfly
Valves

Exhaust Gas Recirculation:

This involves high-pressure exhaust gas recirculation.

The entry of exhaust gasses into the intake tract
counters the intake air flow, resulting in a constant
mixture of fresh air and exhaust gas.

Note:

The throttle and butterfly valves are opened in

coasting mode to check the air flow sensor and
balance the oxygen sensor.

O ox®

Intake Manifold with Butterfly \[aéﬁles

Electric Butterfly
Valve Adjuster

Engine Mechanical
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The butterfly valve adjuster W|th p‘@;en‘uometer

reports the current position of the buﬁerﬂy valve
back to the ECM.
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Exhaust Gas Recirculation Unit
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Throttle Position Adjuster:

The throttle is closed in order to stop the engine. This

reduces the compression effect and achieves softer
engine coasting.

In addition, the exhaust gas recirculation rate can be
increased through targeted, map-controlled closure

13



Engine Mechanical

Butterfly Valve Open

Butterfly Valve Closed

a3

Tangential Pipe

Swirl Duct

} 325_047 l 325_048

2

2 g
To optimize'?%)he torque and combustion, a closed To optimize performance 3 and combustion, an open
swirl duct in&eases the swirl at low loads. swirl duct allows a h|%ﬂ level of cylinder charging at

% high loads. §

When the engm’e7|s started, the butterfly valves are °§
open and are only egosed again at idle speed (duty The butterfly vay'és are always completely open at a
cycle: approxmately 8@00 speed of app)rﬁxmately 2,750 RPM or higher.

. &
"‘/5 oY
Continuous opening is perfor@begl from idle speed tdy Th@yb&)fterﬂy valve is also open both at idle speed
approximately 2,750 RPM (duty cyc?é’ee:mproxmately oyt and during coasting.
20%).

Note:
A replacement adjuster must be adapted with the Scan Tool to synchronize it

with the butterfly valves.

14



Exhaust Gas Recirculation (EGR)

The EGR system combines the EGR coolers, EGR
valve, and EGR bypass in a single component.

Due to the higher exhaust temperatures in the
upper partial load range, increased EGR cooling
performance becomes necessary.

The exhaust gas recirculation path consists of the
following: micro-catalytic converter, additional cooler,
and cooler for exhaust gas recirculation temperature
sensor, and electric watercooled exhaust gas
recirculation valve.

A separate cooling channel is integrated into the
housing on the valve side to cool down the bypass
flap and the EGR valve.

To prevent deposits in the EGR path, especially
during operation with low-quality fuels with high
aromatic hydrocarbon contents, a metal micro-
oxidation catalytic converter is located at the
beginning of the EGR path.

Engine Mechanical

To obtain the lowest possible temperatures for the
recirculated exhaust, the exhaust gas recirculation
cooler is connected to a separate low temperature
coolant circuit (described on the following pages). The
coolant is extracted directly at the radiator outlet and
delivered to the exhaust gas recirculation cooler by
an electric pump. The additional cooler is connected
to the engine cooling circuit and makes it possible to
nearly double the cooling performance.

Both the EGR Cooler and the additional EGR Cooler
connected in series have bypass flaps. This allows
the demand controlled adjustment of the EGR
cooling performance at specific load points. To reduce
the carbon monoxide and hydrocarbon emissions,
the flaps are set to bypass position (the exhaust gas
does not go through either cooler) during the engine
warm-up phase.

Exhaust Gas Recirculation (EGR)

Motor V338

Throttle Valve

EGR Temperature
Sensor G98

Bypass Flap

Additional Exhaust Gas
Recirculation Cooler
Connected in Series

Exhaust Gas
Recirculation Cooler

Metal Micro-Oxidation
Catalytic Converter

Bypass Flap

2

15
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Engine Mechanical
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¢ 3
Switchable Exhaust Gas Flow Through Exhaust Gas
Recirculation Actuator Recirculation Coolér Additional
S EGR Cooler Bypas§ed
The cooling pégformance of the exhaust gas
recirculation 06’@|er leads to a clear reduction in When the engine is in pargfal load operation, the
particle and nitr%en emissions. The diagrams below bypass of the additional g%R cooler is open (exhaust
and on the next p@ge show the efficiency of the gas does not flow thro@h it). The bypass of the EGR
exhaust remrculatldt)ysystem in two selected partial cooler is closed and g}?haust gas is directed through
load points. %, the cooler. S
%, 4
%_;M The bypasggfﬁf‘ép for the EGR cooler is opened at
%01, b, appgqqom%ately 1750 RPM. It is controlled by the ECM,
014 o9 Bsed on mapped values.
Bypass Flap
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NOx (g/h)

=sssssnnnn Earlier EU4 Standard == == == EGR with Cooler EU6/Bin 5
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Engine Mechanical

Flow Through Additional EGR
Cooler - Flow Through EGR Cooler

The additional cooler is opened with increasing

load and resulting higher exhaust temperatures;

thus both EGR coolers are in cooling mode. This
allows an increase of the EGR rate. The exhaust gas
temperatures are lower and nitrogen oxide emissions

are further reduced.

Exhaust Gas
Recirculation Cooler

oY
o‘\%ed
\g\‘(\
2
%%
N
S
$
Q
&
N
L}
.
-
'{. Bypass Flap
X The bypass flap for the
\ 3 additional EGR cooler is
. - opened at approximately
g 2200 RPM. It is controlled
& by the ECM, based on
g mapped values.
§
5 428_048
(’)Q':
° 4
0 s o R 15 200 250 Additional EGR Cooler
® NOx (g/h) QG?‘
Z Q)
==ms=mss=s Earlier EU4$}/andard == == == EGR with Cooler EU6 &K{)
fo) %)
EGR/Cooler and Additional EGR ¥
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Engine Mechanical

Cooling System
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msssss Heated Coolant m===== Cooled Coolant
1. Engine Coolant Temperature (ECT) Sensor G62 15. Fuel Cooler Pump V166
2. Bleeder Screw 16. Chek Valve
3. Additional Exhaust Gas Recirculation“Cooler 17. Radfator
4. Exhaust Gas Recirculation Cooler 18. Engisze Coolant Temperature (ECT) Sensor (on
5. Change-Over Flap For Exhaust Gas Recirculation Ra or) G83
6. Heater Core 19. Bleeder Serew

7. From The Heater Core

8.ToThe Heater Core

9. Cylinder Head Bank 2 (Left)

10. Fuel Cooler (Fuel/Water)

11. Bleeder Screw

12. Coolant Regulator For Exhaust Gas Recirculation
13. Water Pump

14. Cooler For Fuel Cooling (Water/Air)

18

20. Coolant Regulator For Exhaust Gas Recirculation
21. Coolant Thermostat

22. Exhaust Gas Recirculation (EGR) Cooler Pump V400
23. Alternator

24. Engine Qil Cooler

25. Cylinder Head Bank 1 (right)

26. Coolant Expansion Tank

27. Cap For Coolant Expansion Tank



Engine Mechanical

Exhaust Gas Recirculation

Cooling
The exhatst gas recirculation radiator has its own Exhaust Gas Recirculatian Cooler Pump V400
low-temperature cycle in the cooling system. activates after engine start and supplies the
EGR with cold water directly from the radiator.
The coolant regulator for the EGR controls the
Exhaust Gas temperature in the EGR at a constant 131F (55C)
Exhaust Gas Recirculation 4o nendently from the outside temperature.
FEeé:g;:télg(t)llc:: | Cooler
Pump V400 & ,’; The additional EGR cooler is connected in series

‘-—_—(_‘ ; to the main cooler. This additional EGR cooler is
i integrated into the engine cooling system circuit
which is controlled at a temperature of 188F (87C).

Additional Exhaust Gas

=
?/ Recirculation Cooler Connected in

Thermostat for gy 4y Series
Engine Circuit Exhaust Gas Recirculation
Thermostat for Thermostat (Opens when Cooler
EGR Circuit Output Temperature Exceeds 158F /. | <@l From Engine Cooling Circuit
(70C))
. / === To Heater Core 125,065

Fuel Cooling

Coolant Supply from Expansion Tank

Fuel Return Line
from Injector

SVSten1 ‘-__-‘~‘-‘-§‘

Cooler for Fuel Cooling
(Water/Air)

Fuel Cooler
(Fuel to Water) Fuel Cooler Pump V166

At high loads, the diesel fuel must be cooled to
ensure injection quantity accuracy and to stay within

exhaust emission limits.
428_028

The fuel pump cooling runs at engine start.

19



Engine Mechanical

Variable Vane Turbocharger

The 3.0L V6 TDI in the Touareg uses the well-known
variable-vane turbocharger.

Advantages

e High engine output is available at the bottom end
of the speed range since the exhaust gas flow is
regulated by the adjustable vanes.

e The lower exhaust gas back-pressure in the
turbine reduces fuel consumption at the top end
of thezspeed range and also improves bottom-end
power output. o

an optimum chargé’pressure and imrved
combustion is attained across the full speed
range.

Adjusting Ring

Support \ Pilot
Ring \

Control Linkage
Guide Pins

190_010
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The small size of }\kﬁe compressor and turbine allows
a high level of r@\ponse with only a slightly reduced

maximum outgﬁt.

Turbocharging
Path

()

=~

Optimized n’§>unting of the turbine shaft reduces
frictional losses with cold engine oil during the warm
up phase a@_d causes, especially at high elevations
and at coId-%mbient conditions, a more spontaneous
response b%havior.

U

A flow silenc%r on the suction side and a dual-
chamber ﬂom%silencer on the compressor
outlet prevent ﬁ,gw noise associated with high
supercharging p?r%ssures.

%,

2
0,
’/6\0

- o -
Charge-air Cooling with Integr
& O’oo/r
Controlling the charge-air tempera?@?@%@ributes
to ensuring consistently low emissions at varying

ambient temperatures.

'E)*d \,\96"2

Three-way Tube

\' . Turbocharger

Engine Mechanical

wagen AG.Vo\kswagenAGdo
€s

No ¢
QUQ/;SO
@

Turbocharger (TC) 1 Control
Module J724

" 428_029

Dual-Chamber
Flow Silencers

2

$

Exhaust GasTemperature(EGT) Sensor 1 G235
X

Q
&
{3&

d Charg,éﬁ%ir Cooler Bypass

\ohw\
m@nce the charge-air coolers are highly efficient
and they cool the compressed charge-air to
near ambient temperatures (at low outside
temperatures), a bypass is integrated into the air
path for bypassing the charge-air cooler.

Throttle Valve

iz

Left Charge-air Cooler

Charge-air Cooler Bypass 428 015
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Engine Mechanical

The bypass flap element consists of the flap housing and two flaps that are mounted at 90° angles on a common
shaft. They permit continuous mixing of cooled air from the two charge-air coolers and heated air from the
turbocharger. In the final positions of the flap, either only the heated air from the turbocharger or the cooled down
air from the charge-air coolers is delivered into the intake manifold.

The advantage of variable charge-air mixing is that the intake air temperature can be regulated to the desired
specified value depending on the characteristic map through a variable mixture ratio. This permits constant
thermodynamic boundary conditions for low-emission and low-consumption combustion.

The Charge-air Pressure Sensor G31 with integrated Intake Air Temperature (IAT) Sensor G42 senses the charge-
air temperature. It is installed just upstream of the throttle valve in the pressure hose.

Bypass Flap Element
To the Intake Manifold

Cold Engine, Low Outside

Compressed and
Temperature Heated Air from

the Turbocharger
The heated chargé-air, coming from the turbocharger
over the three-way tube, is delivered directly through
the bypass flap-to the intake manifold.

This allows the-oxidation catalyst, the particle filter,
and the exhaust cleaning systems to activate quickly.

428_017

Engine Under Load, High Outside To the Intake Manifold
Temperature

Starting at approximately 7750 RPM, depending on
the characteristic map, the amaunt of cooled charge-
air is delivered to the intake manifol@.through a
defined position of the bypass flaps.

By closing the bypass flap, the direct path of the
charge-air to the intake manifold is closed. The
charge-air is directed to the intake manifold through
the charge-air cooler.

Cooled Air from the

Charge-Air Cooler 428_016
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Common Rail Fuel Injection
System

The common rail fuel injection system is a high-
pressure accumulator fuel injection system for diesel

engines.

The term “common rail” means that all of
one cylinder bank’s injectors have a common,
high-pressure fuel accumulator or rail.

In this injection system, pressure generation and fuel
injection are separate. The high pressure required for
injection is generated by a separate high-pressure

pump. This fuel pressure is stored in a high-pressure

accumulator (rail) and is made available to the o
N

injectors via short injector pipes.

Fuel System

This fuel injection system’s characteristics include:

e The injection pressure can be selected almost
infinitely and can be adapted to the engine’s
operating status

e A high injection pressure up to a maximum of
29,000 PSI (2000 bar) enables optimal mixture
formation

e A flexible fuel injection process, with several pilot

and secondary injection processes

The common rail fuel injection system offers many
e\\g@tm@mbgggggng the injection pressure and the

injection process%mble engine's operating status. It

is designed to meet the[/@ve;@ increasing requirements

for low fuel consumption, Iovsoeg(haust emissions,

. o)
and smooth running characteristics.
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Fuel System

Fuel System

Fuel Metering Valve N290

Filter

"= High Pressure (300 - 2000 bar)

========|Low Pressure Return from the Injector (10 bar)
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Fuel System

Fuel Pressure Sensor G247

High-pressure Accumulator 1 (Rail)

< Fuel Injectors 4 - 6
l | N33, N83, N84

SnA(Sd
Oesho[
Y,
raf)f@
%o,
Fuel Pressure Regulator %,
Valve N276 % :
9”4
%5,
%
2,
3
o
B
[
9«
Fuel Injectors 1 -3 =1
N30, N31, N32 2
8
1)
Q
>
[9]
13
L
3
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Coolant Outlet = Coolant Inlet 3
3
= E 4 ) S
%\ Fuel Cooler Mechanical Crash Valve §c§
(Fuel/Water) X 3
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Tank Lﬂ ‘ﬂ Siage I-Plh%l\{g,i;iﬁ\‘\p}¥

Transfer Fuel Pump (FP) G6 L\‘ oy ueb®
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Fuel System

High-pressure Pump CP4.2

The new high-pressure pump CP4.2 operates with an
injection pressure of approximately 29,000 psi (2000

bar).

The pump is supplied with fuel by the Auxiliary Fuel
Pump V393 downstream of the Transfer Fuel Pump
(FP) G6. Two pump pistons are actuated alternately

by the camshaft (two lobes).

Fuel Metering Valve N290

Inlet Valve

Fuel Return

Fuel Feed

High-Pressure Piston

Roller Shoe

Roller -10Y¥
o)
0"\%(a
\&\‘\
>
%%
&
$
b\.a
&
N
&
Camshaft Vi h Double Cam
N
X
@
L
N
¥S
.
o
@
o

[}
%
* Produces tai
bar) S
e Has beena %@ ted to deal with fuel quality issues

Q.
e | ess force forpressure generation thanks to roller

plunger
e Uniform stress or‘?%ywe pump toothed drive belt

e Greater efficiency théﬁgs to volume control on the =

suction side via N290 %,
g /fo/oo/r

e Self-lubricating %%%
id

s

X<
\4'2\
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Fuel System

High-Pressure Area

The fuel enters the high-pressure area of the engine
through the Fuel I\/Ietenn%ége\,\gﬁ@{%gen/*e

age"
\lo\ /701<
The pump, @@ton is moved upward and downwarﬂ%;%
the can@% on the pump drive shaft. of@
\Q/ Oo%

b\\

Exhaust Valve

Fuel Metering
Valve N290
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Fuel System

Intake Stroke

The downward motion of the pump piston increases This results in a pressure differential between the
the volume of the compression space. fuel in the high-pressure pump and the compression
G.V
e agen A Spaceen Ac doss,
@)Y)\)\l Ofgz/a
=) . /¢ .
%\o‘\% The intake valve oper?@@@nd fuel flows into the
D . (o)
. — compression space. o

Intake Valve

Compression Space

=
Pump
Piston

HARAE
HUUYG e =

$403_108
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Fuel System

Delivery Stroke
With the beginning of the upward motion of the As soon as the fuel pressure in the compression
pump piston, the pressure in the compression space space exceeds the pressure in the high-pressure
increases and the intake valve closes. area, the exhaust valve (check valve) opens and fuel
enters the high-pressure accumulator (rail).
p

Connection to the High-
Pressure Accumulator (Rail)

Exhaust Valve

Pump Piston

$403_109
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Fuel System
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The high-pressure pump is supplied fuel by Auxiliary Fuel Pump V393. At high engine speeds, the pump can
deliver more fuel than the injectors can deliver. Fuel Metering Valve N290 helps reduce power consumption and
unnecessary fuel heating. N290 is open when not powered. It works in conjunction with Fuel Pressure Regulator

Valve N276 to regulate delivery and pressure.

Overflow Valve

The fuel pressure in the low pressure area of the high-
pressure pump is regulated by the overflow valve.

V393 delivers fuel from the tank at approximately 73
PSI (5 bar) to the high-pressure pump. The overflow
valve regulates the intake fuel pressure in the high-

pressure pump at approximately 62 PSI (4.3 bar).

The fuel delivered by the additional fuel pump works
against the piston and the piston spring of the overflow
valve. At a fuel pressure above 62 PSI (4.3 bar,) the
overflow valve opens and allowing for return of the
fuel.

403_111

The excess fuel flows via the fuel return line into the
fuel filter.
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Fuel Pressure Sensor G247

The Fuel Pressure Sensor G247 is located on the
cylinder bank 2 high-pressure accumulator (rail).
It determines the current fuel pressure in the
high-pressure area.

Function

The Fuel Pressure Sensor G247 contains a sensor
element, which is comprised of a steel niembrane
with expansion measuring strips.

The fuel pressure reaches the sensorelement via the
high-pressure connection.

In the event of a change in pressure, the steel
membrane deflection changes, as does the
resistance value of the expansion measuring strips.

The evaluation electronics calculate a voltage from
the resistance value and transmit this to the"Engine
Control Module.

A characteristic curve stored in the Diesel Direct Fuel
Injector(DFI) Engine Control Module (ECM) J248 is
used to calculate the current fuel pressure.

Effects of Failure

In the event of Fuel Pressure Sensor G247 failure, the
ECM employs a fixed, substitute value for calculation
purposes. The engine output is reduced.

Fuel System

Fuel Pressure Sensor G247

428_022

Electrical
Connection

Evaluation
Electronics

Expansion
Measuring Strips

Steel Membrane

361_015

High-Pressure
Connection
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Fuel System

High-Pressure Accumulator (Rail)

A high-pressure accumulator (rail) is installed for each engine cylinder bank. The high-pressure accumulators
are forged steel pipes. They have the task of storing the fuel required for injection for all of the cylinders at high

pressure.
Design

The high-pressure accumulators are connected to
each other by a pipe. The fuel inlet connection from
the high pressure pump, the connections to the
injectors and the Fuel Pressure Regulator Valve N276
are located on the cylinderbank 1 high-pressure
accumulator.

The fuel inlet gonnections from the connection
pipe, the cannections to the injectors, and the Fuel
Pressure Sensor G247 are located on the cylinder
bank 2 high pressure accumulator.

Function

The fuel in the high-pressure accumulators is
constantly at a high pressure. When fuel is drawn
from the high pressure accumulators for injection,
the pressure within the high-pressure accumulators
repnains virtually constant due to their large storage
volume,

The pressure.fluctuations that arise due to

the pulsating fuel supply to the high-pressure
accumulator from the high-pressure pump are
minimized by the high-pressure accumulator’s large
storage volume.

Fuel Rails

32
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. Fuel System
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FueI{femperature Sensor G81

o

Qo
The E:ﬁelTemperature Sensor G81 is located in the
fuejéupply pipe to the high-pressure pump. G81 is
us‘efd to determine the current fuel temperature.

S§gnal Usage

Th?g ECM uses the Fuel Temperature Sensor G81
sighal to calculate the fuel density.
S

Fuel Temperature Sensor G81

ek“\\\N\
S
U1 4o sseujoe1100 eu\m“oad

el

. € . .
This serves as a correction variable to calculate the
. K . .
injection quantity, to regulate the fuel pressure in
the high@@ressure accumulator, and to regulate the

quantity irﬁ’e}%to the high-pressure pump. i €
/4%0 &P

To protect the hlgh@;essure pump againstﬁ Qx\x@\,\&

excessively high fuel ?Qm%aratures, the Fu N\e’,\\oi\“ d

Temperature Sensor G81 is [0d5ted in the fued)‘éﬁ%ﬁpely =

system. In the event of excessively high temperatures _

in the fuel supply system, the engine’s output is E—ﬁ

limited in order to protect the high-pressure pump. As
a result of this, the quantity of fuel to be compressed
in the high-pressure pump is also indirectly reduced

and the fuel temperature is lowered. €

Effects of Failure

3561_031

In the event of Fuel Temperature Sensor G81 failure,
the ECM employs a fixed substitute value for
calculation purposes.
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Fuel System

Pressure Retention Valve

The pressure retention valve is a purely mechanical
valve. It is located between the return pipes from the
fuel injectors and the fuel system fuel return.

Pressure
Retention
Valve

Fuel Return
Pipes =
3
%
Task %
P
%
The pressure retention valve maintains a fuel 0“9,0
pressure of approximately 145 psi (10 bar) in the ("/fa

injector fuel return. This fuel pressure is required for
fuel injector function.

Function

During engine operation, fuel flows from the fueéy@

injectors to the pressure ntion valve throbLOJ(gP?the
oi’g@tum pipes. At a fuel prﬁre in excesg\x@a“145 psi
(1 Baf(}pghe ball is lifted its ﬁggaré‘gunter to the
pressure gﬁﬁ‘?&g force. The fuefflows through the
open valve into the fuel return to the fuel tank.

Return from the —>

Fuel Injectors
=

—2> Return to the Fuel Tank

Pressure Spring
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Control of the Fuel High Pressure

In the common rail injection<system, the fuel high
pressure is controlled by a‘so-called two-controller
concept.

Depending on the operating conditions, the high fuel
pressure is regulated either by the Fuel Pressure
Regulator Valve N276 orithe Fuel Metering Valve
N290. The valves are actuated by the Engine Control
Module (ECM) J623 withta pulse-width modulated
(PWM) signal.

Control by the Fuel Pressure Regulator Valve N276
At engine start and for preheating of the fuel, the
high fuel pressure is controlled by the Fuel Pressure
Regulator Valve N276. To heat up the’fuel quickly, the
high-pressure pump delivers and compfésses more
fuel than is needed. The excess fuel is discharged by
the Fuel Pressure Regulator Valve N276 into the fuel
return.

Two-Controller Concept

Injection Quantity

Engine Speed

Fuel System

Control by the Fuel Metering Valve N290

With large injection quantities and high rail pressures,
the high fuel pressure is controlled by, the Fuel
Metering Valve N290. This effects a demand-based
regulation of the fuel high pressure. THe power
consumption of the high-pressure pump is reduced
and unnecessary heating up of the fuebis avoided.

Control by Both Valves

In idling, in trailing throttle condition,zand with small
injection quantities, the fuel pressure is controlled
by both valves simultaneously. This enables precise
control, which improves idling giality and the
transition into trailing throttle;condition.

Control of Fuel High Pressure by Fuel Pressure
Regulator Valve N276

Control of Fuel High Pressure by Fuel Metering
Valve N290

Control by Both Valves

S403_030
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Fuel System

Fuel Metering Valve N290

Fuel Metering Valve N290 is integrated in the high-
pressure pump. It ensures demand-based control
of the fuel pressure in the high-pressure area. The
Fuel Metering Valve N290 controls the fuel quantity
that is needed for high-pressure generation. This
represents an advantage, in that the high-pressure
pump must generate only the pressure needed

for the momentary operating situation. The power
consumption of the high-pressure pump is reduced

and unnecessary warming up of the fuel is avoided.

Function

The non-energized state the Fuel Metering Valve

N290 is open. To reduce the feed quantity to the

compression space, the valve is actuated by the

Engine Control Module (ECM) J623 with a pulse-
width modulated (PWM) signal.

Through the PWM signal the Fuel Metering Valve
N290 is closed cyclically. Depending on the duty
cycle, the position of the locking piston changes as
does the amount of fuel into the compression space
of the high-pressure pump.

Effects of Failure
Engine power is reduced. Engine management
operates in emergency mode.

v To the Compression
U A Space

36
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Fuel System

Fuel Pressure Regulator Valve
N276

The Fuel Pressure Regulator Valve N276 is located on
. . . Fuel Pressure Regulator

the cylinder bank 1 high-pressure accumulator (rail). Valve N276

The regulator valve is used to adjust the fuel pressure

in the high-pressure area. To do this, it is initialized

by the ECM. Depending on the engine’s operating

status, the pressure is between 3,336 and 29 %QJAG Volkswagen% -
PSI (230 and 2000 bar). NEU

A

If the fuel pressure in the hlg@aeressure area is too
high, the regulator valve o%éhs causing some of the
fuel in the high- pressure@ccumulator to enter the

fuel tank via the fuel rqurn 351047

Q

2
~ £l
If the fuel pressure 1%1 the high-pressure area is too %
low, the regulator @Ive closes, thereby sealing the %;
high pressure areaoat the fuel return. A
s ]
e e
- 3
@ 2]
g
e. (7]
2 <
E) 3
o o
e 3
% Solenoid Coil E§Ectr|cal Connection
2 S
o >
High-Pressure © Valve Needle S

Accumulator (Ralﬁio

Valve Spring

Return to Fuel Tank

$403_032

37



Fuel System

How it Works

In contrast to conventional control valves in common
rail injection systems, the Fuel Pressure Regulator
Valve N276 is open in the non-energized state.

Fuel Pressure Regulator Valve N276 in Rest
Position (Engine “Off"”)

If the Fuel Pressure Regulator Valve N276 is not
activated, the pressure regulator valve is opened
by the valve springs. The high-pressure area is
connected to the fuel return.

Valve Springs

This ensures volume compensation between the
high-pressure and low-pressure areas. Fuel vapor

88 Volkswa
lock, which can occur durln\ga\tnbeeﬁ [-down \%ﬁ‘fl‘?‘Gdoes

QB HRELOOFAOWR WIT dogg , - ) o e W = === <
engine standstill in tr@\?‘hgh -pressure accumulator 9{/@,
(rail), is avoided @mﬂ the startup properties of the
engine are wmfﬁoved “a
b‘\’ ,o% $403_033
‘\\‘\Q') ?Lé‘
Fuel Prg‘gsure Regulator Valve N276 Activated %/é;
(Engl@ llonll) ‘Lé/

To se\qfan operating pressure of 3,336 to 26,107 psi
(23(§to 1800 bar) in the high-pressure accumulator,
the§FueI Pressure Regulator Valve N276 is actuated
by the Engine Control Module (ECM) J623 with a
pu%e—width modulated (PWM) signal. Upon actuation
a r@agnetic field is generated in the solenoid coil.
Thé& valve anchor is tightened and presses the valve
nee%le into its seat. A magnetic force opposes the
fuel g g/ressure in the high-pressure accumulator.
Depeﬁ‘dlng on the duty cycle of the actuation, the
flow cr@@s -section to the return line and the exhaust
quantity &changed This also allows fluctuations in

the pressuréfgn the high-pressure accumulator to be & o o 5403 034
.\ -
compensated. 4%0 f
%
@M%O/r
Effects of Failure o086,

If the Fuel Pressure Regulator Valve N276 failé,
the engine cannot run because adequate high fuel
pressure cannot be developed for injection.
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$
The fuel injectors are installed in tQécyIinder head.

They have the task of injecting thgocorrect quantity

of fuel into the combustion changbers at the correct
. <
time.

OrinW

The 3.0L V6 TDI engine has pi%o-controlled
fuel injectors. Piezo injector sviitching speed is

(0]
approximately four times fastegthan that of a
solenoid valve. 3
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“Structure of an
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Electrical égllﬁ’né

ction
Pin-Type Filte

Fuel Return

Valve Plunger

Valve Plunger Spri

Switching Valve

Nozzle Spring

Sealing Ring

e Precise injection quantities

iﬁ%gﬂlgh-Pressure Connecti

Piezo Actuator -

Connecting Plunger

Fuel System
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In comparison with solenoid valve-contr%ed
injectors, piezo technology has approxim@ly 75%
less moving mass at the injector needle.

e}
[}
g
This results in the following advantages: =
2
o)
e Very short switching times o
e Several injections per working cycle are pc;’,%sible

Injector

\\

Injector Needle
351_016

351_061
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Fuel System

Injection Process

The very short switching times of the piezo-
controlled fuel injectors enable flexible and precise
control of the injection phases and injection
quantities. As a result, the injection process can be
adapted to engine operating requirements. Up to
five partial injections can be carried out in a single
injection process.

Pilot Injection

A small quantity of fuel is injected into the
combustion chamber prior to main injection. This
leads to a rise in temperature and pressure in the
combustion chamber. The main injection ignition
time lag is therefore shortened, reducing the rise

in pressure and pressure péaks in the combustion
chamber. This leads to low ¢ombustion noise and low
exhaust emissions. The number, time, and injection
quantities of the pilot injection processes are
dependent on the engine operating status.

When the engine is cold and at low engine speeds

two pilot injections are triggered far acoustic reasons.

At higher loads and engine speeds only one pilot
injection is triggered in order to reduce exhaust
emissions.

No pilot injéction.takes place at full throttle and high
engine speeds, becalsg a large quantity of fuel has
to be injected to achieve athigh level of efficiency.

Main Injection

Following pilot injection, the main injection quantity
is injected into the combustion chambeg; following
a brief injection pause. The injection pressure level
remains virtually identical throughout the entire
injection process.

Secondary Injection

Two secondary injections are used to regenerate the
diesel particulate filter. These secondarysinjections
increase the exhaust gas temperature swhich is
necessary to burn the soot particles,in the diesel
particulate filter.

Initialization
Voltage (V) \
v )
Injection
(Rate of
Injection) ] \
% / / \ /. » Time
Main Injection 351_118

Pilot Injections

40
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Piezo Actuator

A piezo actuator is used to control the injectors. This
is located in the injector housing, and is initialized
through the ECM. The piezo actuator has a high
switching speed, switching in less than one ten-
thousandth of a second. The inverse piezo-electric
effect is used to control the piezo actuator.

Piezo Effect

“Piezo” is a Greek word meaning “pressure.”

Piezo elements are frequently used in sensor
systems. Pressure applied to a piezo element
produces a measurable voltage. This behavior on
the part of a crystalline structure is called the piezo-
electric effect.

Inverse Piezo-Electric Effect

The piezo-electric effect is employed in reverse form
in a piezo-controlled actuatorWhen a voltagéss
applied to the piezerelement the crystalline structuré
reacts by changing length.

Piezo Actuator

Theé piezo actuator is comprised of many piezo
elements, so that switching travel is sufficient to
control the fuel injector.

With the application of a voltage, the piezo actuator
expands by up to 0.0012 inch (0.03 mm). For
comparison purposes, a human hair has a diameter
of approximately 0.0024 inch (0.06 mm).

Fuel System

Piezo Element with Voltage V Applied
L
d 1

@ 9 T

351_096

»
>

Initial Length
Change in Length

A

<

Simplified Crystalline Structure

Multiple Piezo Elements

Connécting Plunger

Eﬁ 351_017

Note:

/ The piezo actuators are initialized with a
voltage of 110 — 148 V.
Note the safety precautions in the current
service information.
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Fuel System

2gen AG. VolkswagenAGdo
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Connectm\g Module (?&vbnectlng Module in Resting Position
OO
The Conne,%tlng module is comprised of the Of@&
connec%ﬁg plunger and the valve plunger. The Connecting

conn%@thg module acts in the same manner as

a hyg‘?aulic cylinder. It hydraulically converts the
pie§) actuator'’s very rapid longitudinal change and
actuates the switching valve. Due to hydraulic force
tragwsmission, switching valve opening is dampened,
and injection is therefore precisely controlled.

Ses,

o

Advantages of hydraulic force

[oR
tré}ansmlssmn:
2
LO\% friction forces

° Damj?g,ng of moving components

. Compeﬁ@atlon of component longitudinal changes 01018

caused by‘t@ermal expansion
e No mechamcéﬂff,grces acting on the fuel
%

needles %o/r
IOSJOQJOJ

Hydraulic Principle Connecting Module Actuated

The connecting module is a hydraulic system in High Fuel
which both the forces and the plunger areas behave Pressure

in relation to each other. Fuel Return

Connecting
In the connecting module, the area of the connecting Plunger

plunger is greater than the area of the valve plunger.
The valve plunger is therefore actuated by the
connecting plunger's force.

Area Ratios of
the Plungers

C
= - @
|l —e

%

The area ratio of the connecting plunger to the
switching valve is several times higher. As a

Lo Pressure /
result, the switching valve can be actuated by the Cushion
connecting module counter to the rail pressure.

The pressure retention valve in the fuel return Valve

maintains a fuel pressure of approximately 145 psi Plunger 3‘;‘;3}:”“9
(10 bar) in the connecting module. This fuel pressure
serves as a pressure cushion for hydraulic force 351108

transmission between the connecting plunger and
valve plunger.
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Imvits resting position, the fuel injector is closed. The
;iezo actuator is not initialized.

c

@
(O]
F&d el pressure is high in the control chamber above
the fuel injector needle and at the switching valve.
=
£

Th% switching valve is pressed into its seat by the
hlgh‘?fouel pressure and the switching valve spring
force.®he high fuel pressure is therefore separated
from the’oiuel return.

*’o‘
The fuel |nject‘€):r needle is sealed by the h uel
pressure in the cofffbgj) chamber above thdliftjector

O
needle and by the nozzfgﬁé?prg@g dforce. ‘oF Ue@ﬁ”‘%\’\\

The pressure retention valve in the fuel injector fuel
return maintains a fuel pressure of approximately 145
PSI (10 bar) in the fuel return.

8/70’9

Fuel System

Switching Valve

Switching Valve Spring

Injector Needle

Nozzle Spring

Injector
Needle

3561_019
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Fuel System

Start of Injection

The start of injection is introduced by the ECM. To do
this, it initializes the piezo actuator. High Fuel Pressure

The piezo actuator expands and transfers this
movement to the connecting plunger.
Fuel Return
The downward movement of the connecting plunger
builds up a hydraulic pressure in the connecting
module, which acts on the switching valve through Piezo Actuator
the valve plunger.

The switching valve is opened by the connecting
module hydraulic pressure, and releases the path
from the high fuel pressure to the fuel return.

. . Connecting
The fuel in the control chamber flows into the return Plunger

through the outflow restrictor. The fuel pressure

above the injector needle falls abruptly as a result. gﬁ:‘r’]‘;er
The injector needle is raised, and injection k\)\gg@spAG.VolkswagenAGdo .
[¢) /701«
%

Switching Valve

Outflow
Restrictor

Injector
Needle

351_020

Control Chamber
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Fuel System
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Endgﬁ Injection %,
%S
»

Tt\\@lnjchon process ends when the piezo actuator (9&/‘
3

\Qég\ no longer initialized by the ECM. The piezo actuator
§° returns to its original position.
@
§o The two connecting module plungers move upward
§ and the switching valve is pressed into its seat. The
§ path from high fuel pressure to the fuel return is
i therefore sealed. Fuel flows into the control chamber
4 above the injector needle via the inflow restrictor. The
% fuel pressure in the control chamber increases to the
©  rail pressure again and closes the injector needle. The
% injection process is completed, and the injector is in
%alts resting position again.
Tﬁ@ injection quantity is determined by the piezo
actuasg,ors initialization duration and the rail pressure.
The ragﬁ%plezo actuator switching ti enable
several mu?@tagns per working cycle
adjustment of théqwaggtlon quantlty

o N
precise &Q\\X@'
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o
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Fuel Return
Q
o

Piezo Actuator

Switching Valve

Inflow Restrictor

Control Chamber

Injector Needle

Injector
Needle
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Fuel System

Fuel Injector Delivery
Calibration

Fuel Injector Delivery Calibration (IDC) is a software
function in the ECM for initializing the fuel injectors.

This function is used to individually correct the
injection quantity for each common rail fuel
injection system fuel injector throughout the entire
performance map range. The precision of the fuel
injection system is improved as a result.

Fuel injector delivery compensation balances out
production differences.

The objectives of this injection quantity correctiog@@
Q
are:

L
S
$
. . (@)
e Reducing fuel consumption 5
¢ Reducing the quantity of exhaust gas g‘z’
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e Smooth running characteristics

IVA/IQA Value

U

The Injector Voltage Adjustment (IVA) and?él)njector
Quantity Adjustment (IQA) are adjusted fo’%each
injector using a calibration. A seven-digit czﬁbration
value is printed on each fuel injector. This cal@fation
value may be comprised of letters and/or num%g;[s.
@0{/
The IVA/IQA value is determined on a test rig during
fuel injector production. It denotes the difference
from the nominal value, and therefore describes an

injector’s fuel injection behavior.

The IVA/IQA value enables the ECM to precisely

calculate the initialization times required for injection

for each individual fuel injector.
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Note:

If a fuel injector (injection valve) is
replaced, it must be matched to the fuel
injection system. Fuel injector delivery
calibration must be performed using
Guided Fault Finding.

R -
Exampleof-an I\WM@% on a Fuel Injector

N
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Fuel System

Cylinder Pressure-Based Combustion Control

Cylinder pressure-based combustion is another This provides the option of integrating this new
component used to achieve low emissions and at the functionality in the existing space of the cylinder
same time achieve high fuel economy. head. The heating pin is supported in such a way
that it can move in an axial direction within the glow
The combustion chamber pressure sensor used pin housing. It transmits the cylinder pressure to
in the 3.0 liter V6-TDI engine is a product by Beru, a diaphragm via a push rod. The deformation of
available under the designation PSG (Pressure the diaphragm is registered through the change in
Sensor Glow Plug). It adds the combustion chamber resistance and processed in an integrated electronic
pressure sensor function to a metal glow pin and is system. The processed voltage signal is transmitted
installed in Cylinders 2 and 5. \\kswage“AG'VO'kswaﬂ@ftHe@dggine control module for further evaluation.
n
Qﬁgaq\do OI&ZZ?f
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Bellows 428056

Heating Pin Can Move in
Axial Direction
Glow Filament

Combustion Chamber
Pressure Sensor

Combustion Pressure

* Diaphragm (piezo-resistive effect)
A silicon resistor is installed on the edge of a diaphragm.

428_020
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Fuel System

Cylinder pressure-based combustion permits the
optimum adjustment of the injection point, and thus
the pressure profile during combustion, to different
fuel qualities and exhaust gas recirculation rates.
The course of combustion is determined from the
pressure signal of the combustion chamber sensor
and the engine speed signal.

Based on the deviation from the target/performance
comparison, a correction value is determined with
regard to the target combustion development, which
causes an intervention in both the injection and the
air system.

The fuel quality, in particular the cetane rating, has

a major effect on the course of combustion and

the burn rate. With a low cetane rating, the ignition
property of the fuel is reduced and thus the ignition
delay is significantly increased. The point of 50%
energy conversion moves in the “late” directiofy. This
leads to incomplete or partial combustion.

48

In engines without cylinder pressure-based control,
combustion cannot be fully completed at very high
EGR rates due to the high displacement towards late
and retardation. This causes combustion conditions
similar to misfiring. As a result, the HC and CO
emissions rise drastically.

The course of combustion is kept constant with
the help of the cylinder pressure-based combustion
control system and thus combustion is stabilized.

To counteract the higher ignition delay, the start of
injection is moved to an earlier time. In this way the
HC and CO_emissions/gan be kept at a near constant
low:leVel with lower cetane ratings;:low load, and
Righer EGR rates.
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Engine Management

Sensors

Mass Air Flow (MAF) Sensor G70

Engine Speed (RPM) Sensor G28

Camshaft Position (CMP) Sensor G40

Engine Coolant Temperature (ECT) Sensor G62

Engine Coolant Temperature
(ECT) Sensor (on Radiator) G83

Fuel Temperature Sensor G81

Cylinder 2 Combustion Chamber
Pressure Sensor G678

Cylinder 5 Combustion Chamber
Pressure Sensor G681

Fuel Pressure Sensor G247

Throttle Position (TP) Sensor G79 and
Accelerator Pedal Position Sensor 2 G185

EGR Potentiometer G212
Brake Light Switch F and Brake Pedal Switch

Charge-air Pressure Sensor G31 and
Intake Air Temperature (IAT) Sensor G42

@
%
o
[oN
5
=
Heated Oxygen Sensor (HO2S) G39 %
[
<
Reducing Agent Tank Sensor G684 <
o

e =

4,0
Reducing Agent Temperature Sensor G685 e

¢
!

Exhaust Gas Temperature (EGT) Sensor 3 G495
Catalyst Temperature Sensor 1 G20
EGRTemperature Sensor G98
Exhaust Gas Temperature (EGT) Sensor 1 G235
Exhaust Gas Temperature (EGT) Sensor 4 G648
Bank 1 Exhaust Gas Temperature (EGT) Sensor 2 G448

Differential Pressure Sensor G505

Additional signals:

Cruise control system, Terminal post 50, Speed signal,
Crash signal from the airbag control unit,
Requirement start on engine control module (KeylessE _, _ _ _
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Engine Management

Actuators

Fuel Injector for cylinders 1 -3
N30, N31, N32

Fuel Injector for cylinders 4 - 6
N33, N83, N84

Automatic Glow Time Control Module J179

Glow Plugs 1-3Q10, Q11, Q12

Glow Plugs 4 - 6 013, Q14, Q15

Oil Pressure Regulation Valve N428

Throttle Valve Control Module J338

Fuel Metering Valve N290

Fuel Pressure Regulator Valve N276

Exhaust Gas Recirculation (EGR) Cooler Pump V400

Exhaust Gas Recirculation (EGR) Motor V338

Exhaust Gas Recirculation (EGR) Cooler Switch-Over Valve N345

’g SWES&Msy(ggs Recirculation (EGR) Cooler Switch-Over Valve 2 N381

oy
7, g e
Turbocharger (TC)/’f@ggntrol Module J724
7
4

S
@
2

%0
g g Intake Flap Motor V157, Intfﬁie Flap Motor 2V275
~.
//y

VA
% Charge-air Cooler Bypass ContraUnit J865
: ®

—

Additional signals:

[)
Reducing Agent Metering System%ontrol Module J880*
Reducing Agent Injector N474 3

' \‘a-‘ l Reducing Agent Pump Heater 2103 =
8 Reducing Agent Line Heater 2104

Reducing Agent Pump V437
| 4 i Reducing Agent Transfer Pump V436"

Air conditioning
compressor

o}

Auxiliary coolant
heater
Fan settings 1 + 2

U}091400 9

Auxiliary Air Heater e Reducing Agent Tank Heater Z102
Heating Element Z35 5

e Fuel Cooler Pump V166 s
Left/Right Electro- S
Hydraulic Engine Oxygen Sensor (02S) Heater 219
Mount o s
Solenoid Valves Fuel Pump (FP) Relay J17 S
N144, N145 \ g Transfer Fuel Pump (FP) G6 &

QL
>
g Auxiliary Fuel Pump Relay J832 428,025

5. liary Fuel Pump@!@’m3
6 N
,l//fo, {\0\\0‘
Oo/r ‘/\\Oh

Q,O@
10, e
9} Oly OV ueb 51



Engine Management

Control Modules in the CAN Data Bus

The schematic shown below shows the integration of the Engine Control Module (ECM) J623 into the vehicle's
CAN data bus structure.

J623 J217 J104 J234
. o

361_115

Drive CAN Data Bus: Convenience CAN Data Bus:

J623 Engine Control Mo&;le (ECM)

J285 Instrument Cluster Control Modul§
J217 Transmission Contro%Module (TCM) J527 Steering Column Electronic Syste;ﬁs Control
J104 ABS Control Module%6 Module 5’9
J234 Airbag Control Modulé% J518 Access/Start Authorization Con\gol Module
J197 Level Control System Ctigtrol Module

J519 Vehicle Electrical System Congfdl Module
J255 Climatronic Control Modules”

Q
J533 Data Bus On Board Diag@stic Interface
O
— '\

J428 Distance Regulation Conf?’gj Module
(o8
J492 All Wheel Drive Control Mod\fﬂg
(@

7
“r.
O

%5
/-//fo,oo

IOS’IOSJOJd
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Engine Management

Senso rs Engine Speed (RPM) Sensor G28

Engine Speed (RPM) Sensor G28

2-Segment Gap

The Engine Speed (RPM) Sensor G28 is secured to
the gearbox housing. It is an inductive sensor, which
samples a 60-2 sensor wheel, which is secured to
the drive plate. A segment gap on the sensor wheel
serves the Engine Speed (RPM) Sensor G28 as a
reference mark.

Signal Usage

The engine speed and the precise position of the b\@@
crankshaft are recorded via the sensor’s signal. 'lgb?ls 9 . _
information is used by the ECM to calculate thg _ = 4 ¥
injection point and the injection quantity. 3 1 : B )

-2
I}
g
=

. EO-Segment
Drive Plate Drive Plate Sensor Wheel

Effects of Failure

g
s
In the event of signal failure, the engine |s§,hut off
and can no longer be started. ]

[}

o
g2
>
=
$
Camshaft Position (CMP) Sen’%
G40
%
7
The Camshaft Position (CMP) Sensor G40 is secu’f:gd
in the retaining frame of the cylinder bank 1 cyhnder‘%,/f
.
head. It scans the sensor wheel on the camshaft, O,
with which the position of the camshaft is detected.

Signal Usage

The sensor signal is required by the ECM to detect 351_022

he fir linder when starting the engine. Camshaft Position
the first cylinder when starting t gi (CMP) Sensor G40

Effects of Failure

Starting the engine is impossible in the event of
signal failure.
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Engine Management

\0 \\(\s\N agen A
ooy

Throttle Poslﬁbn (TP) Sensor G79
and Accelei‘ator Pedal Position
Sensor 2 G185

Q@“
The Thrgftle Position (TP) Sensor G79 and Accelerator
Pedal Position Sensor 2 G185 are combined in one
compcenent and integrated into the accelerator pedal
module.

npart

Sigglal Usage

The TBrottIe Position (TP) Sensor G79 and Accelerator
Pedal léosmon Sensor 2 G185 are used to detect

the poé”@lon of the accelerator throughout the entire
adjustm&gt range. These signals are used by the
ECM to cé%eulate the injection quantity.

‘,/
%

Effects of %Iure

%*
In the event that one o

WO sensors (G79%x

(G185) fail, the system swﬁcheé t&idle speed. |fgmeef>‘a““

second sensor is detected within a defined period
of time, vehicle operation becomes possible again.
However, the engine speed only increases slowly
to the desired throttle. In the event of both sensors
failing, the engine only runs at increased idle speed,
and no longer responds to the accelerator.

Kick Down Switch F8

The Kick Down Switch F8 function is integrated into
the accelerator pedal module.

Signal Usage

In addition to the accelerator position sensor signals,
the Kick Down Switch F8 signal allows the ECM

to detect the kick-down position. This information

is transmitted to the Transmission Control Module
(TCM) J217 via the drive CAN data bus, and the kick-
down function is carried out.
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Throttle Posnéizon (TP) Sensor G79,
Acceleratqp‘{i’edal Position Sensor 2 G185,
and ch))(‘ﬁown Switch F8
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Effects of Failure

In the event of Kick Down Switch F8 failure, the ECM
uses the accelerator position sensor values.



Engine Management

o e\ & Ogg '701‘9
{\966 0%‘/7
{b\i\‘(\o /@@O/_
2 AN . .
i i S Brake Light Switch F and
Brake Light Switch F and Brake S ke b o ey
Pedal Switch F47 %,

g
The Brake Light ﬁcx)/itch F and Brake Pedal Switch
FA7 are Iocatedﬁgether in one component on the
pedal cluster. B§th switches help the ECM to detect
whether the brake is actuated.

npar

Signal Usage

When the braké&is actuated, the cruise control
system is shut 5@1‘, and the engine no longer
responds to the g‘%celerator pedal.

o

351_025

o
Effects of Failcﬁ;@e
@{%
If a sensor’s signal fails, thézinjection quantity is
reduced and the engine has e’Qs,Jg)éJtput.The cruise

control system is also shut off. Ooffqpa
lOalon

Mass Air Flow (MAF) Sensor G70

Mass Air Flow (MAF)

The Mass Air Flow (MAF) Sensor G70 is located in Sensor G70

the intake manifold. It works according to the hot film
principle, and determines the amount of air which is
actually taken in.

Signal Usage

The injection quantity and the exhaust gas
recirculation quantity are calculated by the ECM
on the basis of this signal. The signal is also used
to determine the amount of diesel particulate filter
contamination.

Effects of Failure

351_100
In the event of signal failure, the ECM employs a

substitute value comprised of the charge air pressure
and engine speed for calculation purposes.
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Engine Management

Engine Coolant Temperature (ECT)
Sensor G62

The Engine Coolant Temperature (ECT) Sensor 3
G62 is located on the right cylinder head’s coolant \@94’
connection. The sensor provides the ECM with 5

. . @
information on the current coolant temperatur@’\.‘

Signal Usage

(%)
N
()
<
)
X
o

<
=

The coolant temperature is used by the ECM as a
correction value for calculating the injectg)n quantity,
the charge air pressure, the injection poift, and the
exhaust gas recirculation quantity. ]

Effects of Failure

e(C\a\pU'poses

<
If the sensor signal fails, the ECM uses the?e(sjignal
from the Engine Coolant Temperature (ECT) ggnsor
(on Radiator) G83 and a fixed, substitute value%cg

. 72
calculation purposes. ?/0(/
%,
0

%
%t

'OSJOQ‘ZOJ

Engine Coolant Temperature (ECT) Radiator
Sensor (on Radiator) G83

The Engine Coolant Temperature (ECT) Sensor (on
Radiator) G83 is located in the line at the radiator
outlet, where it measures the outlet temperature.

Signal Usage

Radiator fan initialization is carried out by comparing
the signals from the two sensors, G62 and G83.

Effects of Failure

3561_089

If the signal from the Engine Coolant Temperature _||5_n9ine COOIa(nEtCT)

. . . emperature
(ECT) Sensor (on Radiator) G83 fails, radiator fan Sensor (on Radiator) G83
stage 1 is continuously initialized.
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Engine Management

Charge Air Pressure Sensor G31
and Intake Air Temperature (IAT)
Sensor G42

The Charge Air Pressure Sensor G31 and Intake Air
Temperature (IAT) Sensor G42 are integrated into one
component and are located in the intake manifold:

Charge Air Pressure Sensor:G31
Signal Usage

The ECM uses the sensor’s signal4o regulate the
charge air pressure.

Effects of Charge Air Pressure
Sensor G31 Failure

There is no substitute function ia the event of signal
failure. Charge air pressure regufation is shut off,
leading to a significant reduction ih engine output.

Front of Vehicle

Intake Air Temperature (IAT) Sensor
G42 Signal Usage

The ECMLuses the sensor's signal to calculate

a correction value for“the,charge air pressure.
Evaluation of the signal giveésiconsideration to the
influence of temperature on the density of the charge
air.

Effects of Intake Air Temperature .

(IAT) Sensor G42 Failure

In the event of signal failure, the ECM employs a
fixed, substitute value for calculation purposes; This
may lead to reduced engine output.

Charge Air Pressure Sensor
G31 and

Intake Air Temperature (IAT)
Sensor G42
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Engine Management

Heated Oxygen Sensor (HO2S) G39

The Heated Oxygen Sensor (HO2S) G39 is a
broadband type sensor. The sensor is located
upstream of the oxidizing catalytic converter in the
exhaust system. It enables determination of the
oxygen content in the exhaust gas over a wide

measuring range.

Signal Usage

The Heated Oxygen Sensor (HO2S) G39 signal is
used to correct the exhaust gas recirculation quantity.
The signal also serves to determine the amount
of contamination of the diesel particulate filter. g(v’v
this calculation model, the sensor signal is u,s%d
to measure the engine’s carbon emlssmr& If the
exhaust gas oxygen content is excessé&”ely low in

. . . N
comparison with the nominal value, fncreased carbon

emissions are concluded.

9
<
@
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'3
=
S
A
o
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<
o

Turbocharger

Oxidizing
Catalytic
Converter

58

Effects of Failure

If the signal fails, the exhaust gas recirculation
Qe\{amlt)sou&\d@j@{%ned using the Mass Air Flow

w\lo\\"s (I\/IAF) Sensor G70 s@-‘ﬁa{,«gAs this regulation is not

very precise, nitrogen OXIde ém@gssmns may increase.
Calculation of diesel particulate ffh%r contamination

is less accurate. However, regeneraﬁ@n of the diesel
particulate filter remains reliable.

Q'OGJOQ IOJCI
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Exhaust QasTemperature (EGT)
Sensor 1(13235

ho/

Exhaust GagTemperature (EGT) Sensor 1 G235 is
a PTC sen@r. It is located in the exhaust system
upstream &f the turbocharger, where it measures the
temperateée of the exhaust gas.

o

Signal F%sage

The ECM use% the Exhaust Gas Temperature (EGT)
Sensor 1 G235’<§|gnal to protect the turbocharger
from unacoeptaﬁ?a[ high exhaust gas temperatures.

¢

u (//
Effects of Failure
/90/./
If the Exhaust Gas Temperature @GJ}, Sensor 1G2

calculatron purposes and engine output is reduced.

Turbocharger

Exhaust Gas Temperature (EGT)
Sensor 1 G235

351-076
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Engine Management

Bank 1 Exhaust Gas Temperature
(EGT) Sensor 2 G448

Bank 1 Exhaust Gas Temperature (EGT) Sensor 2
G448 is a PTC sensor. It is located in the exhaust
system upstream of the diesel particulate filter,
where it measures the temperature of the exhaust
gas.

Signal Usage Diesel Particulate Filter

The ECM uses the signal from Bank 1 Exhaust Gas
Temperature (EGT) Sensor 2 G448 to calculate the
amount of contamination in the diesel particulate

filter. Volksw.
— Qs agen AG 498N AG g

hof
9,
The diesel parch{@‘fe fllter contamination status is %%

calculated usg’i@ the signal from the Bank 1 Exhaust "o
GasTempr@ature (EGT) Sensor 2 G448, together
with thg&%lgnals from the Exhaust Pressure Sensor 1
G450§he Mass Air Flow (MAF) Sensor G70, and the
Hea;,gd Oxygen Sensor (HO2S) G39.

Bank 1 Exhaust Gas
Temperature (EGT)
Sensor 2 G448

/

Ola

<. .
The signal also serves as component protection
incorder to protect the diesel particulate filter from

eioessively high exhaust gas temperatures.
£

(0]
Effects of Failure

2
If %%e Bank 1 Exhaust Gas Temperature (EGT)
Ser?@or 2 G448 signal fails, diesel particulate filter
regeor‘ﬁgration takes place according to the mileage
coveret&or hours of operation. The Malfunction
Indlcator%gmp (MIL) K83 is activated after three =2

driving Cycle‘sf

3561_077
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Engine Management

Exhaust Pressure Sensor 1 G450

The Exhaust Pressure Sensor 1 G450 measures the
difference in pressure in the flow of exhaust gas

upstream and downstream of the g@s@?‘b%rtlcurate genAGdoesn
filter. It is secured to a brackgf%\rlw the transmission. §

N %
$° %

Signal Usage. 5 S

@

The ECM uses ﬁe Exhaust Pressure Sensor 1 G450 2
signal to caICLQGPate the amount of contamination in 2/.
the diesel pgrtlculate filter. 5@,

§ 5
The diesel§)articulate filter contamination status
is calculatgd using the Exhaust Pressure Sensor 1
(G450, together with the signals from the Bank 1
Exhaust G‘w@s Temperature (EGT) Sensor 2 G448, the
Mass Air Flow (MAF) Sensor G70, and the Heated
Oxygen Se%%sor (HO2S) G39.

®

< =
Effects of Failure e S
@,@ £ A
If the Exhaust Pre@sure Sensor 1 G450 signal
fails, diesel partlculé% filter regeneration takes
place according to the rﬁjleage covered or hours of ﬂ‘

operation. Glow Plug Indlcaﬁ‘%g_amp K29 flashes at [ A o@dg"&. Y
the same time. The Malfunction Tﬁ@ﬂo@}ar Lamp (I\/IIL) Uef,ew%’\\ ? Y 251032
K83 is activated after three driving cycles ¥ e

AAw

Connections from the
Diesel Particulate Filter
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Engine Management

Actuators

:\';Itik‘: 5'1357 Intake Flap
Intake Flap Motor V157 and Intake o Motor 2V275
FlapMotor 2V275

The 3.0L V6 TDI engine has one intake manifold flap
motor per cylinder bank. They are located on the

lower section of the intake manifold on the relevant
cylinder bank.

Task

Continuously Yariable swirl flapg aeg\q\.@%tm,gaem_‘ )

the lower sections of th&u&é@e manifolds of both 7,
cylinder banks. The&@ﬁf\’rl of intake air is adjusted

by the positionggb\%}we swirl flaps, depending on the

. Q - -
engine speedand load. 3 351.037
& 3
3

Z,
The Inta\@gFlap Motor V157 and Intake Flap Motor %
2 V275(\,991ave the task of varying the position of the é%’
swirl flaps in the intake ports by means of a push rod.
To d§this, the intake flap motors are initialized by the

m
@)
=

pose%qﬂ part {

Effects of Failure

If thglntake Flap Motor V157 or Intake Flap Motor 2

V275g<%‘)ails, the swirl flap remains open.
2

Intake Flap
Motor 2V275

Intake Air
351_122
Swirl Flaps
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Engine Management

Throttle Valve Control Module J338 O OSSnofga%
S 2

The Throttle Valve Control Module J338 is located in @65% %,
the intake port upstream of the upper section of ttg@
intake manifold. The throttle valve in J338 is opeﬁated
by a positioning motor and it is controlled by tch%

ECM. Q)
Q2
[e)
s
Task £
T
g

The continuously variable throttle valve is ased in
specific operating conditions to generate z%”,vacuum
(determined by the ECM) in the intake mat%fold.This
results in more effective exhaust gas recirc%ﬂlation.

ef©

When the engine is switched off, the throttle%/alve
is closed and the air supply is interrupted. Lesso(@r is
taken in and compressed, and engine shutdownB
smooth.

Effects of Failure

The throttle valve remains open. Correct regulation of
the rate of exhaust gas recirculation is impossible.

Throttle Valve Control
Module J338

3561_123

Intake Air
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Engine Management

Exhaust Gas Recirculation (EGR)
Motor V338

The Exhaust Gas Recirculation (EGR) Motor V338
is a positioning motor used to actuate the exhaust
recirculation valve.

Task

The exhaust gas recirculation rate is determined by
means of a performance map in the ECM. Exhaust
Gas Recirculation (EGR) Motor V338 receives a pulse-
width modulated signal to control the flow of exhaust
gas into the intake manifold.

Effects of Failure

If the signal fails, the exhaustgas recirculation
function is not reliable.

64

Exhaust Gas Recirculation
(EGR) Motor V338

90024150
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Engine Management
S %,
w
S Z,
<@ ®
$ 1
ExhaustgGas Recirculation (EGR) 5
Cooler &I\Iltch Over Valve N345 Exhaust Gas Recirculation (EGR)

Cooler Switch-Over Valve N345

ExhaustéGas Recirculation (EGR)
Cooler Switch-Over Valve 2 N381

=

The Exhaust é;as Recirculation (EGR) Cooler Switch-
Over Valve N345 and Exhaust Gas Recirculation
(EGR) Cooler va&ch Over Valve 2 N381 are
electropneumatic %Wes They switch the vacuum
unit's control pressu@ to actuate the exhaust gas
coolers’ bypass valves 1‘@§45 controls the main
cooler bypass, and N381 cofq@rols the auxiliary cooler g 2
bypass. %O/rq ~ ’ Rl P a

JO@JOJCI . e €1 at ‘;‘;{ — . o
Task 351_049

In order to reduce nitrogen oxide emissions even
more effectively, the recirculated exhaust gases pass .
through the exhaust gas recirculation cooler when Effects of Failure

the engine is at operating temperature.
If either valve fails, the controlled exhaust gas

The bypass valves in the exhaust gas recirculation recirculation cooler bypass valve remains closed. The
cooler are actuated to achieve this. The valves are exhaust gas is always cooled, and both the engine
initialized by the ECM depending on the temperature. and the oxidizing catalytic converter take longer to
This then switches the vacuum unit's control reach their operating temperature.

pressure to actuate the specific bypass valve.

Exhaust Gas
Recirculation Cooler

Exhaust Gas Recirculation
Cooler Switch-Over Valve

361_103

Vacuum Unit

Bypass Valve
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- %
Turbocharger (TC) 1 Control Module %
J724 g‘z’ 3

nw,
=

rbocharger (TC) 1
The Turbocharger gC) 1 Control Module J724 is ntrol Module J724

located on the tur§ocharger.

Task

. ses, i
i\ purPo
Yo
Ul jo SS8U}091109 eL@J

The Turbocharger (T€) 1 Control Module J724
controls guide vane &gjustment in the turbocharger
with an electric posmoalng motor. Electric
initialization makes qwc%,turbocharger response and
precise regulation pos&ble’g

‘//
’fo'

To adjust the guide vanes, the Turb@charger (TC) 1
Control Module J724 is initialized by t(??e/@gl\/l using a L5 _ -
pulse-width-modulated (PWM) signal. 810, : 351.092

Effects of Failure

No further charge air pressure control is possible in
the event of Turbocharger (TC) 1 Control Module J724
failure. The injection quantity is limited and engine

output is reduced. o Turbocharger (TC) 1
Positioning Motor Control Module J724

Guide Vanes

361_041
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Engine Management

Glow Plug Indicator Lamp K29

The Glow Plug Indicator Lamp K29 has two
functions:

e |tilluminates to indicate theglow period%o’the
driver prior to starting the engine

e |t flashes tosnotify the driver of an engine
malfunction

Malfunction Indicator Lamp (MIL)
K83

Those engine management system components
relevant to exhaust emissions are checked for failure
and malfunctions within the framework of On-Board
BDiagnosis Second Generation (OBD 11).

The Malfunction Indicator Lamp (MIL) K83 indicates
faults detected by the OBD Il system.

Diesel Particle Filter Indicat amp
K231

The Diesel Particle Filter Indicator Lamp K231
illuminates if the diesel particulate filter can no
longer be regenerated as a result of operation

over extremely short distances. Via this signal, the
driver is requested to drive as evenly as possible at
increased speed for a short period of time, so that
the diesel particulate filter can be regenerated.

O

351_113
351_113
O OO O
O O O
O OO O
351_112
Reference:

N For information on driving instructions

when the Diesel Particle Filter Indicator
Lamp K231 lights up, refer to the vehicle
owner's manual.
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Engine Management

Glow Plug System

The 3.0L V6 TDI engine has a diesel quick start glow
plug system.

This enables immediate starting, like that of a
gasoline engine, without a long glow period under
practically all climatic conditions.

Advantages of this glow plug system include:

e Reliable starting at temperatures down to -11°F
(-24°C)
e Extremely rapid heating time:

— Within two seconds, a temperature of1832°F
(1000°C) is reached at the glow plug

e Controllable glow and post-start glow temperature
e Self-diagnosis-capable
e On-Board Diagnosis Second Generation.(OBD I

The Automatic Glow Time Control Module J179

is provided with information by the ECM for the
glow function. The glow period, the glow duration,
the initialization frequency and the on-off ratio are
therefore determined by the ECM.

Automatic Glow Time Control Module J179 functions
include:

e Switching the glow plugs with a PWM signal

® |ntegrated over-voltage and over-temperature
shutoff

e |ndividual plug monitoring:
— Detection of over-current and short-circuit in
the glow circuit
— Glow circuit over-current shut-off
— Glow electronics diagnosis

— Detection of an open glow circuit in the event
of glow plug failure

——e

30

J317 | —

J623

& 9179

P —— Qi4
— G
—— Q12

J179 Automatic Glow Time Control Module
J623 Engine Control Module (ECM)

J317 Power Supply Relay (terminal 30, B+)
Q10-Q15 Glow Plugs
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I Supply Voltage

s Ground

B Control Signal from J623
Il Diagnostic Signal to J623



Engine Management

Glow Plugs Q10 - Q15

The Glow Plugs Q10 — Q15 are made up of the plug -

body, the connecting pin, and the heating element PI ‘
. . . u |
with heating and control coil. Bogy .'5|

In comparison with conventional, self-regulating glow
plugs, the coil combination, comprised of the control
coil and the heating coil, is approximately one-third

shorter. This has enabled the glow period to be Heating
reduced to two seconds. Element

The glow plugs have a rated voltage of 4.4 V.

Control
Note: Coil
,5 Never apply 12 volts to the glow plugs

to check function. Refer to Guided Fault

v Conventional
Glow Plug

Glow Plug with
Shortened Coil
Combination

® Finding or the Repair Manual for correct 2
glow plug testing procedures. Heating [ o120
Coail 351_119
Glowing

After switching on the ignition, the Glow.Plugs Q10
— Q15 are switched on via the Automatic Glow Time fs
Control Module J179 by the ECM ata temperature
of less than 68°F (20°C). During the initial glowing

Note:

Post-start glowing stops:when engine
coolant temperature reaches 95°F (35°C).
Post-start glowing is interrupted after a

phase, the Glow Plugs Q10 — Q15 are operated at a O maximum of three minutes.

voltage of approximately 11V for a maximum of two

seconds. They are then supplied with the voltage

required for the relevant operating status by the

Automatic Glow Time ControkEModule J179. To relieve - -

the onboard power supply, glow plug initialization is 2012 1100 35

phase-offset. Y 100 (_\ 30
() —
S 1832 1000 »S

- -t

Post-Start Glowing Vo o g

2 15 83
o _ _ € 1652 900 | | 9
Post-start glowing is carried out each time after [ 10
. . . 1562 850 |—|

the engine has been started, in order to minimize °

combustion noise and reduce hydrocatbon i s

emissions. Glow plug initialization is corrégted by the Time (Seconds) 351_121

ECM depending on load and engine speed.
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Exhaust Treatment

System Overview

Substantial emission and fuel consumption

reductions have been made through engine design
modifications. Greater reductions in emissions are
done through aftertreatment of the exhaust gases.

In addition to the known components such as the
oxidation catalyst and diesel particulate filter, new
components are used to minimize nitrogen oxide
emissions.

The exhaust system consists of a close coupled
oxidation catalyst, the coated particle filter, the active
exhaust gas aftertreatment system, as well as the
muffler.

Heated Oxygen
Sensor (HO2S) G39

Exhaust Gas Temperature (EGT)
Sensor 1 G235

EGR Temperature Sensor G98

Combustion
Chamber Pressure

Sensors for
Cylinders 2,5
G678, G681 ;

Oxidation Catalyst

Diesel Particulate Filter

70

Sensor 3 G495
~ “ Exhaust Pressure

The following sensors are integrated into the exhaust
system:

e Sensors for temperature measurement upstream
and downstream of the oxidation catalyst,
downstream of the diesel particulate filter

e Differential pressure sensor for detecting the soot
level

e NOX'sensors upstream ofthe oxidation catalyst
and downstream of the DeNox Catalytic converter

The exhaust gas aftertreatment is checked with the

help of these sensors.

NOx Sensor Control
Module J583

-

2

Engine Control
Module (ECM) J623
NOx Sensor G295

Bank 1 Exhaust Gas
Temperature (EGT) Sensor
2 G448 (BIN5 only)

Catalyst Temperature
Sensor 1 G20

\\\:.

Exhaust Gas Temperature (EGT)

Sensor 1 G450 &

Exhaust Gas Temperature
(EGT) Sensor 4 G648

Reducing Agent
Injector N474



Exhaust Treatment

The exhaust gas aftertreatment system consists For this purpose, a 32.5% urea/water solution is used
of the DeNox catalytic converter, the injector for as a reducing agent (the reducing agent is referred to
the reducing agent, as well as a tank system for as Diesel Exhaust Fluid. ), which is injected into the
the supply of the reducing agent together with a exhaust system in small quantities.

reducing agent supply unit and reducing agent lines.

Due to the additional DeNox catalytic converter
located downstream of the oxidation catalyst and the
diesel particulate filter, nitrogen oxide emissions can
be nearly eliminated.

DeNox catalytic converter = catalytic converter that reduces nitrogen oxide

- nx \olkswanan a -

Engine Control Module (ECM) Private CAN Tank with:
Reducing Agent Tank Sensor G684
<\ Reducing Agent Temperature Sensor G685

Reducing Agent Tank Heater Z102

Reducing Agent Pump V437 with:

Reducing Agent Metering System Pressure Sensor G686
Reducing Agent Pump Heater Z103

Reducting Agent Reversing Valve N473

NOx Sensor 2 Control Module J881

NOx Sensor 2 G687

428_027

DeNox Catalytic Converter
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Exhaust Treatment

Diesel Particulate Filter
Design

The diesel particulate filter is comprised of a
honeycomb ceramic matrix made from silicon carbide
placed in a metal housing. The ceramic matrix itself
has many small channels that run parallel to each
other and are alternately connected. In this way, inlet
and outlet channels are created that are separated by
filter walls.

Function

Since the channels are sealed alternately in the
direction of flow from the inlet and outlet side, the
carbon soot contaminated exhaust gas must flow
through the porous filter walls made from silicon
carbide. When this happens, the carbon soot particles
and not the gaseous components are retained in the
inlet channels.

The filter walls, made from silicon car%@%ﬁ@e VO‘kSWagenAGd

porous. The silicon carbide bodyégodoated with a
mixture of aluminum oxide g&%} peroxide.

Q?%
This mixture serves agbg carrier layer for the catalytic
converter. The Carrleflayer is coated with the
precious metal plaﬁnum which acts as the catalyst.
A catalystis a suﬁstance that promotes or hinders a
chemical reactu@n without changing itself.

Carrier Layer
(Aluminum Oxide/Ceroxide)

336_154
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Outlet Channel
Filter Wall

S nog
9,
QrQO@
Q
%
%, Metal Housing
()
%
2
6// E] JJ:..J/\
iz Q.9 5
, %%,

325-021

Soot Particles
in Inlet Channel

Platinum

6‘3"1\

336_204



Exhaust Treatment

Coated Zones

The diesel particulate filter must be long enough to
provide sufficient storage volume for the carbon soot.
In addition, it must be coated W|th @Az@t\tallnsaé@@;ypé
of platinum in order to atw\i‘ﬁe deswed catalytic
effect. The catalytlc g@ﬁ‘tmg of the diesel particulate
filter is separate@%ﬁ\‘wto zones across the length of the
filter. c\*&@
&
In the front zone, there is a large quantity of platinum
and in '_@Oe rear zone there is less platinum. The
followifig are advantages from the zone-like coating:

s

'S

* Inmnormal operating modes of the engine, the
digsel particulate filter heats up quickly in the front
aréa. Due to the high concentration of platinum in
thqéii front zone of the catalyst, the filter has a very
fast catalytic effect. The diesel particulate filter
res%onds quickly.

* In re(%eneration mode, the rear area of the
diesef?garticulate filter becomes very hot as the
carbon soot is burned off. Due to these high
temperat&’ﬁgs the platinum gets broken down
over a penog@f time. Therefore, expensive raw
material is not u@e;l as intensively at the reAiZone.

e Another reason for re‘abg;gd use of platinu ’-
the rear zone is the aging o? thediesel partlcuﬁta*&f?@‘2
filter. During operation, more and more ash
particulates from regeneration stay in the filter.
These impair the catalytic effectiveness of the

platinum.

\OP

Regeneration

The diesel particulate filter must be cleaned of
carbon soot particles regularly to prevent it from
becoming blocked, inhibiting its function. During

Oesf?o, ;che regeneration phase, the particulates that have
aév;;amulated in the particulate filter are burnt off

OX|d|é?3§1|)
O

/‘
With regen@ﬁatlon of the catalytic coated particulate

filter, passive @enera*aon and active regeneration
are separated. T@;re are no signs to the driver that
regeneration is oceurring.

e

S,
e
(o]
O,
>
@
Q
o
°
S
[0]
o
o}
>
[0
2]
(7]
o
Q
s
S
3
£
§
S
S
O3
S
O

-]

Rear Zone
336_010

Front Zone
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Exhaust Treatment

Passive Regeneration o
%8
With passive regeneration, the carbon sogb\bartlcles
are burned off continually without mtegyén’uon from
the engine management system. The“particulate filter
is positioned in close proximity to&gﬁe engine. This
assures that exhaust gas tempe'r,gqcures of 660-932°F
(350-500°C) are reached duringchighway driving.

The carbon soot particles are c§nverted into carbon
dioxide by a reaction with nitr@gen oxide. This gradual
process occurs slowly and coftinually through the
platinum coating, which Work§ as a catalyst.

oxsW

agen AG. Volkswagen AG %
es

O,
tvg(/g/_(3
C

From the oxides of nitrogen pré@ent in the exhaust
gas (NOX) and oxygen (02), mtrog@:p dioxide (NO2) is
produced via the platinum coating. N’@g( + 02 reacts
to NO2. The nitrogen dioxide (NO2) rea%is with the
carbon (C) of the carbon soot particles. A%a result,
carbon monoxide (CO) and nitrogen monof%de (NO)
are formed. NO2 + C reacts to CO + NO. The carbon
monoxide (CO) and nitrogen monoxide (NO)%ombine
with oxygen (02) and form nitrogen dioxide @102
and carbon dioxide (CO2). CO + NO + 02 regcts to

ou

NO2 + CO2.

2 c%’
=) o
2 Q
E 3
S E
g
S
- . N
Silicone Carbide Carrier Layer (Aluminum
Body Oxide/ Ceroxide)
Q&Q
O&
@)
o
N\
Filter Wall

Inlet Channel

Platinum

.

Outlet Channel

336_184
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Exhaust Treatment

Active Regeneration

With active regeneration, the carbon soot particles
are burned off through a targeted increase in the
exhaust gas temperature by the engine management
system. In city traffic, which produces low loads

on the engine, the exhaust gas temperatures for
passive regeneration of the particulate filter are

too low. Since the carbon soot particles cannot be
broken down, deposits build up in the filter. As soon
as a certain level of carbon soot deposits is reached
in the filter, active regeneration is initiated by the
engine management system. This process lasts for
approximately 10 minutes. The carbon soot particles
are burned off to carbon dioxide at an exhaust gas
temperature of 1110-1200°F (600-650°C).

Carrier Layer (Aluminum
Oxide/ Ceroxide)

With active regeneration, the carbon soot particles
are burned off by high exhaust gas temperatures.
When this happens, the carbon from the soot
particles oxidizes with oxygen and forms carbon
dioxide. C + O2 reacts to CO2.

Platinum

Outlet Channel

336_186
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Exhaust Treatment

Function of Active Regeneration

The carbon soot particles are retained in the inlet

i When the carbon soot level reaches a predetermined
channels. The engine control module can detect imit,

limit, the engine management system initiates active
the level of carbon soot in the particulate filter regeneration.
by evaluating the signals from the mass air flow

sensors, the temperature senders before and after

the particulate filter, and the exhaust pressure
Sensors.

agen AG. VoikswagenAG

Partu&gldfésﬁlter Empty = low reswt’h’n@e to exhaust flow
M

w

S

Signals to ECM
Mass ‘bir Fl;)w Exhaust Pressure
(M \F Sensor G70 Sensor 1 G450
@
Exhaust Gas Exhaust Gas
emperature (EGT) T gemperztg&giGT)
§ensor 3 G495 : I ensor
g "
c
g
2 336_042
: -
()
3 g
o% Particulate Filter Full = high resistance to exhaust flow*
EN &
) |
\ g Signals to ECM
Exhaust Pressure
Mass Air Flow
1 G450
(MAF) Sensor G70 Sensor
Exhaust Gas T T Exhaust Gas
Temperature (EGT)
Sensor 3 G495

Temperature (EGT)
Sensor 4 G648

336_042
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Exhaust Treatment

Engine Management Duringv
D . > A%
Initiation of Active Regeneration
$
(ZJ)\
g
From the flow resistance of the pgﬁticulate filter, the
engine control module can detect the level of carbon
o
soot deposit in the filter. A high#low resistance
indicates that the filter is in danger of becoming
blocked. The engine control m<§jule initiates an active
regeneration process. To do this:

0Ses

e Exhaust gas recirculation is %Nitched off to raise
the combustion temperature«g>

¢
%
)
9@
e An extended injection period is |n|t173:ted after a
period of main injection with reduoed’@gantlty
at 35° crankshaft angle after TDC, in ordgbto

“
increase the exhaust gas temperature 6/440/0 ""f
(9) 336_126

Pg
’IOS»ZOJd O\d Uef)e

e The intake air supply is regulated by the throttle
valve

. . 336_120
e The charge air pressure is adapted so that the
torque during regeneration does not change
noticeably by the driver
These measures lead to a targeted, brief increase in
336_122

the exhaust gas temperature to approximately 1150°F
— 1200°F (600°C — 650°C). In this temperature range,
the collective carbon soot oxidizes to carbon dioxide.
After this active regeneration period, the particulate
filter is ready for operation again and can begin
filtering carbon soot out of the exhaust gas.

77



Exhaust Treatment

DeNox Catalytic Converter System Operating Principle

The DeNox catalytic converter reaches its 356°F (180°C) operating temperature a feworpinutes after engine start.
When the Exhaust Gas Temperature (EGT) Sensor 4 G648, upstream of the DeNox catalytie.converter, transmits
this temperature information to Engine Control Module (ECM) J623, the reducing agent can bé:injected (metered
in) by the Reducing Agent Injector N474" Different chemical processes take place as the reducingsagent travels to
and through the DeNox catalytic converter.

First, if the reducing agent is injected into a hot gas flow, the water evaporates.

CO(NH2)2 + H20 — CO(NH2)2 + H20
Reducing Agent — Reducing Agent

This is followed by thermolysis®, during which urea decomposes into ammonia and isocyanic acid.
CO(NH2)2 — CO(NH2)2
Urea — Urea

If hot surfaces are available, the fsocyanic acid can be converted into carbon dioxide and another ammonja
molecule through hydrolysis**.

HNCO + H20 — HNCO + H20
Isocyanic Acid + Water — Isocyanic Acid + Water

(NO2) from the exhaust flow to form nitrogen nitrogen (N2) and water ( ).

NO + NO2 + 2NH3°>> NO + NO2 + 2NH3
Nitrogen Oxide + Nitrogen Dioxide + Ammonia — Nitrogen Oxide + Nitrogen Dioxide + Ammonia

Ammonia is stored in the DeNox catalytic Gonverter and reacts with the%ogen oxide (NO) and nitrogen dioxide

The water needed for the reaction is available in the exhaust flow as a product of the engine combustion
processes. Thus, two ammonia molecules can be gained from one urea molecule and used for reactions on the
reduction converter.

Reducing Agent Injector N474

Reducing Agent Spray Cone

428_076

NOx Sensor 2 G687

DeNox Catalytic Converter

Mixer 428_033

*Thermolysis = A chemical reaction where a chemical substance breaks up into several chemical substances when heated.
** Hydrolysis = Splitting a chemical compound using water.
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Exhaust Treatment

Diesel Exhaust Fluid (Reducing Agent)

An extremely pure, transparent 32.5% urea/water solution is used as reducing agent, which is marketed in
Europe under the brand name AdBlue® and in the U.S. under the designation Diesel Exhaust Fluid.

The reducing agent is non-hazardous, non-combustible, biodegradable, and categorized in the lowest water
hazard class. It is not a hazardous substance or hazardous material.

Properties:

e [t freezes at 12°F (-11°C)

e At temperatures of approximately 158 — 176°F (70 — 80°C), the reducing agent decomposes and there can be
objectionable odors due to the development of ammonia

e Because of its unpleasant odor, aged reducing agent can be distinguished from the fresh solution, which is
nearly odorless

e Aged reducing agent or other foreign material added to the tank is recognized by the NOx sensors in the
exhaust system qenAG. Volkswagen
e Escaping reducing agent crystq]llm\éé faormlng white salts O@Sno;

e The reducing agent has @d\ﬁ’gh penetration ability and reaches the n‘%&gpwest spaces due to the capillary effect
'b

2 @
: o‘@ %
Handling: gb @,&2
8 %,
e Use the DleseiQ@Exhaust Fluid (reducing agent) released by Volkswagen/Audi acc@:dlng to Volkswagen standard
and DIN 700?0 Foreign media can damage the DeNox system.

e Do not reuse drained reducing agent to prevent impurities.

g

[}
Q,
e The reduc‘uﬁg agent should be added to the tank using only the released tools and céntainers specified by the
o =
from the tool kit. >
= 3
£ s
- [0}
2 2
=
=
=
)
©
3
%
)
%
, 428058 428_073
ey, Diesel Exhaust Fluid
SileY)
d 2.6 gallon (10 liter) Containers
Diesel Exhaust Fluid Refill Bottle 0.5 gallon (1.89 liter) :
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Reducing Agent Tank System

The reducing agent tank is manufactured from plastic
and is located beneath the spare wheel well. The Reducing Agent
tank has a capacity of approx. 4.4 gallons (16.7 liters) Delivery Module

Filler Neck

Reducing Agent
Heater Control

Breather and
Ventilation System

Module J891
701‘
Qz/&fe -
Reducing Agent Ins glon
Resevoir Processing *@OO
Unit G698 N
@&4‘
..
Z

Reducing Agent Tan%

)
el
()
s¥
5]
3
Heated Supply . 9
Line to Injector for e Sa24 032 Securing Tray :’:D
Reducing Agent & &
2 @
2 &
2 o]
o =
© s
S E
e Reducing agent delivery module — thé delivery serves to protect the reducing agent from hlghgnd
module contains the sensors and actuators for low ambient temperatures. Sé’
delivering the reducing agentthrough th@system e Breather and ventilation system — the redumﬁg
e Reducing agent level evaluation unit — the/“czo agent tank system is virtually sealed frorm?ne
evaluation unit measures the fluid level in th@% outside using breather and ventilation ss’?stem
o i
reducing agent tank. oo;,(/@ connections. Radaki ing agent tang @Pessure
e Control module for reducing agent heater — the 4’44%0 compensation tdkés place OVG}F@'OHQ period of
control module actuates the reducing agent tank m]@,ld .@\,ueﬁ

system heaters.
e Polypropylene foam insulation — the insulation

When filling the reducing agent tank, a sufficiently large expansion volume is necessary for the
reducing agent in the tank. Only the intended containers and filling systems guarante the correct
filling speed and prevent overfilling the tank. These containers ensure that all gases from the tank are
trapped in the containers and do not enter the atmosphere.

Always use the VAS 6542 bottle to ensure correct filling of the tank.
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Reducing Agent Delivery Module

The reducing agent delivery module is secured with locking lugs in the tank and a locking ring on the upper side
of the tank. The folleéwing components are integrated into the delivery module:

Reducing Agent Reducing Agent PumpV437

Reversing Valve
N473

Connection for the Delivery
Line for Reducing Agent to

Reducing Agent the Injector

Metering System
Pressure Sensor G686

Reducing Agent Reservoir
Sensor G697 and

Reducing Agent Temperature
Sensor G685

Electrical Connection -
Reducing Agent Pump
Heater Z103

Locking Ring

Electrical Connection -
Reducing Agent Resevoir
Sensor G685

S424_024

Rear View View from Below

Reducing

Agent Metering
2 System Pressure
= SensorG686

Reducing Agent
Reversing Valve
N473

S424_054 Filter

Reducing Agent
Pump V437

S424_053
Delivery Unit

Locking Lugs
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$§6§} 4%390
K ”
& %,
S %,
5’ %S
. o, 2
Delivery Unit %,
£ %
N 2,
=3
) >
g
o
gc Supply Line to Reducing 3
— Agent Pump V437 Return Line from Reducing
S Agent PumpV437 ¢
[0
(2]
o
=
>

[eX
Electrical,/gonnection
for Reducing Agent
Reservoir énsor G697

and Reducing Agent

Temperture S’@sor
G685 %’0 Locking Ring
2,
()
%,
) Seal

Heater Wires in the
Suction Lance

Suction Lance

Reducing Agent Tank

Heater 2102
Delivery Unit

Reducing Agent
Flow Direction

Splash Slot

S$424_005

Reducing

Locking L
ocking tug Agent Tank

Filter

The reducing agent is sucked out of what is called the delivery unit via a suction lance and a filter by the reducing
agent pump. The filter is intended to avoid damage to the SCR system caused by particles of dirt in the reducing
agent. A heater in the delivery unit ensures that SCR operation is possible even at low exterior temperatures.

Any reducing agent flowing back from the pump drips back into the delivery unit on the outer side of the suction

lance.

The reducing agent enters the delivery unit from the tank via splash slots. At low temperatures, the splashing
motion of the reducing agent from the delivery unit thaws out the frozen reducing agent in the tank.
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Schematic Structure of the Reducing Agent Tank System

Reducing Agent
Heater Control

Module J891
Reducing
) Agent Pump
Engine Control Heater 2103
Module J623
Reducing Agent
Reversing Valve
N473
Reducing
_ Agent Pump
/ V437
_I Filler Neck
/.‘:.‘-.‘-.‘-.'ﬂ.. e
Reducing Agent - A -
Resevoir processing

unit G698

Reducing Agent
Line Heater 2104

/ |
¢

Metering s

System Return
h
/ VZ Pressure E.I
/ " J Sensor A \ -~ J
q ‘k G686 &’i
Heater Coil / \ \ .
\ \ Reducing Agent Tank
. ) Filter Heater 2102
Reducing Agent Reducing Agent
[ Reservoir , - frm—
9% Sensor G697 I
Reducing
Agent
Temperture o
Sensor G685 o
Reducing 5424018
‘Agent e
Injectcjﬁ N474 ovY
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Reducing Agent Pump V437

The pump for reducing agent is a diaphragm pump. It
is driven by a brushless direct current motor.

The pump for reducing agent is integrated into the
delivery module housing and is actuated by the
engine control module.

Tasks \}Q\QJ
>

&

. , . . S
The pump fgr reducing agenfts tasks dlffeiqg%pendlng %
on the position of the reversing valve: & 54262400
)

@ Reducing Agent Pump V437
e \When the ignition is switched on an§the operating

conditions for the SCR system are r§et, the pump
delivers the reducing agent from thg tank to the

. S Control Electronics
injector at a pressure of approx. 5 bar.

Diaphragm Pump

e \When the diesel engine is switche(%off, it pumps
the reducing agent out of the delive%/ line from the
injector and back into the tank. ©

o
gs*
05s0U}0a1100 SN OVO°

S
2
. %
How it works o
S

é
The engine control module actuates the motéa&wr[h

a pulse-width-modulated signal. The motor dnvé@the
diaphragm pump via a connecting rod. \When the SOEZjR
system is active, the reducing agent is sucked out of %’M

the tank via the diaphragm pump and is pumped into ’@ﬂsesgjgjgrrent Motor_
the delivery line.

S424_046

Effects in the event of failure

If the pump for reducing agent fails, the SCR system
is unable to function.

The exhaust malfunction indicator lamp K83 (MIL)
and the diesel exhaust fluid® warning display for
system faults in the dash panel insert display are

i Diaphragm Pump
switched on.

S424_050
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Reducing Agent Metering System
Pressure Sensor G686

The pressure sender for reducing agent metering
system is attached to the delivery module. It
determines the current for the reducing agent
delivery pressure and transmits a voltage signal to
the engine control module.

Reducing Agent
Metering System
Pressure Sensor G686

S424_065

Signal Use

Based on the signals, the engine control module ageV\AC
calculates the reducing agent pressure in T@S(ﬂ\ﬁe to

the injector. This enables the engine Q\@ﬁ’?rol module

to regulate the pump motor’s spegﬁ and adapt the
pump’s required delivery rate. \

/
/ S424_065

@

N

N 6.
(%) Z.
8 Z

Effects in the event of fﬁlure %
@

E;
S Voltage-pressure chart %
If the signal from the p@ssure sender for reducing (transmission function)

agent metering systenw fails, reducing agent metering j‘;

is switched off. The SCR system is unable to 2 40
C —
function. The exhaust'q_@missions warning lamp K83 ps -
. . . . (=2} !
(MIL) and the diesel exhaust fluid warning display »
for system faults in theédash panel insert display are % 20
switched on. % § 10
12 1.5
% 0,0
%o -1 1] 1 2 3 4 5: 6 \)? 8 9
% Reducing agent pressureﬁbar) 5424022
2 R
%9 \?@0
02’/4 NG
%, ®)
ol &P
%, \\@}*
.J,fo,oo/r ‘\Q\( 85
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Reducing Agent Reversing Valve
N473

The reversing valve for reducing agent is a 4/2-way
directional control valve. It is integrated into the
reducing agent delivery module.

Task

When the diesel engine is switched off, the reversing
valve for reducing agent reverses the direction of
reducing agent delivery. As a result, the reducing
agent is returned from the delivery line to the
reducing agent tank. This precautionary measure
prevents the reducing agent from freezing in the
delivery line and in the injector at low exterior
temperatures.
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Exhaust Treatment

\onase” AG.Volkswagen dog
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8/701
How it Works 8 Ve,
N @@o,
When the diesel engine is switched off, the reversi&(tf;aj6 The pump motor, which only rotates in one%ﬁggction,
valve for reducing agent reverses the direction > pumps the reducing agent from the delivery Iin@)gack
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of reducing agent flow. To achieve this, the Iiftiqr;ﬁ into the reducing agent tank.
magnet is actuated via a coil. The coil is actugfed

by the engine control module. Via a guide %%’te,

the lifting magnet then switches the valvegfo the

“emptying” position.
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"Delivery" Position "Emptying" Position

Reversing Valve for
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To the Delivery Line/ t \ 5424085 From the l 424_086

Injector From the Delivery Line Return to the
Reducing Agent Reducing Agent

Tank Pump Motor Tank

Effects in the event of failure

In the event that the reversing valve for reducing agent fails, the reducing agent may possibly freeze in the
delivery line and in the injector at low exterior temperatures.

If the valve remains in the “emptying” position, pressure build-up in the system is not possible. The exhaust
emissions warning lamp K83 (MIL) and the AdBlue® warning display for system faults in the dash panel insert
display are actuated.

The process for emptying the delivery line takes approx. 60 seconds. The vehicle battery must
not be disconnected during this time, as the risk of reducing agent freezing in the delivery line at
low exterior temperatures may occur.
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Exhaust Treatment

Reducing Agent Reservoir
Processing Unit G698

The reducing agent level sender is a sensor with four
stainless steel level sensors. It is located directly in
the delivery unit.

The evaluation unit evaluates the signals from the
reducing agent tank sender and transmits a pulse
width-modulated signal (PWM signal) to the engine

Reducing Agent
Reservoir processing
unit G698

control module. It is secured externally, to the top of N
the tank. e
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Task Q)&@ 5.
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N Z
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The evaluation unit uses the signals from»fﬁ]e 3
. . 2 o
reducing agent tank sender to determmgthree %
different reducing agent tank levels. The-three %
different measured level values are required for 3
. . . S . Q
different display warning stages for refilling the e
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reducing agent. %’f’, Reducing Agent R voir . C%;*
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The four stainless steel level sensors serve the
evaluation unit as operating and reference electrodes.
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Exhaust Treatment

How it Works
The electrical conductivity of the reducing agent The resistance between the two measuring sensors
between the fluid level sensors (working electrodes) changes due to the presence and absence of
and the reference electrode is used to determine the wweaM%%emggls change in resistance is
tank’s fluid level. 6@)\‘0 registered by the evaluatlérpymt and is processed
)
Q\K\o‘\6 as a signal for the engine contr?ﬂ’egwodule ‘Splash

At short intervals, the evaluation unit applles an conditions” are electronically * damp?ecned by the
alternating voltage to the working eIectrodEs and the evaluation unit. %f)
reference electrode. § %‘6

SQQ) Refilling is detected by the system after a c?eilay due
An electrical current is able to flow between two to the “electronic damping' Z
fluid level sensors (working electroﬁe and reference f%

. 4 .
electrode) when both are |mmersed in the reducing In order to point out to the driver that reducing ‘%gent
agent. § should be replenished in the event of low fluid levels,

gi the engine control module transmits a signal to the
Based on the electrical conductivity, the evaluation control module in Instrument Cluster Control I\/Ié;blule
(]
unit determines whether the ﬂuid%evel is above or J285. ;:B
below the relevant measuring sensor 5*
Instrument Cluster g
Control Module &
J285 S
§.
>N
PWM Signal
N
|
l.— -+
—— Reducing Agent
Resevoir Processing
& Unit G698

Auxiliary Electrode Engine Control Module (ECM) J623

Reducing
Agent 5424_045

Working electrode

"Lower Level" Working electrode

Working Electrode Upper Level

"Middle Level"
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Exhaust Treatment

Warning Example for Declining Fluid Level

If the fluid level falls below the “middle level” measuring sensor, the evaluation current between the “middle
level” working electrode and the reference electrode no longer flows via the reducing agent medium but via

the auxiliary resistor belonging to the “middle level” working electrode. The current also flows via the relevant
auxiliary resistor in the case of the “upper level” working electrode. The current flows via the reducing agent

in the case of the “lower level” working electrode. The auxiliary resistor’s resistance is many times higher than
that of the reducing agent. From this changed resistance value, the evaluation unit recognises that the fluid level
has fallen below this level. This signal is processed by the evaluation unit and transmitted to the engine control
module.

In order to point out to the driver that reducing agent should be replenished in the case of this level, the engine
control module transmits a signal to the control unit in dash panel insert. In the dash panel insert display, the
driver is requested to fill up with fluid via a warning lamp, and the remaining range which can still be covered is
displayed. The remaining range is calculated by the engine control g@@dw\ﬁeVO‘kSWagenAGd

O O 00’94@
The auxiliary resistors also serve to diagnose open cw\gm)ﬁs and to check plausibility. The measurm’@‘@prlnmple does
not function in the case of frozen reducing agent as no reliable resistance value can then be determlr*?ecd
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Effects of Signal Failure

If the tank sender signal fails, the reducing agent tank’s fluid level cannot be registered. However, the SCR
system remains active. The diesel exhaust fluid warning display for a system fault lights up in the display and the
exhaust Malfunction Indicator Lamp (MIL) K83 is switched on.
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Reducing Agent Heater System

Due to the possibility of the reducing agent's freeziggﬁ_Wﬁyggeeﬂg\r(;temperatures, the reducing agent tank, the
pump for reducing agent and the line to the\ilr@j\-;%“t%gr are each equippeaowwg}g heater.

Q! 4,
0<\996 ‘3*@,)/@
The heater system enables rapid %@ system operational readiness in the event o%fgzen reducing agent and
. . . . Q
ensures an adequate quantity g@‘ﬁwawed reducing agent at all operating points.. q,

Reducing Agent Heater
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Control Module J891 2

()
N
N
QO
]
(o)
<
%)

Reducing AgentHeater Control
Module J891

Orin Whg

The control unit for re§ucing agent heater controls
the electrical power squpply for the SCR system’s

heaters. It is located on the upper side of the _
reducing agent tank a@ is actuated by the engine " $424.048
control module. '

2
i

) g
2 Reducing Agent Heater S
Engine Control Modulé(ECM) J623 Control Module J891 Battery

i
& !
'}Ilv V| |[fEs Sl

$424_071

Reducing Outside Air Reducing Agent  Reducing Reducing AGent
Agent Temperature Tank Heater Agent Pump Line Heater
Temperature  Sensor G17 2102 Heater 2103 2104

Sensor G685

Design

The engine control module recognizes the reducing agent’s heating requirements from the Outside Air
Temperature Sensor G17 and the Reducing Agent Temperature Sensor G685.

It then actuates the Reducing Agent Heater Control Module J891, which activates the electrical power supply for
the heaters. The engine control module receives feedback regarding the electrical heater current actually flowing
from the Reducing Agent Heater Control Module J891.
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The control unit for reducing agent heater activates the SCR system'’s heaters.

The heater control system is sub-divided into two heater circuits.

Heater Circuit 1

Heater Circuit 2

Activation

If the temperatures in the tank or in the
ambient air are less than =7 °C (19 °F),
the heater for reducing agent tank is
activated via the control unit for reducing
agent heater by the engine control unit.

If the temperatures in the ambient air are
less than -5 °C (23 °F), the heater for
pump for

reducing agent and the heater for
reducing agent line are activated via the
control unit for reducing agent heater by

Heating Period
far Thawing

At temperatures from -7 °C to =13 °C
(19 to 9 °F), the heating period is approx.
20 minutes. At temperatures of =25 °C
(-13 °F) and below, the heating period
may increase up to 45 minutes. In this
case, the reducing agent is actively
thawed in order to attain

At temperatures below -5 °C (23 °F), the
heating period is approx. 100 seconds,
increasing to 21 minutes at tempera-
tures of —25 °C (-13 °F).

Readiness
Heating

At temperatures below -7 °C (19 °F), the
heating period for thawing is always
followed by readiness heating. This takes
approx. 5 minutes. Readiness heating
serves to ensure that an adequate
guantity of thawed reducing agent is
provided at all operating points.

2

Effects of Signal Failure

If the control unit for reducing agent heater fails, the reducing agent may freeze at low exterior temperatures. The

exhaust emissions warning lamp K83 (MIL) is switched on.
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—

Reéucmg Agent Tank Heater 2102

es,in

Heater Connection

The @eater for reducing agent tank is a heater
elemgnt with a PTC resistor. PTC resistors have their
h|ghe%t conductivity when cold. They have a positive
tempe%ture coefficient (PTC). This means that
their re§ustance increases as the temperature rises,
leading tcf?@ reduction in the flow of current.

%,
The heater eleﬁgent is cast in plastic and is Iocated
directly in the regﬂ@mg agent tank's delivery r _
heater is actuated by%eoenglne control mod " ia
the final output stage.

- dge)
\*mauoo apor®

o
JOSJOJCI OV uebe

Task

The heater for reducing agent tank has the task

of heating the reducing agent in the delivery unit

in the case of low exterior temperatures or low
temperatures in the reducing agent tank, in order to
enable metering readiness for the SCR system in a
short space of time.

Reducing Agent Tank Heater 2102 $424.020

How it Works

If the temperatures in the tank or in the ambient air
are less than =7 °C (19 °F), the heater for reducing
agent tank is activated via the final output stage by
the engine control module.

Effects of Signal Failure
S424_037
If the control unit for reducing agent heater fails,
the reducing agent may freeze at low exterior
temperatures. The exhaust malfunction indicator
lamp K83 (MIL) is switched on.

Heater Element
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Reducing Agent Pump Heater Z103

The reducing agent pump heater is also a heater Heater Surfaces
element with a PTC resistor. PTC resistors reveal
their highest conductivity when cold. They have a
positive temperature coefficient (PTC). This means
that their resistance increases as the temperature
rises, leading to a reduction in the flow of current.

The heater element is cast into the delivery module
and is located in the area of the pump for reducing
agent, the reversing valve and the connection to the
delivery line. The heater for pump for reducing agent
is actuated by the engine control module via the final
output stage.

Contacts for

Task Heater Connection

AG.Volkswagen 4
The heater for pump for\(@@j@‘%é\ agent has the Gdoesn of

task of heating the \ge??ucmg agent in the area of the 9"%,,
pump for reduc;mg agent, the reversing valve and ‘
the connecgf&n to the delivery line in the event of

low extem@r temperatures. This ensures reliable SCR

)
systemyoperation even at low exterior temperatures. 2 $424.035
A VA
(50 Heate%Surfaces
g % Contacts for
s Y Heater Connection
§ 3
~ =

|-

How it Works g
5 Effects of Signal Failure

[0}
If the temperature of the ambient air is less than -5

ou

°C923 °F) the heater for pump for reducing agent If the control uni%’for reducing agent heater fails,
[eR
is activated via the final output stage by the engine the reducing agent may freeze at low exterior
conﬁol module. temperatures. ﬁwe exhaust malfunction indicator
< lamp K83 (l\/llE) is switched on.
% $
o, N
% &
% &é’
", N
,///‘O 0'\
0. ¥50
O $
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Exhaust Treatment

Reducing Agent Line Heater 2104

The heater for the reducing agent line is a stainless steel resistor wire. The resistor wire is wound in the form of

a spiral around the delivery line and is protected from the outside by a plastic tube. The heater for reducing agent
line is actuated by the engine control module via the control unit for reducing agent heater.

Heater Wires-
Reducing Agent Line

Film

= Outer Protective Sleeve

e

for Reducing
Agent

Heater Wire Connector

S424_044

6&44
%
%
2,
3
®
>
Task How it works %,
3
(D
The heater for reducing agent ,Igje has the task of If the temperature of the ambient air is less tfi@n
heating the reducing agent in tﬁe delivery line to the -5 °C (23 °F), the heater current for the heate:%’*for

injector in the event of low exté;;ior temperatures. reducing agent line is activated via the controi?unit for
This ensures reliable SCR syste%w operation even at reducing agent heater. 5
low exterior temperatures. %

2
%,
Effects in the event of failure 69
(o)
7</O’

v/

If the control module for reducing agent‘k@eater
fails, the reducing agent may freeze at low @gterlor
temperatures. The exhaust malfunction mdlcato@@
lamp K83 (MIL) is switched on.

IOS’IOQJOJCI
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Reducing Agent Temperature Sensor G685

The temperature sender for the reducing agent is

a sensor with a negative temperature coefficient
(NTC). ltis located in the housing of the reducing
agent tank sender and measures the temperature of
the reducing agent in the delivery unit.

Signal use

The engine control module uses the signal from the
reducing agent temperature sensor to switch on the
heater for the reducing agent tank and the heater for
pump for reducing agent.

Reducing Agent
Temperature Sensor G685

\@Nagen AG.Volkswagen 4 g dog
o

S424_056

Sn,
66‘0\! O[ Y.
NS Q
o s
N 0,
) 2,
& %
How it works S Resistance in kQ 2,
g 2,
‘f 80,00 -
The temperature sender is @?esistor wire with a I
negative temperature coefﬁcient (NTC). This means 65 _\
that the sensor's electric§ resistance decreases as ' \\
the temperature of the r§jucing agent increases. \
The engine control module uses the resistance signal 40,00 \\
to calculate the current _‘éfmperature of the reducing k\
»n
agent. o
g 20,00 N
5 ~——
. . o —
Effects of signal failure % l —
3 0,00 S —
o < -10 0] 10 Zgﬂ, 30 40
The gxhaust emlssmn_s warﬁigg Ia_mp K83 (MIL) and Temperature in °C 5424090
the diesel exhaust fluid warning display for system N
faults in the dash panel insert J’rtgglay are switched &{\QOQ
on. {‘5&, g
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Exhaust Treatment

Reducing Agent System

Instrument Cluster Display

The display for the reducing agent system is located
in the instrument cluster display. It illuminates to
prompt the driver to add reducing agent or provide
warning when problems develop in the system.

Federal standards require that the vehicle not start
under the following conditions:
e There is not enough reducing agent in the tank

e Reducing agent metering (injection) is not possible

due to system errors

e The reducing agent quality is inadequate
e There are deviations in the reducing agent

consumption (leaks)

Radio WJR 4 AdBlue 4 600 mi

Please Refill Refill AdBlue!

AdBlue!

13486 mi 356.2

No Engine Start
in 600 mi!

14986 mi  1856.2

D4 +71°F D4 +71°F

S424_028 edit

Exhaust Gas After-Treatment Display Strategy

nAG. VolkswagenA

If the reducing agent quantity in the tank drops below a certa;e\\ﬁl‘lj?(%vel the driver is pr&%pg;d to add reducing

9,
agent by three warning stages. {\666 %f?f
\i\‘\o 6’@o
— (@
. . " >
Remaining Acoustic NG i . <,
. > Driver Instructions %
Range Warning 2
< 1500 mi 1 x gong These instructions with the white filling bottle appear when the reducing gggnt
(2400 km) ) quantity is only sufficient to drive for the remaining range specified in the tex&
Please Refill %
SdEive! The driver is prompted to refill reducing agent. An acoustic warning signal %
[)
sounds as an additional alert. 1‘3‘%
13486 mi 3562 %
D4 +71°F 1
< 600 mi (1000 1 x warning AdBlue & ;'00 mi These instructions with the yellow filling bottle appear when the reducing agent i
km) buzzer AR quantity is only sufficient to drive for the remaining range specified in the text. 3
o
No Engine Start The driver is prompted to refill reducing agent. Additionally, the driver is notified LE
in 600 mi! d
that, after the remaining driving range, it will no longer be possible to start the -
. I
13926 ™ 187516;; vehicle once the engine is turned off. An acoustic warning signal sounds as an§5"
additional alert. 2
0 mi (km) 3 x warning AdBlue These instructions with the red filling bottle appear when there is no more §
buzzer AL reducing agent left in the tank. The driver is notified that engine start is no@
Engine Start Dp053|ble and prompted to refill reducing agent. Three successive warn\)gd@
Not Possible
sigpals sound as an additional alert.
15586 mi  2456.2 %.
P +71°F /Q@J/f
Uo/r
'0'9109
10,
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Exhaust Treatment

The Use of Incorrect Reducing Agent

If the reducing agent tank is filled up with a medium other than reducing agent diesel exhaust fluid, the NOx
sensor can detect a reduced DeNox catalytic converter efficiency. In this case, the driver is notified as follows in

the instrument cluster display:.

Remaining Acoustic ) . .
. Dash Display Driver Instructions
Range Warning
< 600 mi 1 x warning These instructions with the red filling bottle appear when it
(1000 km) buzzer . is only possible to drive for the remaining range specified in
No Engine Start the text. The driver is natified that, after the remaining driving
In 600 mi! . . . H
range, it will no longer be possible to start the vehicle once the
15586 mi 2456.2 . .

p e engine is turned off.

0 mi (km) 3 x warning AdBlue The driver is prompted to visit the nearest qualified workshop.
buzzer Check AdBlue! An acoustic warning signal sounds as an additional alert. These

Engine Start instructions with the red:filling bottle appear when incorrect

not Possible! . . . e . .
filling has been detected. The driver is notified that it will no

15586 mi  2456.2 . . . .

- o longer be possible to start the vehicle once the engine is turned
off and prompted tovisit the nearest qualified workshop. Three
successive warning’signals sound as an additional alert.

Note:
4 When this information appears in the Touareg instrument cluster display, at least two 0.5 gal.
(1.89 liter) diesel exhaust fluid refill bottles must be added to the tank. With this reducing agent
® quantity and after a waiting time of approximately two minutes, the system recognizes refilling

98

and the engine can be started again. The graphical representations of the displays and filling
quantities refer to Touareg. In other models, the displays and filling quantities can differ.
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Dealing with Reducing Agents

.. For the Customer

When driving a lot under load (mountain driving,
trailer operation), the reducing agent consumption
can rise. Therefore, the low reducing agent display in
the instrument cluster may come on earlier. In this
case, provisions are made that allow the customer
to refill the diesel exhaust fluid independently be
pouring in two diesel exhaust fluid refill bottles (0.5
gal [1.89 liters]).

The diesel exhaust fluid is available at a Volkswagen
dealer and at some designated gas stations. For
refilling purposes, an adapter must be screwed onto
the diesel exhaust fluid refill bottle. After opening

.Volksw;
the diesel exhaust fluid refill bottle, the bottle can\nga@e“AG algenAGdo@é

screwed onto the filler neck of the reducm%@@ént
tank. (b\“o

\Q)%%
The valve in the adapter opens as@ result of the
pressure acting on the bottle agﬁthe reducing agent
can flow into the active tank. B’me displaced gases in
the reducing agent tank entg}fs the ventilation system
of the reducing agent tank. g&t the beginning of the
cold season, the tank sho%-?d always be filled with
reducing agent. This ensuges that the contents of the
tank last throughout the C_SId part of the year.

Note:

Please observe the current operating
instructions when handling the diesel
exhaust fluid refill bottle as well as the
vehicle labels indicating its use.
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... for the Workshop

The reducing agent tanks must be refilled either To refill the system, the reducing agent filling

when the customer is prompted or at regular equipment VAS 6542 is screwed onto the filler neck
scheduled service intervals. To determine the correct of the reducing agent tank and the reducing agent
service interval, please refer to the owner'’s literature container. A ventilation line is integrated in the filling
for the vehicle. line, which ensures the ventilation of the reducing

agent tank and the container.

(agenAC-VolsWagenag
oK

Sno
Q‘O\) ¢ Q[’Qr

<
Please note %agfthe container must hang at least
28 in. (700 mm) a%@/e the filler neck of the reducing
agent to ensure reliable filling.
A

A

SET740

428_079
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Glossary

Glossary

Diesel Exhaust Fluid (Reducing Agent)

Diesel Exhaust Fliud describes a reducing agent that
is mixed to the exhaust gas to reduce certain exhaust
emissions. It is a non-hazardous solution.

May be sold under the brand name AdBlue®

Diesel Exhaust Fluid Refill Bottle

It is a refill bottle for the reducing agent diesel
exhaust fluid, which has a special cap.

DeNox Catalytic Converter

The description DeNox stands for “nitrogen oxide
reducing.” During this chemical reaction, not all of
the exhaust gas components, but only‘the oxides of
nitrogen are reduced.

Piezo

Piezo is derived from Greek and means to “squeeze?
A special crystal is used that generates a measurable
voltage in response to pressure. Alternately, when a
voltage is applied, the length of the crystal changes.
This effect is utilized in common rail injection
elements.

PSG

This abbreviation stands for “Pressure Sensor Glow
Plug.” It refers to a glow plug that is also able to
sense the pressure on the inside of a cylinder.

102

Reed Contact

It is a_specialiswitgh, that operates contact-free. The
contact is operated by a magnetic field acting from
the outside, which is electrically generated by a
permanent magnet (reed contact) positioned nearby
or in an associated solenoid coil.

Reducing Agent Metering System Control Module
J880

It is wired discretely and responsible for the heater
of the diesel exhaust fluid systems, which we also
refer to as power output stage for the tank heating
system.

Oxides of Nitrogen

The general chemical term stands for nitrogen and
oxygen compounds. (NO, NO2) They are forned
in the engine during the combustion processes
and are partly responsible for causing harm to the
environment. i




Knowledge Assessment

An on-line Knowledge Assessment (exam) is available for this Self-Study Program.

The Knowledge Assessment may or may not be required for Certification.

You can find this Knowledge Assessment at:

www.vwwebsource.com

For Assistance, please call:

Volkswagen Academy

acen /Certification:Program Headquarters
83/70,
Qz/a
o 1-877-491-4838,_
o

qovs"
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Cautions & Warnings

Please read these WARNINGS and CAUTIONS before proceeding with maintenance
and repair work. You must answer that you have read and you understand these
WARNINGS and CAUTIONS before you will be allowed to view this information.

e If you lack the skills, tools and equipment, or a suitable workshop for any procedure described in thistmanual, we
suggest you leave such repairs to an authorized Volkswagen retailer or other qualified shop. We especially urge
you to consult an authorized Volkswagen retailer before beginning repairs on any vehicle that may stjll be covered
wholly or in part by any of the extensive warranties issued by Volkswagen.

e Disconnect the battery negative terminal (ground strap) whenever you work on the fuel system or the electrical
system. Do not smoke or work near heaters or other fire hazards. Keep an approved fire extinguisher handy.

¢ Volkswagen is constantly improving its vehicles and sometimes these changes, both in parts and specifications,
are made applicable to earliermodels. Therefore, part numbers listed in this manual are for reference only. Always
check with your authorized Volkswagen retailer parts department for the latest information.

e Any time the battery has been disconnected on an automatic trangimission vehicle, it wilFbe necessary to
reestablish Transmission Control Modules(TCM) basic settings usiﬁthe VAG 1551¢Scan Tool (ST).
Lz,
e Never work under a lifted vehicle unless it is solidly’supported on stands'designed for the purpose. Do not support
a vehicle on cinder blocks, hollow tiles or other props that may crumble under continuous load. Never work under a

vehicle that is supported solely by a jack. Never work under the vehicle while the engine is running.

e For vehicles equipped with an anti-theft radio, be sure of the correct radio activation code before disconnecting the
battery or removing the radio. If the wrong code is entered when the power is restored, the radio may lock up and
become inoperable, even if the correct code is used in a later attempt.

e If you are going to work under a vehicle on the ground, make sure that the ground is level. Block the wheels to
keep the vehicle from rolling. Disconnect the battery negative terminal (ground strap) to prevent others from
starting the vehicle while you are under it.

e Do not attempt to work on your vehicle if you do not feel well. You increase the danger of injury to yourself and
others if you are tired, upset or have taken medicine or any other substances that may impair you or keep you from
being fully alert.

¢ Never run the engine unless the work area is well ventilated. Carbon monoxide (CO) kills.

e Always observe good workshop practices. Wear goggles when you operate machine tools or work with acid. Wear
goggles, gloves and other protective clothing whenever the job requires working with harmful substances.

e Tie long hair behind your head. Do not wear a necktie, a scarf, loose clothing, or a necklace when you work near
machine tools or running engines. If your hair, clothing, or jewelry were to get caught in the machinery, severe
injury could result.

e Do not re-use any fasteners that are worn or deformed in normal use. Some fasteners are designed to be used
only once and are unreliable and may fail if used a second time. This includes, but is not limited to, nuts, bolts,
washers, circlips and cotter pins. Always follow the recommendations in this manual - replace these fasteners with
new parts where indicated, and any other time it is deemed necessary by inspection.
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Page 1 of 3
© 2002 Volkswagen of America, Inc.
All rights reserved. Information contained in this document is based on the latest information available at the time of printing and is subject to the copyright and other intellectual property rights of
Volkswagen of America, Inc., its affiliated companies and its licensors. All rights are reserved to make changes at any time without notice. No part of this document may be reproduced, stored in a
retrieval system, or transmitted in any form or by any means, electronic, mechanical, photocopying, recording, or otherwise, nor may these materials be modified or reposted to other sites, without
the prior expressed written permission of the publisher.

Version 1.0



Cautions & Warnings

e llluminate the work area adequately but safely. Use a portable safety light for working inside or under the vehicle.
Make sure the bulb is enclosed by a wire cage. The hot filament of an accidentally broken bulb can ignite spilled
fuel or oil.

e Friction materials such as brake pads and clutch discs may contain asbestos fibers. Do not create dust by
grinding, sanding, or by cleaning with compressed air. Avoid breathing asbestos fibers and asbestos dust.
Breathing asbestos can cause serious diseases such as asbestosis or cancer, and may result in death.

e Finger rings should be removed so that they cannot cause electrical shorts, get caught in running machinery, or be
crushed by heavy parts.

o Before starting a job, make certain that you have all the necessary tools and parts on hand. Read all the
instructions thoroughly; do not attempt shortcuts. Use tools that are appropriate to the work and use only
replacement parts meeting Volkswagen specifications. Makeshift tools, parts and procedures will not make good
repairs.

e Catch draining fuel, oil or brake fluid in suitable containers. Do not use empty food or beverage containers that
might mislead someone into drinking from them. Store flammable fluids away from fire hazards. Wipe up spills at
once, but do not store the oily rags, which can ignite and burn spontaneously.

e Use pneumatic and electric tools only to loosen threaded parts and fasteners. Never use these tools to tighten
fasteners, especially on light alloy parts. Always use a torque wrench to tighten fasteners to the tightening torque
listed.

o Keep sparks, lighted matches, and open flame away from the top of the battery. If'escaping hydrogen gas is
ignited, it will ignite gas trapped in the cells and cause the battery to explode.

e Be mindful of the environment and ecology: Before you drain the crankcase, find out the properway to dispose of
the oil. Do not pour oil onto the ground, down a drain, or into a stream, pond, or lake. Consult local-ordinances that
govern the disposal of wastes.

e The air-conditioning (A/C) system is filled with a chemical refrigerant that is hazardous. The A/C systeni_should be
serviced only by trained automotive service technicians using approved refrigerant recovery/recycling equipment,
trained in related safety precautions, and familiar with regulations governing the discharging and disposal ‘of
automotive chemical refrigerants.

e Before doing any electrical welding on vehicles equipped with anti-lock brakes (ABS), disconnect the battery
negative terminal (ground strap) and the ABS control module connector.

e Do not expose any part of the A/C system to high temperatures such as open flame. Excessive heat will increase
system pressure and may cause the system to burst.

¢ When boost-charging the battery, first remove the fuses for the Engine Control Module (ECM), the Transmission
Control Module (TCM), the ABS eontrol module, and the trip computer. In cases where one or more of these
components is not separately fused, disconnect the control module connector(s).

e Some of the vehicles covered by this'manual are equipped with a supplemental restraint system (SRS), that
automatically deploys an airbag in the event of a frontal impact. The airbag is operated by an explosive device.
Handled improperly or without adequate safeguards, it can be acmdentally activated and cause serious personal
injury. To guard against personal injury or aitbag system failure, only tralrg;%f Volkswagen Service technicians

should test, disassemble or service the airbag system.
i
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Cautions & Warnings

e Do not quick-charge the battery (for boost starting) for longer than one minute, and do not exceed 16.5 volts at the
battery with the boosting cables attached. Wait at least one minute before boosting the battery a second time.

¢ Never use a test light to conduct electrical tests of the airbag system. The system must only be tested by trained
Volkswagen Service technicians Usingthe YAG 1551 Scan Tool (ST) or an approved equivalent. The airbag unit
must never be electrically tested while it is not installed in the vehicle.

e Some aergsol tire inflators are highly flammable. Be extremely cautious when repairing a tire that may have been
inflated ywsing an aerosol tire inflator. Keep sparks, open flamé&-or other sources of ignition away from the tire repair
area..Inflate and deflate the tire at least four times before breaking the bead from the rim. Completely remove the
tire.from the rim before attempting any repair.

e When driving or riding in an airbag-equipped vehicle, never hold test equipment in your hands or lap while the
vehicle is in motion. Objects between you and the airbag can increase the risk of injury in an accident.

| have read and | understand these Cautions and Warnings.
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