Service Training

Self-Study Programme 511

The New EA211 Petrol Engine Family

agen AG. olkswagenAGdo
88/7



https://procarmanuals.com

ProCarManuals.com

A new modular strategy has been introduced at Volkswagen with the modular transverse matrix (Modularen Quer
Baukasten), or MQB for short. This allows all vehicle modules in the Polo, Golf and Passat classes to use

standardised components and modules.

A similar modular strategy is now being launched for petrol engines with the new EA211 petrol engine family. This
has been called the EA211 modular petrol engine matrix (Modulare Ottomotoren Baukasten). The engines have a
capacity of 1.0 I to 1.6 I. The basic engine is a 1.4 | 103 kW TSI engine.
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The diagram shows a%umber of details of the new engines which you will become familiar with over the course of

the Self-Study Progrcmrﬁ@ and whose design and function are described. sf
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You can find further |r%@myotlon about the new engifge famlly in Sel@\?udy Programmes No. 508

“The 1.0 1 44/55 kW MPI En%’lm&wnh Intake Manitale |n|ech§;(\b'f\énd No. 510 “The Active Cylinder
el

Management ACT in the 1.4 1,103 ﬁWJH?SI Engine”. gy e

The self-study programme presents the ~ Current testing, setting and repair instructions can

design and function of be found in the provided service literature. Important

new developments!

The content will not be updated. note
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Introduction

Modular Petrol Engine Matrix MOB

The engine installation positions in the vehicle

In the past, the installation position of the engines, for example in the Golf model year 2009, varied widely.
While the previous engine family EAL11 with its 1.4 | engines was tilted forwards and the exhaust system faced the
front end radiator, the other petrol and diesel engines were installed tilting backwards. The exhaust system was
installed facing the bulkhead.

In order to take advantage of the full savings potential, all engines using the modular transverse matrix will now
have a uniform installation position.

The new installation position of the EA211 engines made an overhaul of the basic engine structure necessary.
The engineers took full advantage of this opportunity, developing a new series of engines in line with the modular

strategy.

Advantages of the new modular strategy:

- Uniform installation position

- Standardisation, e.g. of the gearbox connections, cooling system and exhaust system

- Compact engine dimensions

- Reduction of the engine depth by 50mm by tilting the installation position bdck by/122

Golf 6 Adaptations MQB
EA211 engine family

EALll All

engine family engines

Main feature:
- Cylinder head rotated by 180°

Other

engines

Further adaptations:
- Exhaust tract

- Drive shaft

- Gearbox

- Gearshift

s511_128
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The newly developed EA211 petrol engine family

A multitude of requirements need to be implemented when developing new engines.
At the same time, this provides an opportunity to employ technologies which were too costly to utilise in existing
engines.
Volksw

The requirements which have been implemented are: \]o\\ks\Nagen - agenAGdoes o
- Modular structure 0<\5®60 Ue’e,,
- Rotated installation position of the engines%rz}\i\“ o
- Compact design \@Q’% OO%/,
- Reduction in consumption and Therefgi*be CO, emissions by 10 - 20% @&2
- Reduction in the engine weight by\gfp to 30% %
- Compliance with the future EUé‘g?nission standard é%

) ®

Modular design of the 1.4 1103 kW§SI engine with Active Cylinder Management

==/ Rri Camshaft housing

cooler

Exhaust gas
turbocharger with
electric charge pressure

positioner
Ancillary drive

Two-section sump

s511_125

The attributes shared by all engines in the EA211 family are:

¢ Uniform installation position

* Installation of the air conditioner compressor and the alternator, bolted directly onto the sump or onto the
engine block respectively without additional brackets

* Four-valve technology

*  Aluminium cylinder block

* Exhaust manifold integrated into the cylinder head

* Camshaft driven via a toothed belt
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Introduction

Overview of the new EA211 petrol engine family

The 1.0 1 44 kW/50 kW/55 kW MPI engine with intake manifold
injection

This engine was developed especially for the up!

It is available in three power versions, withe44'kW
(CHYA), 50 kW (CPGA) and 55 kW (CHYB).

The 50 kW version is an engine with natural gas drive

for the eco up!

Technical features

Cylinder head with integrated exhaust manifold
Camshaftsdriven by a toothed belt

Coolant pump integrated into the thermostat
housing

Coolant pump driven by a toothed belt from the

Technical dat
exhaust camshaft Y O YN

Inlet camshaft adjustment R ne codd

CHYA CPGA CHYB

Crankshaft oil pump

: . > Desi 3evlinder ini .
Single-section aluminium sump esen cyfinder Iine engine
. . : 3
Valves and valve seat inserts for the engine of the Displacement 999cm
eco up! adapted for natural gas fuel Bore 74.5mm
Stroke 76.4mm
Valves per cylinder 4

10.5:1 |11.5:1 10.5:1

44 kW |50 kW | 55 kW
at 5000 | at 6200 | at 6200

rom rom rpm

95Nm 90Nm 95Nm
at 3000 | at 3000 | at 3000
- 4250 - 4250 - 4250
rem rem rem

Bosch Motronic ME 17.5.20

Super unleaded with RON 95
(Normal unleaded at RON 91
with slight reduction in
performance)

Torque and performance’diagram {37 | Compression ratio
[Nm] [kW] Max. output
120 60
Max. torque
110 50
100 40
Engine management
90 30 Fuel
80 20
—
N
70 10 —, Exhaust gas
5 aftertreatment

1000 2000 3000 4000 5000 6000  [rpm]

CHYA 44 kW
CPGA 50 kW
CHYB 55 kW

Three-way catalytic converter,
a step-type lambda probe
(44/55 kW version), or a
broadband lambda probe

(50 kW version) before
catalytic converter and a step-
type lambda probe after the
catalytic converter.

Emissions standard

EU5
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1.2 1 63/77 kW TSI engine with turbocharger

The 1.2 | TSI engine from the new EA211 petrol
engine family is available in two different power
versions with 63 kW or 77 kW. The two different

power versions is achieved via the software.

Technical features
* Cylinder head with integrated exhaust m
* Camshafts driven by a toothed belt

anifold

* The thermostat housing and the coolant pump

form a single unit

» Coolant pump driven by a toothed belt from the

exhaust camshaft

* Turbocharger with electric charge pressure

positioner
* Inlet camshaft adjustment
* Crankshaft oil pump
* Two-section sump

(upper and lower section made of aluminium)

Torque and performance diagram

[Nm] (kW]

220 80
200 //// 70
180 / 60

I /

160 I \ 50
140 I \ 40
120 30
100 20
1000 2000 3000 4000 5000 6000 [rpm]

CJZB 63 kW
CIZA 77 kW

s51 1052

Technical data

s511 116

Enginecode

CJzB

CIZA

Design 4-cylinder inline engine
Displacement 1197 cm?®

Bore 71mm

Stroke 75.6mm

Valves per cylinder

Compression ratio 10.5:1

Max. output 63 kW at 77 kW at
4300 - 5300 | 4500 - 5500
rpm rem

Max. torque 160Nm at 175Nm at
1400 - 3500 | 1400 - 4000
rpm rpm

Engine management

Bosch Motronic MED 17.5.21

Fuel

Super unleaded with RON 95

Exhaust gas
aftertreatment

Three-way catalytic converter
with one step-type Lambda

probe

ore and one after the

ytic converter

Emissionsstandard

EU5
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Introduction

1.4 1 90 kW TSI engine with turbocharger

The 1.4 1 90 kW TSI engine is hardly distinguishable
from the 1.4 1 103 kW TSI engine on the outside.
However, while both power versions feature inlet

camshaft adjustment, the 103 kW version features

additional exhaust camshaft adjustment.

Technical features

Cylinder head with integrated exhaust manifsid
Camshafts driven by a toothed belt

The thermostat housing and the coolant pump
form a single unit

Coolant pump driven by a#dothed belt from the
exhaust camshaft

Torque and performance diagram

[Nm]

(kW]
260 10

240 90
220 / \ 80
200 / 70
180 \ 60
160 //, \\ 50
140 40
120 \ 30

/ \
100 ’ 20

1000 2000 3000 4000 5000 6000

[rpm]

0

s511_123

s511_117

* Turbochargénwith electric charge pressure

positioner

* Inlet camshaft adjustment

External gear wheel oil pumip with two-stage oil
pressure regulation

Two-section sump

(upper section made of aluminiumZlower section

made of sheet metal)

Technical data

Engine code

CMBA

Design 4-cylinder inline engine
Displacement 1395cm3

Bore 74.5mm

Stroke 80mm

Valves per cylinder 4
Compression ratio 10.5:1

Max. dp_::)ﬁpuf

90kW at 5000 - 6000 rpm

Mox.ﬁwe

200Nm at
1400 - 4000 rpm

Engine management

Bosch Motronic MED 17.5.21

Fuel

Super unleaded with RON 95

Exhaust gas
aftertreatment

Three-way catalytic converter
with one step-type Lambda
probe before and one after the
catalytic converter

Emissions standard

EUS
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1.4 1103 kW TSI engine with turbocharger

The 1.4 1103 kW TSI engine is the basic engine in the
new EA211 petrol engine family. It is available in two

versions, with and without Active Cylinder Manage-

ment (ACT). The power and the torque are the same in

both versions.

Technical features

Cylinder head with integrated;exhaust manifold
Camshafts driven by a toothed belt

The thermostat housing,and the coolant pump
form a single unit

Coolant pump drivén by a toothed belt from the
exhaust camshaft

Turbocharger with electric charge pressure

positioner

Torque and performance diagram

[Nm] [kw]

280 110

/
260 / 100

240
220 80
200 / \ 70
180 / \

160 \ 50
140 / 40
120 / 30
100 / 20

N

90

S~
//

\ 60
\

1000 2000 3000 4000 5000 6000 [rpm]

511 124

s511_117

* Inlet and exhaust camshaftiadjustment

* External gear wheel oil pump-with two-stage oil

pressure regulation

* Two-section sump (upper section made of

aluminium, lower section made of sheet metal)

Technical data

Engine code CHPA CPTA
with ACT
Design 4-¢ylinder inline engine
Displacement 1395cm3
74.5mm

%e 80mm
Valvessper cylinder 4
Compression ratio 10.0:1

Max. output

103 kW at 4500 - 6000 rpm

Max. torque

250Nm at
1500 - 3500 rpm

Engine management

Bosch Motronic MED 17.5.21

Fuel

Super unleaded with RON 95

Exhaust gas
aftertreatment

Three-way catalytic converter
with one upstream broadband
Lambda probe and one
step-type Lambda probe
downstream of the catalytic
converter

Emissions standard

EU5 EU6
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Introduction

The EA211 engines with intake manifold injection or
for alternative drive systems

14166 kW / 1.6 | 81 kW MPI engine with intake manifold injection

These engines with the engine codes CKAA (66 kW)
and CPDA (81 kW) were developed for the markets
outside Europe.

The first use of the 1.6 | 81 kW MPI engine is in
China.

Technical features

* Camshafts driven by a toothed belt

* Camshaft housing features a modular design

* Cylinder head with integrated exhaust manifold
* Coolant pump integrated into the thermostat

housing

s511_129

* Coolant pump driven by a toothed belt from the
exhaust camshaft
* Inlet camshaft adjustment

1.4 181 kW TGI engine (natural-gas)

This engine with the engine code CPWA is being used
in the Golf 2013. It features a bivalent natural gas
drive. The only difference to the 1.4 | 90 kW TSI
engine is the additional components for the natural

gas drive.

Technical features

* One engine control unit for natural gas and petrol
operation

* Electronic gas pressure regulator with a
mechanical pressure reduction level

» Optimised gas injection valve, allowing a start
from -10 °C in natural gas operation

* Valve seat inserts reinforced, hard-faced inlet
valves, valve stem oil seals with a second sealing
lip, resulting in forced lubrication of the valve stem

in the valve guides
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1.4 190 kW TSI Multifuel engine

This engine, with the engine code CPVA, is being used
in the Golf 2013 in Sweden and Finland.

Technical features

Compatible with up to 85% bioethanol

Fuel quality sender for identifying the proportion
of bioethanol in the fuel

Electric engine preheating element in the cooling
system

Valve seat inserts reinforced, hard-faced inlet
valves, valve stem oil seals with a second sealing
lip, resulting in forced lubrication of the valve stem

in the valve guides

1.4 1110 kW TSI engine Hybrid

This engine is being used in dhe Jetta Hybrid with the
engine codes CRJA (Europe) and CNLA (North
American region, NAR),The basic engine is the 1.4 |
103 kW TSI engine.

Technical features

Crankshaft with teeth for connecting to the three-
phase current drive VX54 (electric drive motor)
Vibration damper on crankshaft

Cylinder block and sealing flange on gearbox side
with leadthroughs:for coolant for cooling the
electric drive motor V141 as well as hydraulic
fluid for activating the disengagement clutch KO
Electric air conditionetr.compressor

Alternator and starter functions are carried out by
the electric drive motor VI41

Secondary air system (NAR)

Performance increase to 110 kWawijth the aid of
software modifications

" 511 119

Changes to materials used fotlines for the
crankcase breather, as wellsas the fuel and
activated charcoal receptacle system, due to

ission regulations (NAR)

11
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Engine mechanics

Poly V-belt drive

Depending on the engine and the equipment

Automatic  Alternator
tensioning roller

installed, there are three versions of the poly V-belt pulley

drive.

They are generally driven by a six-rib poly V-belt. In
all engines, the belt pulley on the crankshaft is
equipped with a vibration damper to ensure the

engine runs quietly.

The ancillaries are bolted directly onto the cylinder
block and the sump in order to save space.
No additional brackets are necessary. i

12

The air conditioner compressor and the Poly V-belt
alternator are driven electrically in the
& 1.41110 kW TSI engine in the Jetta
8 Hybrid. There is no poly V-belt drive. C.mnk.Shcﬂ pulley with Air conditioner
) vibration damper
0 compressor
< .Volksw. pulley
g \\«5\“"‘geﬂ - 39€NAG g, s
\|O Noy
% ‘%eém 90‘949
= Versions of the poly V-belt drive 0\\«0‘\ O/@@O
] Q;oc’(b f@ko
@ Tensioning of the poly V-belt drive by ... S 3-cylinder engine with 4-cylinder engine‘with
9 S 9 ]
% 7 intake manifold injection | direct injection TSI - 94
£ g@ MPI %,
Z
A flexible and tensile ) - without A/C compressor ~-en %
oly V-belt without tensioning roller <@ - without BlueMotion )
poly 9 g 3,
N technology o
2 =
= S
< 3
0 Q
- 3
A rigid tensioning roller g - with A/C compressor o= g’m
=1 - without BlueMotion +
&(’% technology §°
g £
] S
3
N
S

An automatic tensioning roller

/D\}’
with BlueMotion
technolo

. bher |- ind &eﬁdent of whether
N\g@ﬁﬁ\qlr conditioner

with BlueMotion _, -
technology '
independent of
an air conditionef==

N 5511 133

"Empressor is installed >

compressor is installed
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Toothed belt drive

The camshafts are driven by a maintenance-free toothed belt. It is tensioned using an automatic tensioning roller,

which uses contact shoulders at the same time to guide the toothed belt.

An idler roller on the tension side and the special shape of the camshaft sprockets in the 3-cylinder engine, or

camshaft gearwheel in the 4-cylinder engine respectively, ensure that the toothed belt runs smoothly.

1.41103 kW TSI engine

Gear wheel exhaust camshaft
with camshaft adjuster

camshaft with camshaft
adjuster

Automatic tensioning roller

Idler roller

CTC crankshaft sprocket
(in 1.2 I and 1.4 | engines)

s511_103

Engine versions | Gear wheel Effects
3-cylinder Tri-oval A certain amount of force is required to open the valves of a cylinder. This force also
engines camshaft acts'oh the'toothed belt drive every time the valve is opened, and at higher speeds will

sprockets cause it to vibrate. To minimise the strong vibrations which are typical for 3-cylinder

engines in particular, special’‘camshaft gears have been employed. It has been
) designed with a larger radius, af intervals of 120° (tri-oval).
@
©

4-cylinder Oval A so-called CTC crankshaft sprocket is installed’in the 4-cylinder engines. CTC is an
engines CTC crankshaft abbreviation which stands for Crankshaft Torsionals Cancellation, meaning the tensile

sprocket forces and vibrations from the crankshaft are reduced.

B During the working stroke, the toothed belt is slackened slightly due to its smaller
radius. This reduces the tensile forces and lowers the vibrations of the toothed belt
drive.

Advantages

- The lower toothed belt forces allow the tension force of the tensioning rofler to be reduced.

This results in lower friction and mechanical stress on the entire toothed belt drive.

- The reduced, level of vibrations allows the togthed belt drive to runteven more quietly.
o)

13
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Engine mechanics
I ——————

Cylinder block

The cylinder block consists of cast aluminium and has been designed as an open-deck version. Open deck means

that it has no webs between the outer wall of the cylinder block and the cylinder liners.

The has the advantage of:
- not allowing air bubbles to form in this area, which - cylinder deformation is kept low when the cylinder
would lead to ventilation and cooling problems head is bolted to the cylinder block. The piston
rings can easily compensate this low level of

cylinder liner deformation, and the consumption of

oil is reduced.

\«swage“A G'Vomsw"’]ge”“Go/o@
. . . S .
The galleries for the 0||®g{é§)§ure supply, the oil return plp@ﬁ’%d the crankcase breather have been cast into the

cylinder block. Th\ig\w‘g’guces the number of additional componerﬁ?s‘@gs well as the amount of machining required.
> o
5 2

Cylinder barrel

Duct for internal
crankcase breather

5

S
o
©
w
<
)
=
<
=
a
O
o
S
o

Cylinder block

Untreated

cast surface s511_015

Crankcase breather

Grey cast iron cylinder liners

The grey cast iron cylinder liners are individually cast In addition, this ensures that there is a firm fit between
into the cylinder block. Their outer surface is very the cylinder block and the cylinder liner.

coarse, which increases the surface area and

improves the transfer of heat to the cylinder block.

14
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Crankshaft group

The crankshaft group was designed for low, moving masses and low friction. The weight of the crankshafts,
conrods and the pistons has been so well optimised that the balancer shaft, otherwise standard in three-cylinder

engines, could be omitted.

Upper conrod bearing with

trapezoidal shape \

Conrod

Conrod b§
The conrods are frogtjre -split. In the area subject to a
lower load, the up@er conrod bearing has a
trapezoidal desngn This reduces the weight and the

friction even fugher

npart orin wh

Pistons, pistqp rings, piston pins

The pistons are made from die-cast aluminium.

The piston crown features a flat design, because a
wall guide for%e inner mixture formation, normally

standard in the EA111 engines, has been eliminated.

Along with reduc%d weight, the combustion heat is
also distributed ove} the piston crown more evenly,
and misfires are fhus’prevented

The installation toleronc@,/of the piston rings was
increased, and friction fher&ﬁore reduced.

~_Piston and
0 - 0 oil scraper rings

Pistons

Hollow-bored conrod
journals

Crankshaft

Cracked conrod
(conrod and conrod bearing cap) with
bearing shells

Crankshafts Ao,

Cast crankshafts have bé;n used in the MPI engines,
which are subject to a |owe; load, and forged crank-
shafts have been used in ’rh%TSI engines.
Furthermore, they are disting@;shed by the number of
bearing points, the counterweights and the diameters
of the main mounting and conr%d bearings.

In the 1.4 | 103 kW TSI engine, which is subject to a
higher load, this is, a forged s’reél crankshaft. It
features five bearings, four cougferweigh’rs and a
main bearing and conrod bear&%g diameter of

48 mm. To reduce the weight %ren further, the conrod
journals are hollow-bored. TQ%ether, these measures
reduce the inside forces on 1$|e crankshaft and

therefore the load on ’rhe@oln bearings.
O

)
&
\@&
N

15
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Engine mechanics

Cylinder head

During development of the aluminium cylinder head, priority was given to enhanced use of the exhaust gas energy

to ensure a fast engine warm-up phase.

Technical features

4-valve technology
Cross-flow cooling

Design

Integrated exhaust manifold
Designed for alternative fuels

The cross-flow cylinder head allows the coolant to flow from the inlet side to the exhaust side via the combustion

chambers. It is divided into two sections above and below the exhaust manifold. It flows through several ports,

absorbing the heat. It flows from the cylinder head into the thermostat housing, mixing with the remaining coolant.

Exhaust side

Exhaust port

Integrated exhaust manifold

Lower cooling area

Integrated exhaust manifold
The féur exhaust ports within the cylinder head have been combined into one centtal flange in the integrated

Intake side

Upper cooling area

s511_147

exhaust manifold. The exhaust gas turbocharger is bolted directly onto this flange.

This design has several benefits:

The coolant is warmed up by the exhaust gas while
the engin&is warming up. The engine reaches its
operating temperature faster. This reduces fyek

consumption, and/the vehicle interior can be
heated sooner.
Due to the smaller exhaust-side wall surface
extending to the catalytic converter, the exhaust
gas looses little heat during the warm-up phase.
This allows the catalytic converter to heat up to
operating temperature faster, despite the cooling

effect of the coolant.

When the system is operating at full capacity, the
exhaust manifold and the exhaust gas are cooled
even more, and the engine can be operated in a
larger consumption-optimised and exhaust-
optimised lambda=1 range when operating at full
capacity.
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Camshaft housing
. .Volks
De5|gn S\NagenAG o wagenAGdoe
\3\10\\6 Shoy
86\0 Qoefa
The camshaft housing is made of cast aluminium and, @ﬁefher with the two camshafts, forms an |nfegrﬁdomodu|e
The modular design involves assembling the ccmshd?ts directly into the camshaft housing. As the cams no?%pger

have to fit through the bearing points, it is poss@i'e to design very small bearings. ‘9&

X

N
&
)
N
S
<
@
2
=

Camshaft housing

Bearing point

Qil supply hole

Deep-groove

11 164
ball bearing s>11_16
Advantages of smaller bearing points Qil supply to the bearing points
- lower friction in the bearings and The sleeve bearings are supplied with oil from oil
- higher rigidity. supply holes.

Grooved ball bearing

To reduce friction, the first bearing of that particular In the event of a repair, the camshaft
camshaft, which is subjected to the highest load from housing is replaced together with the
the toothed belt drive, is a grooved ball bearing. camshafts.

The grooved ball bearings are secured
O by a snap ring, however they cannot be

replaced.

17
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Engine mechanics

Advantages of the 4-valve technology

__~ AG.Volkswagen a ~

Valve gear %
@3% \

A 2
The EAQﬁengine family is generally equipped with 4-valve technology. /%/,.
In this fg&mily, the inlet valves are installed at an angle of 21°, and the exhaus?g/olves at an angle of 22.4°,
crrcn\g\@ed overhead of the combustion chamber. The valves are actuated by roﬁjgr rocker fingers with hydraulic
supp§rﬁng elements.

<

Hydraulic supporting

=
o
©
[0}
o
<
3
Q
(7]
o
1=
>
o
)
o)
) element
<
%
[}
e

Roller rocker fingers

®
2
Z

Exhaust co‘r’r/?éhaﬂ

Inlet camshaft

Inlet valve

Exhaust valve

s511 151

Other features

Good cylinder charging and discharging
High power yield with a small capacity

Low fuel consumption due to high efficiency
High torque and pulling power

Quieter operation

The valve stems have been reduced to a diameter
of 5 mm. This results in fewer moving masses and
fewer friction losses due to lower valve spring
forces.

The valve seat angle is 90° on the inlet side and
120° on the exhaust side, which contributes to an
increase in the wear resistance for alternative
fuels, e.g. natural gas.
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Variable valve timing

All EA211 engines employ stepless inlet camshaft adjustment, engines with an output of 103 kW or more have
stepless exhaust camshaft adjustment as well.
The camshaft adjuster directly on the camshafts carries out the adjustment according to the engine load and speed.

They are adjusted by the valves for the camshaft adjustment, which are integrated directly in the oil circuit. The two
Hall senders are used to identify the adjustment angle.

Hall sender G300 (exhaust side)

Camshaft control valve 1 N205 (inlet side)
Hall sender G40

inlet side
Exhaust camshaft control valve 1 ( )

N318

End cover for exhaust
camshaft adjuster

Plug for inlet camshaft

adjuster
0
& %Oo
Camshaft adjustment versions & 049
& 2
& 2
Engine version g Inlet camshaft adjustment Exhaust camshaft adjustment
()
=
1.0144/50/55 kW MPI engmg@ Stepless up to a crank angle of 40° - %
B [(})
T
1.2163/77 kW TSl engine and - c ancidof 50° B &
1.4190 kW TSI engine S P R "Y' ° S
- [¢]
- 8
141103 kW TSI engine < =
with/without Active Cylindér Stepless up to a crank angle of 50° Stepless up to a crank angle o§40°
Management é é,)?
= =
© S
Camshaft adjuster seals and attachment §5*
To ensure no engine oil finds %cs way onto the toothed belt, the camshaft adjusters are sealed. This is done by a

o
rubber seal on the end cover o?ithe exhaust camshaft adjuster and one on the plug for the inlet camshaft adjuster.
Both camshaft adjusters are aﬂcdaed using securing bolts on the camshafts.

N
(2N
L
Both bolts have a right-handed fhréf%d S
,/@ N
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Inlet and exhaust camshaft adjustment

The basic design of both camshaft adjusters is identical.

Special features of the camshaft adjusters

Vane-type adjusters e,
The camshaft adjusters function according to the 3 Housing
vane-type adjuster principle. Depending on which of

o ] Chamber 1
the two chambers the oil is guided to, the rotor turns d
and the camshaft turns with it. 5 — Chamber 2
The adjustment is stepless. 4

Rotor
\‘0\\«5\Nag€ — Gear wheel
& s511 222
S‘K\O [&@o

Exhaust camshaft adjuster return Iy "o,

. %
Exhaust camshaft adjuster %,

Q
e If the engine is to start quickly, no residqu@cses may 5,
8 enter the cylinders. To ensure this happgﬁos, : J//é _
N the exhaust camshaft adjuster is locked'in the “early efum%rmg
—_— (@)
(':E; position” and the inlet camshaft adjyster is locked in %
c the “late position” when the engines switched off. %
<
CEU The exhaust camshaft adjuster is set to a position B,
E which is opposite to the direction of engine rotation. S
j @
O Due to the large adjustment anglg up to a 40° crank s511 223 %
o angle, the oil pressure alone mo%;nof be sufficient Adjustment direction for §
ol enough for this. ‘é “Engine off” a
= [7]
A return spring on the exhaust camshaft adjuster 2
assists the oil pressure when being set in the “early &
2 :
position”. % 5
) s
© S
o, N
® S
%, K
,@/0 @\\)Q
Locking o) %, Q\\\@O
. . . (o), : on
When the engine is switched off, the exhaust ‘/’4%04 B Gear wheel
camshaft adjuster is locked in the early position and g, -
the inlet camshaft adjuster is locked in the late ousing
position. This prevents adjustment of the camshafts Locking
during the engine start, and the engine starts faster. mechanism
Furthermore, it prevents noises when the engine is
starting.
& s511_268
Rotor J Return spring
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Valve timing

The use of an inlet and exhaust camshaft adjuster allows the valve timing to be optimized to the requirements of
the engine. This is because, depending on the engine's operation, different opening and closing times provide

important advantages.

Valve timing for the exhaust valve Valve timing for the inlet valve
40° in directioncof late 50° in direction of early
VGIVG |IH H _
9mm
Max. N::'X'
adjustment \ adjustment
‘— Basic position
Basic position
Max. valve
overlap @
=
Imm !
=
AN 0
H‘deHHHHHHH‘DC‘/HHHHHHH‘EDdHH
25° 15° 28° 25°15° 22° 14° 36°  Crank angle [°]
Speed/ Pressure ratio Valve Effects
load range intake manifold/ overlap
exhaust system
Idling Intake manifold None - Very few residual gases in the cylinder, producing quiet
pressure lower than the running.
exhaust back pressure
Low speed/ Intake manifold High - Residual gases are drawn out of the exhaust system into
low to medium load | pressure lower than the the cylinders.
exhaust back pressure - The throttle valve is opened further to ensure there is an
adequate supply of fresh air for the torque required.
- The engine is dethrotiled, the fuel consumption falls.
Low speed/ Intake manifold High - Fresh air is forced into the cylinders, residual gases are
high load pressure higher than forced out.
the exhaust back - Due to a low proportion of residual gas, the rated torque
pressure due to charge is reached at a low engine speed.
pressure - Improved response by the exhaust gas turbocharger
and reduced tendency to knock.
Medium engine Charge pressure Low - When pressure ratios are equal, a larger
speed/ approximately equal to valve overlap has little benefit.
medium load exhaust back pressure
High speed/ Charge pressure lower | Low - No residual gases forced back despite high exhaust back
high load than the exhaust back pressure, preventing any disadvantageous mixture
pressure formation.
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Air duct system

The fresh air is guided into the cylinders via the air filter directly on the engine, the exhaust gas turbocharger,
the throttle valve module, the intake manifold with integrated charge air cooler, the inlet ports and the inlet valves.

Special features of the air duct system

- The intake connecting pipe features resonance chambers which reduce the vibrations produced in the intake
system during the intake process. Depending on their frequency, vibrations can lead to a variety of noises.

- The inlet ports have been designed to ensure good air flow control with low flow resistance.

- The charge air is cooled by a charge air cooler, through which coolant flows, located in the intake manifold.

- A nozzle is attached to the air filter in the 1.4 | 103 kW TSI engine with Active Cylinder Management in the

Polo Blue GT, in which condensation collects and drips out via a membrane once a certain quantity has been

reached.

Resonance chambers
Exhaust gas turbocharger ™
Air filter

&
o
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s511 166

Throttle
valve
" control

- ‘: unit

Intake manifold
with infegrated
charge air cooler

Drainage pipe Diaghragm valve

s511_167
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Exhaust gas turbocharger

An exhaust gas turbocharger is used for charging in the TSI engines in the EA211 engine family. This was designed
for a high torque at low engine speeds and a fast response. This allows the 1.4 | 103 kW TSI engine to reach its
maximum torque of 250 Nm at just 1500 rpm.

A special feature of the charge air system is its Charge air system

compact design. This means the exhaust gas
turbocharger has to compress:a smaller volume and
the required charge pressure is reached faster.

_ :
Charge air cooler

Exhaust gas turbocharger

Every exhaust gas turbocharger was newly developed for their respective engine and the corresponding power.
While the basic design with the air duct system, the lubrication or the cooling is identical in all versions, they differ
in the dimensions of the turbine and compressor wheels. Another difference between them is found in the charge
pressure positioners. They can'be replaced individually, however the attachment to the wastegate and the basic
setting after replacement differ according to the engine.

Features of the exhaust gas turbocharger:

- Small turbine and compressor wheel diameter with Wastegate attachment
correspondingly low moments of mass inertia. Coolant return

- Material designed for a maximum exhaust gas Coolant supply
temperature of 950°C.

- Integration into the coolant circuit of the charge / =\ - \

air cooling to keep the temperature at the shaft
bearings low once the engine has been switched
off.

- Connection to the ail circuit for lubrication and for
cooling the shaft bearings.

- Activation of the wastegate for charge pressure
control by an electrical charge pressure positioner

with integrated position sender.

s511_225
Charge pressure Exhaust gas turbocharger
positioner

Qil lines
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Charge pressure positioner V465

The advantages of the electric charge pressure
positioner in comparison with the pneumatic charge

pressure control solenoid valve are:

Actuation of the
wastegate flap

- Afast adjustment time and therefore faster charge

pressure build-up.

- A high actuation force, as a result of which the
wastegate remains firmly closed, even in the event
of high exhaust gas mass flows, in order to achieve
the specified charge pressure.

- The wastegate can be actuated independently of

the charge pressure. This allows it to be opened in
Electrical charge
pressure positioner with
The basic charge pressure drops and the engine integrated position

the lower engine load/speed range.

has less charge cycle work to do. sender

s511 224

Further information on the elecirical charge pressure positioner V465 can be found in,Self-Study
Programme No. 443 “The;1.2 | 77 kW TSI engine with turbocharger”.
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Exhaust gas turbocharger versions

Engine version Diameter Diameter Max. charge Charge pressure positioner
turbine wheel compressor wheel | pressure adaptation
according to map

1.2 163 kW/ 33.6mm 36mm 1.7 bar (63 kW) Fault reader

77 kW TSI 1.0 bar (77 kW)

1.4 190 kW TSI 37mm 40mm 1.8 bar -+l Threaded rod preset,
vehicle diagnostfic tester

141103 kW TSI |39.2mm 41mm 22 bar Favult reader

with/without ACT
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Oil circuit agen AG-Volkswagen 4

\\QS\N S n
(o)
‘0\; fgl/

The oil circuit, which refers to the path ’rcke\goby The oil when being guided to the engine, ’?@é/ery similar in all
engines in the new EA211 engine fdmlq}{?

OK\
S

\v*\@b Qil supply
Q§° camshafts
There are differences: N

- according to oil pump ’rypecﬁnd drive,

- according to the oll presstBe regulation type
- whether an oil cooler is lfsfolled and

whether an exhaust gas ﬂerocharger is installed.

art

Oil pressure
switch for
reduced oil
pressure F378

(o}
c
%)
[}
]
Q
=
5
o
)
o
® Main oil gallery
2
2
oo% Oil supply
7 crankshaft
2
Q)
o)
<,
7
T
%)
O’/{/
G,
.J/fo,oo

Oil filter

P60y, s511_170

The table shows which oil pump has been used for which engine, how it is driven and how the pressure is
regulated.

Engine version Type of oil pump/drive Type of regulation

1.0 1 44/50/55 kW MPI engine
and

1.2 163 kW/77 kW TSI engine

Duocentric oil pump

A pressure regulating valve in the
Driven directly by the crankshaft

oil pump housing regulates the oil
pressure to a constant pressure of
approx. 3.5 bar.

The oil quantity pumped depends on
the engine speed.

1.4190 kwW/103 kW TSI engine External gear oil pump

Driven by the crankshaft via a chain
drive

The quantity of oil being pumped is
adapted by the oil pump according to
the load and engine speed. This allows
for two-level oil pressure regulation at
1.8 and 3.3 bar respectively.

Further information about the duocentric crankshaft oil pump can be found in Self-Study Programmes
No. 508 “The 1.0 | 44/55 kW MPI engine with Intake Manifold Injection” and
No. 196 “The 1.4 116 V 55 kW Engine”.
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Engine mechanics

External gear oil pump

An external gear oil pump is being used in the 1.4 |
TSI engines. It featuresevery efficient Speration and
contributes to'fuel savings and CO, reductions.

The oilypump is bolted onto the upper section of the
sump and operates in two pressure stages of approx.
1.8 bar and 3.3 bar depending on the load and
engine speed.

It is driven by the crankshaft via a maintenance-free
chain drive without a chain tensioner.

The respective oil pressure is regulated by the oil
quantity pumped.

Advantages of the two-level oil pressure and
oil quantity regulation

- The drive output of the oil pump is lowered
because the oil pump only pumps as much oil as is
required.

- Oil degradation is reduced, because less oil is

being circulated.

Crankshaft

Sump (upper
section)

Oil pump Chain drive

Sump (bottom

section) Driven by crankshaft

s511_202

|
approx. 1400 rpm 4000 rpm

150 Nm

Pressure requirements
I Oil pressure unregulated (1.0 | and 1.2 | engines)
I Oil pressure regulated in two levels (1.4 | engines)
Low pressure stage

High pressure stage
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The components in the two-level oil pressure regulation

External gear oil pump

The housing and the housing cover are made of
aluminium and feature several control ports for oil
pressure regulation. Depending on how the control
piston and the slide unit are pressurised with oil from
the oil circuit via the control ports, the quantity of oil
being pumped and the oil pressure will change.

wa
\o¥®
The control piston and the sléd@umt
&“"‘\

The oil is actually pur@{sed by two intermeshed gear
wheels (pump gec@f

One pump gecr& located on the drive shaft, which is
driven by the cmznkshaﬂ via a chain.

The second pump gear is located on a shaft which
can be mow?d longitudinally. The pump gear and the
shaft form gle slide unit.

The slide unit allows an influence to be exerted on the
delivery rcﬁe and the delivery pressure in the oil

circuit. =

UO

The posmongof the slide unit is determined by the
pressure ratt acting in the chambers to the left and
right of the slﬁe unit.

The pressure rc’ﬁéo depends, in turn, on the activation
of the control pls%ﬁ

Oil strainer  Control ports

Control
piston

Drive wheel oil pump Slide unit

agen AG. VoikswagenAGd
Oes

Pomhon%;llde unit at max. oil delivery quantity

/Control ports

Control piston

Pump wheel

s511 247
Chamber

Slide unitawith
>

pump ge@r
(7]
2
Position of slide unit at min. oil:delivery quantity

s511_248
Chamber

Chamber Slide unit with
pump gear
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Valve for oil pressure control N428

The valve for oil pressure control is actuated by an )

B
accordance with the load and engine speed. A valve
is used to switch between the two oil pressure stages ~ H

by alternately supplying the various control ports of

earth signal from the engine control unit in

the oil pump with oil.

The valve features the following switch states:

- If the valve is actuated, it opens the control port to
the oil pump and pumps at the low oil pressure
stage of 1.8 bar. NN

- If the valve is not actuated, the port is kept closed Valve for oil pressure control N428
by spring pressure and the oil pump and pumps at

the high oil pressure stage of 3.3 bar.

Oil pressure switch for reduced oil pressure F378
and oil pressure switch F1

The two oil pressure switches allow the engine control unit to monitor the ‘6il‘pressuresat the respective oil pressure
stage. If the oil pressure exceeds a certain threshold, the .corresponding oil pressure switch 8pens and the engine
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control unit receives a signal. This then transmits a message on the CAN bus and the engine oil pressure warning
lamp K3 in the dash panel insert is activated.

Oil pressure switch for reduced oil pressure F378
It is bolted on the intake side, near the toothed belt in
the cylinder head. It is used to determine whether the

minimum oil pressure is being achieved.

Oil pressure switch F1

It is bolted into the middle of the cylinder block on the
exhaust side. If the engine control unithas switched
over to the high oil pressure stage, therit is used to

monitor the high oil pressure.

Oil pressure switch F1
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The oil pressure control

Compared to an unregulated oil pump, the drive power had already been reduced considerably in the regulated
ducocentric oil pumps in the EA111 petrol engine family. It only pumped as much oil over the entire engine speed
range as was needed to keep the oil pressure at a constant 3.5 bar.

With the new oil pumps for the EA211 engine family, the oil pressure is regulated at two levels depending on the
engine speed and load. Above dll, in the lower to medium engine speed/load range, the drive power falls as the

oil pressure is only approx. 1.8 bar in this case. Less oil therefore has to be pumped by the oil pump.

Exhaust camshaft control valve 1 N318 Camshaft control valve 1 N205

Exhaust camshaft adjuster ———

Lubrication points for camshafts, Fourfold cams
hydraulic compensation elements and
valves

Oil pressure switch F1 A / Lubrication point for crankshaft

Valve for oil pressure h
control N428 I: Oil coolér
= T

External gear oil pump —

Fuel pressure
) regulator

Exhaust gas turbocharger

Oil pressure switch for reduced oil
pressure F378

Piston cooling

Oil pump drive

Return

\ Qil filter

Sump

Intake fitting

s511_180
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Functional sequence of the oil pressure regulation

The oil pressure level is set by the oil quantity being pumped. The amount of oil being pumped depends
on the position of the slide unit, how far the two pump gears are apart, and the engine speed.

Pressure build-up from engine start to

approx. 1.8 bar to the oil circuit

- S

Once the engine has started, the required oil pressure

must be built up as quickly as possible. The two pump to the oil pump
gears are exactly opposite each other and the
maximum oil quantity at the engine speed is pumped a
. . . . Q
into the oil circuit. Valve for oil pressure E’
control (activated) o
a) The valve for oil pressure control is activated by Chamb l 2
amber
the engine control unit using the earth and opens Control piston 1492 g
the control port to chamber 2. S5
£ = 2%
(@] . . N
O b) The control piston is pressed onto the stop of the #
% high pressure stage by the compression spring. b L
® Compression I
= - . _ spring LJ 2
o c) The oil pressure in chambers 3 and 4 tofals less e
© o l = g
S than 1.8 bar and has no effect on the position of Pump gears N €3
E the slide unit. The compression springpresses the N ( l é
O slide unit against the full flow stop. — A\
o
o L
AU
‘ |
L —= |
Chamber 3 —‘ Chamber 4
Slide unit —
Stop Compression spring
full flow s511 249
Pressure-free
<1.8 bar
Engine speed increases
When the engine speed increases, the oil pump Chamber 2
pumps more oil and the oil pressure increases. At the Control piston Chamber 1

same time, the pressure in chambers 1 and 2 of the

control piston increases, and it is pushed to the left

against the spring force. Because the pressure in
chambers 3 and 4 of the slide unit still totals less than

1.8 bar, the slide unit remains at the full flow stop.

‘ Compression spring
to chamber 3 Return
to chamber 4

s511_250
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Low-pressure stage — approx. 1.8 bar

At approx. 1400 rpm, the oil pressure reaches the lower pressure stage of approx. 1.8 bar. This pressure is kept

constant up to 400 rpm or 150 Nm respectively.

When the engine speed increases, the oil flow quantity and the oil pressure increase; they decrease when the

engine speed falls.

Oil pressure regulation when the oil pressure

increases to more than 1.8 bar

a) The valve for oil pressure control is activated by
the engine control unit using the earth and opens

the control port to chamber 2.

b) The increasing engine speed increases the
pressure in chambers 1 and 2 to more than 1.8
bar and the control piston is pushed to the left
against the spring force. The path from chamber 4
to the return to the sump is opened.

c) The pressure in chamber 3 increases to more than
1.8 bar and pushes the slide unit slightly to the
right, against the spring force. The oil from
chamber 4 is pressed back into the sump. The
pump gears no longer intermesh as much, and the
oil quantity being pumped, and therefore the oll

pressure, decrease.

Oil pressure regulation when the oil pressure
falls below 1.8 bar
a) The valve for oil pressure control remains open.

b) When the engine speed decreases, the pressure in
chambers 1 and 2 falls below 1.8 bar and the
control piston is pushed to the right by the spring
force. The path from the oil circuit to chamber 4 of

the slide unit is opened.

c) The pressure in chambers 3 and 4 is now egual
again. Together with the spring force, the slide unit
is pushed slightly to the left. The pump gears
continue to intermesh, and the oil quantity being
pumped, and therefore the oil pressure, increase.

Valve for oil
pressure control
(activated)

Chamber 1
— Chamber 2
b
IT! Return
Ill Chamber 3
|
‘ Pump gears
c
Slide unit | Chamber 4
— s511 251
Mesh range of the pump gedrs
Pressure-free
Low-pressure stage (1.8 bar)
Control pist
onire’ pision Chamber 1
—— Chamber 2
b
| — I
Il| Chamber 3
|
l j l Pump gears
c
Slide unit| | Chamber 4
— s511_269
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Engine mechanics

Switching over to the high pressure stage — approx. 3.3 bar
At an engine speed of 4000 rpm or an engine load of 150 Nm, a switchover to the high pressure stage of approx.
3.3 bar occurs. To reach the higher pressure, the quantity of oil pumped is increased.

Switchover position to the high pressure stage

a) The valve for oil pressure control is no longer

s511_254

activated by the engine control unit and closes the Control port

a closed
control port to chamber 2. Valve for o
pressure control
. . ) Control
b) The lack of oil pressure in chambeér 2 allows the (activated)

piston

compression spring to puysh the control piston far Chamber 1

to the right, and opgns a large cross section to

AT I Chamber 2
chamber 4. b l/‘/‘/‘l]ﬂ |/_ e
to

chamber 4
Chamber 3

c) The oil pressure in chamber 4 of the slide unit

increases‘and pushes this far to the left together

with theccompression spring. The two pump gears
now infermesh deeply and pump more oil, and the
oil pressure increases.

Slide unit Chamber 4

Pressure-free

I High-pressure stage (3:3 bar)

Switching back to the low pressure stage

To switch backso a low pressure stage, the valve for oil pressure control is activated again using the earth and it
opens the controbport to chamber 2. The oil pressure in chambers 1 and 2 pushes the control piston to the left
against the spring force, closes the control port to chamber 4 and opens the return line to the sump. This causes the

oil pressure in chamber-4 to fall, and the slide unit i%hed to the right by’the higher oil pressure in chamber 3.

The pump gears infermesh‘less, and the oil quantity g pumped, and therefore the oil pressure, decrease.
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High-pressure stage — approx. 3.3 bar

As with the low pressure stage, the oil pressure is also regulated at a constant 3.3 bar in the high pressure stage.
When the engine speed increases, the oil quantity being pumped and the oil pressure also continue to increase.
To keep the oil pressure at a constant 3.3 bar, the quantity of oil being pumped is adjusted. The regulation at a

constant oil pressure is carried out the same way as it is for the low pressure stage.

Oil pressure regulation-when the oil pressure

increases to more than 3.3 bar n
N
a) The valve for'oil pressure control is not activated —
-
by the engine control unit and closes the control Control port 0
a closed
port to chamber 2. Valve for oil
pressure control { Control

(activated) | piston

b) The oil pressure in chamber 1 is now high enough

Chamber 1
ﬂ Chamber 2

thatit pushes the control piston to the left against
thesforce of the spring, and opens the return port

from chamber 4 to the sump. b

c) The pressure in chamber 4 falls, and the slide unit Return

Chamber 3
is pushed to the right against the compression EE—

spring by the high oil pressure in chamber 3.
The pump gears no longer intermesh as deeply,
pumpihg less oil, and the oil pressure falls to

approx.23.3 bar.

Slide unit Chamber 4

Pressure-free

I High-pressure stage (3.3 bar)

Oil pressure regulation when the oil pressure

falls below 3.3 bar

If the oil pressure falls below 3.3 bar, for example because the engine speed is falling, then the same regulation is

carried out as in the low pressure stage. The regulation at a constant pressure is a continual process in both

pressure stages:

- If the oil pressure is too low, the control port from the oil circuit to chamber 4 opens at the slide unit. The oil
flowing in pushes it so that the pump gears intermesh further, more oil is pumped and the oil pressure increases.

- If the oil pressure is too high, the return line from chamber 4 to the sump opens. The oil flowing back pushes the
slide unit so that the pump gears do not intermesh as far, less oil is pumped and the oil pressure decreases.

33


https://procarmanuals.com

&
o
Q
v
©
S
c
©
=
©
@
e
[l

34

Engine mechanics
I ——————

Crankcase breather and ventilation system

The crankcase breather and ventilation system must ensure that:

- The formation of condensation in the oil remains low on short trips and therefore prevents the crankcase

breather from freezing, and

- oil vapour and uncombusted hydrocarbons are prevented from being emitted into the’@hyironment under all

operating conditions.

Crankcase breather

The crankcase breather allows the crankcase to be
flushed with fresh air, therefore reducing the
formation of condensation in the oill It is ventilated
with fresh air using a hose leading from the air filter
to the non-return valve on the camshaft housing.

The non-return valve prevents oil ofunfiltered blow-
by gases from entering the air filter.df the pressure in
the crankcase becomes too high, it opens the path to
the air filter. This prevents any damage to seals due

to excessive pressures.

Crankcase ventilation

The gases flow from the crankcase into the oil
separator. In the coarse oil separator, the large drops
of oil are first separated from the gases by baffle
plates and swirl ports, followed by the small drops of
oil in the fine oil separator, which are separated by
smaller swirl ports. A throttle bore in the housing of
the oil separator to the intake manifold limits the
throughput when the vacuum in the intake manifold is
too high.

After the oil separator, the gases reach the inlet point
to the intake manifold or to the exhaust gas

turbocharger.

Non-return valve

Connection on the air
filter

511 234

s511_236

to intake

’ /" manifold
.

Baffle plates and
swirl ports in the
housing cover of

to exhaust gas !
the oil separator

turbocharger

from the

crankcase  Qil return
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Discharge of blow-by gases into fresh air

The EA211 engines features an internally guided crankcase breather which prevents any freezing. Internal means
that the blow-by gases purified of oil in the oil separator are largely guided to the inlet points within the engine.

They mix with fresh air there.

In the 1.0 | MPI engines, the gases are drawn into the intake manifold by a vacuum.
Inthe 1.2 | and 1.4 | TSI engines they go directly to the intake manifold or the intake side of the exhaust gas

turbocharger, depending on the pressure ratio.

Vacuum in intake manifold

The suction effect of the engine makes‘the pressure in the valve in the intake manifcld lower than that on the intake
side of the turbocharger. This opens the valve in the intake manifold and the valve on the.intake side of the
turbocharger closes.

The blow-by gases are nowsucked into the intake manifold via the hose.

Charge pressure in the intake manifold
The pressure on the intake side of the turbocharger is lower than in the intake manifold in this caseZThe valve on
the intake side of the turbocharger opens. The valve in the intake manifold closes. The blow-by gases:are drawn in

directly by the turbocharger.

s511 237

Non-return vgilve
intake side e
éxhaust gas turbocharger

Non-return valve in the
intake manifold

s511_190

This is attached to the lowest point of the
intake manifold. When the engine is af

a standstill, it is open and any oil there

can flow back to the separator.

Non-return valve
on the intake manifold
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Cooling system

A dual-circuit cooling system is used for engine cooling in all EA211 engines. With this system, the coolant is
channelled separately through the cylinder block and cylinder head at different temperatures. The temperature
regulation is controlled by two thermostats in the thermostat housing. The respective coolant temperatures differ

according to the engine.

Special features of the engine cooling system: Special features of the charge air cooling system:

- Cross-flow cooling in the cylinder head for a more - Cooling for the integrated exhaust manifold
uniform temperature distribution - Charge air cooling pump V188

- Thermostat housing with integrated coolant pump - Air-to-liquid charge air cooler in intake manifold

- Coolant pump driven by the exhaust camshaft - Cooling of the exhaust gas turbocharger

using a toothed belt

g Coolant expansion tank Heat

(&) exchanger for heater

v Line up to the

c:c; T piece until 05/2013 Auxiliary heater ===

c

cs Do oo o T

> Exhaust gas turbocharger

E Coolant tempetgature sender

@

9 Cylinder head/ ——¢

o cylinder block Thermostat housing
with
integrated cgolant

\vi pump

=

£
Ilﬁl Eng

Charge air cﬁing pump
V188

Charge air cooler

. Line from 06/2013

ine oil cooler
.

T piece

Coolant témperature
sender on the
radiator outlet G83

Water radiator for charge Radiator s511_238

air cooling circuit

The system is bled either by using the cooling system charge unit VAS 6096 or by using the guided
function “Filling and bleeding cooling system”. Please note the instructions in ELSA.
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Engine cooling system

The dual-circuit cooling system for the engine pumps the coolant from@mkﬁﬁ‘ﬂ@%ﬁvﬁﬂwét&%@fo the
n

thermostat housing to the cylinder head and cylinder block. S

The dual-circuit cooling system has the following

advantages:

- The cylinder block warms up faster because the:
coolant remains in the cylinder block until it
reaches approx. 105 °C.

- Less friction in the crankshaft group due to§h
higher temperature level in the cylinder b|§§>ck.

- Better cooling of the combustion chambers due to
the lower temperature level in the cyIindé head.

This ensures better filling with a lower kn%cking

0o

tendency.

Thermostat housing with
integrated coolant pump

The thermostat housing is installed on the cylinder
head on the gearbox side. The coolant pump has
been integrated into the thermostat housing to
produce the most compact cooling system design
possible. The coolant pump is driven by the exhaust
camshaft using a toothed belt.

Thermostat 1 for cylinder head

It opens at a temperature of 87 °C or above, and
opens the path from the radiator to the coolant pump.
It opens at a coolant temperature of 80 °C or above
in the MPI engines.

6 Drive gear on the

o\

Of
‘Qé/t?r@o
%,
©

"s511_026

exhaust camshaft

Thermostat 2

s511_200

Thermostat 2 for cylinder block

It opens at a temperature of 105 °C or above, and
opens the path for the warm coolant from the cylinder
block to the radiator.

The entire coolant circuit is open.
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Engine mechanics
I ——————

Charge air cooling system

When the intake air is compressed by the exhaust gas turbocharger, the pressure, and therefore the intake air
temperature, increases significantly. Warm air has a lower density and less oxygen enters the cylinder. The charge
air is cooled to ensure the filling is a good as possible. The engine knocking is also reduced. A charge air cooler
through which coolant flows is installed in the intake manifold. The heated charge air flows through it and transfers

the majority of its heat to the charge air cooler and the coolant.

Exhaust gas turbocharger Charge air pipe

Charge pressure
sender G31 with intake
air temperature sender

G42

Intake mahifold pres-
sure sender G71 with
intake manifold‘pres-

sure sender 2 G299

Throttle valve modulé

J338

&
o
Q
v
©
S
c
©
=
©
@
e
[l

Charge air cooler

Charge air cooling pump

V188

Charge air cooling pump V188

The charge air cooling system is a self-contained cooling system“inswhich the furbohorger is also integrated.

The charge air cooling pump is a circulation pump which is activated according to requirements. It draws the
coolant from the auxiliary radiator for charge air and conveys it to the charge air cooler in the intake manifold and
to the exhaust gas turbocharger. From there it flows back to the charge air cooler at the front end.
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Fuel system

The fuel system used for the TSI engines is divided into a low-pressure and a high-pressure fuel system. In addition,

the fuel is fed via the activated charcoal filter system for combustion.

Low-pressure fuel system

In the low-pressure fuel system, thefuel is delivered to
the high-pressure fuel pump by the electric fuel pump
in the fuel tank. The fuel pressure:is between

2 and 6 bar depending on requifements.

In normal operation, the fuel pressure is between

2 and 5 bar. When a cold or hot start is made, the
pressure is briefly raised to 5 to 6 bar, depending on
the engine temperature.

High-pressure fuel system

In the high pressure fuel system, fuel is pumped from
the high pressure fuel pump into the fuel rail. The
pressure is measured by the fuel pressure sender
there and is regulated by the fuel pressure regulating
valve from 120 up to 200 bar in the 1.2 | TSI engines
and from 140 up to 200 bar in the 1.4 | TSI engines.
The fuel is injected by the high pressure injectors.

The high pressure ensures a very good mixture
formation and reduces the particle emissions.

Fuel delivery unit GX1 with the fuel system
pressurisation pump G6é and integrated fuel filter
and pressure limiting valve

s511 240

Activated charcoal
filter

Fuel pressure
regulator

Low-pressure line to the high- " S

pressure fuel pump

High-pressure
fuel pump

Low-pressure line from
fuel tank

s511_259

Fuel pressure Fuel rail, Fuel pressure
sender injectors 1 - 4 regulating valve
G247 N30 - N33 N276
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Engine mechanics
I ——————

Activated charcoal filter system

This is required to comply with the legal regulations governing the reduction of hydrocarbon emissions (HC). This
prevents fuel vapours escaping from the fuel tank into the enviroriment.
The fuel vapours are stored in an activated charcoal filter and are routinely used for combastion.

In the 1.0 | MPI engines, this is always done on the“intake manifold and in the 1.2 | and 1.4 | TSI“engines, this is
done directly on the intake manifold or on thefintake side of the exhaust gas turbocharger, depending on the

pressure ratios.

Activated charcoal filter —
Line coming from the on the filler neck of the
activated charcoal filter. tank system

Activated charcoal filter
system solenoid valve 1 N80

&
o
Q
v
©
S
c
©
=
©
@
e
[l

40

Infeed in direction of

'&__:- P » exhaust gas turbocharger

Infeed on the intake manifold ' NN

e 5511 241

The engine control unit calculates how much fuel may be supplied from the activated charcoal filter system. The

solenoid valve is then activated, the injection quantity is then adjusted and the throttle valve is set.

To do so, it requires the following information:

- the engine load from the intake manifold pressure sender G71

- the engine speed from the engine speed sender G28

- the intake air temperature from the intake air temperature sender 2 G299
- the load level of the activated charcoal filter via the lambda probe G39
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Exhaust system

In all EA211 engines, the exhaust system consists of an exhaust manifold integrated into the cylinder head, a step-
type or broadband lambda probe before the three-way catalytic converter (depending on the engine), a step-type

lambda probe after the catalytic converter, a damper element and a main silencer.

Due to the rotation of the cylinder head compared to the EA111 engine family, the catalytic converter is located at

the back of the engine.

The integrated exhaust manifold allows the lambda regulation to start even earlier.

Lambda probe after catalytic
converter G130

and heating for lambda
probe 1 heater after catalytic
converter 229

Lambda G39
and lambda probe
? heater Z19

[})
Catalytic converter

f s511 199
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2
o
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>
@
(o)
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S
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(0]
[72]
(7]
(o]
Q
s
o
3
I3
O\.
S

Engine

Starter catalytic converter lambda
probe

Post catalytic converter @\"rhbdu probe
>

R
S

1.0 144/55 kW MPI engine

/ Step-type lambda probe

Step-type |qmbdq9?%}be
a)

1.0 1 50 kW MPI engine (natural gas)

op
Broddband lambda probe

;“. rf"’

6\)
Step-type | da probe
P yf@g{ﬂ\‘g P

1.2163/77 kW TSI engine and
1.4190 kW TSI engine

=z
Step-type la mql‘%’@«mgge

.O\d\)

\)\\O\
[ Stép-type lambda probe

1.41103 kW TSI engine and
1.41103 kW TSI engine with ACT

Broadband lambda probe

Step-type lambda probe
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Engine management system ..o,

s
a0 "l gy,
. _@V Y?A
System overview & %,
o >
Using the 1.4 1103 kW TSI engine as.an example /ié
< .
@ 3
Sensors @ 3
L A
Intake manif:sld sender GX9
Intake manifold pressure sender G71 —)
Intake air temperature sender 2 G299
5
Charge pressﬁre sender GX26 ——

Charge pressure sender G31
Intake air temperature sender G42
)

)
Engine speed sender G28 ﬁ Electronic power control fault
< lamp K132
o
Hall sender’%40, G300
2 )
%, EPC

Throttle valve module GX3
Throttle valve module@,a,38
Throttle valve drive angle sender 1 & 2 for elecf(ly‘ﬁg‘

= throttle G187, G188 Exhaust
o) emissions
&) Accelerator pedal module GX2 warning lamp
i, ——)
%) Accelerator position sender G79, G185 K83
®
E Clutch position sender G476 C =
© _ ]
Brake light switch F § i)
ml Control unit in dash
Fuel pressure sender G247 :[]:]I:D =) panel insert J285

Knock sensor 1 G61
Coolant temperature sender G62

Radiator outlet
coolant temperature sender G83

Lambda probe 1 before catalytic converter GX10
Lambda probe G39

Lambda probe 1 after catalytic converter GX7
Lambda probe after catalytic converter G130

Gearbox neutral position sender G701 m -
Oil pressure switch F1 @:@mﬂ) ——)

Oil pressure switch for reduced oil pressure F378 @ﬂm =)

Qil level and oil temperature sender G266 ——)

Engine control unit J623

Additional input signals  me—— s511 221

42


https://procarmanuals.com

Actuators

Fuel pump control unit J538
Fuel delivery unit GX1
Fuel system pressurisation pump G6

AG.Volkswage
Injectors, %nge{\_ 4 N30 - NQSéjAGdoesnof

\Y) 9,
0\'\966 «Sf%/
X S,
a%nition coils 1 - 4 with output stages i
Y C
N70, N127, N291, N292 O%/
@&%
Throttle valve module GX3 GZQ
Throttle valve module J338 z,
Throttle valve drive for %
electric throttle G186 &
3,
E Main relay J271 %
8 o
) ©
[0}
2 Fuel pressure regulating valve N276 2
Congnience CAN bus 2
Activated charcoal filter system solenoid valve 1 N80 L
D &
— Lambda probe 1 before catalytic converter GX10 i
= Lambda probe heater Z19
Data bus ambda probe heater
I diagnostic
interface J533 Lambda probe 1 after catalytic converter GX7 &
Lambda probe 1 heater after catalytic converter Z29 @QO
9
% e -
M O@?Shdff control valve 1 N205 @ \@OO
¥ \.
Y, o
Powertrain CAN bus Exhaust cérﬁwbgﬂ control valve I'N318 N\cﬁ\\oi\
S‘ZOJCI E)V Uaf)e

Charge pressure positioner V465

Valve for oil pressure control N428

Charge air cooling pump V188

Radiator fan VX57
Radiator fan control unit J293
Radiator fan V7

Additional output signals

Components with an X in the short designation contain several sensors, actuators or switches in one
housing, such as the intake manifold sender GX9 with the intake manifold pressure sender G71 and the

intake manifold temperature sender 2 G299.
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Engine management system

Engine control unit J623

Depending on the engine version, different engine
control units with different control unit functions are
used.

The engine management system in the 1.0 | engine in
the up! is also responsible for activation of the air
conditioning system while in the 1.4 | TSI engines, for
example, it is responsible for the two-stage oil
pressure regulation or, if installed, the Active Cylinder
Management (ACT).

The fitting location depends on the vehicle model.

&
8 Overview of the engine management system versions in the EA211 engine family
%)
© Engine version Engine management system Connector
>
% 1.0 | MPI engine Bosch Motronic ME 17.5.20 2 x 56 pins
1.21/ 1.4 | TSI engines Bosch Motronic MED 17.5.21 1 x 60 pins and 1 x 94 pins

Engine management system diagnosis
The engine control unifzalso performs the sensor and actuator diagnosis. Exhaust gas-related faults dre indicated
by the exhaust emissions warning lamp K83 and functional errors in the system are indicated by theselectronic

power control fault lampK132.

Examples of exhaust gas relevant and functional sensors and actuators respectively are the engine speed sender
G28, the Hall senders G40 and G300, the charge pressure sender G31 with the intake air témperature sender

regulating valve N276.

In contrast, the electronic power control fault lampK132 is switched on4dn°the oil pressure switch F1 and the oll

pressure warning lamp K3 is switched on in the oil pressure switch for reduced oil pressure F378.

If a fault is detected, an entry is made in the event memory.
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Fuel system

The demand-based fuel system consists of the low-pressure.and the high-pressure fuel system.
It has the advantage that both the electrical fuel pump.@nd the high-pressure fuel pump only deliver the amount of

fuel required by the engine at that moment. This reduces electrical and mechanical drive power of the fuél pumps

and fuel is saved.

High-pressure fuel pump

Fuel pressure sender
G247

| I

S Fuel rail
L1
4]
N2
©)
Fuel pressure regulating

valve N276

(a1
o/

— ' Injectors, cylinders 1 - 4
N30-N33

Fuel tank

Fuel pump
control unit J538

Enginé control unit

J623

s511 260

Fuel delivery unit GX1 with fuel system pressurisation pump G6

High-pressure system

Fuel system/low pressure system

Low-pressure fuel system
In the low-pressure fuel system, the pressure is
between approx. 2 and 6 bar, depending on the

engine map.

When making a cold start, higher pressure is used to
start to build up fuel pressure as quickly as possible.
When making a hot start, higher pressure is used to
prevent steam bubbles from forming in the high-
pressure fuel pump. The temperature in the high-
pressure fuel pump as calculated by the engine
control unit is the deciding factor.

Actuator/output signal

Sensor/input signal

High-pressure fuel system

In the high-pressure fuel system, the pressure in the
1.2 I TSl engines is between 120 and 200 bar, and in
the 1.4 | TSI engines between 140 and 200 bar,
depending on the load and engine speed. This high
pressure results in improved vaporisation of the
injected fuel and therefore an improved mixture
formation with fewer exhaust emissions and less soot
formation.

Furthermore, the spray pattern of the injectors has
been optimised to ensure the fuel jet does not hit any

components in the combustion chamber.
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Injection strategies

Engine management system

Different injection strategies are used in all TSI engines. Depending on the coolant temperature, engine speed and

engine load of the respective engine, different injection quantities are injected up to three times at different points

in time.

The injection strategies of the EA211 engine family can be found in the table.

converter heating

Operating status | Number of Measure

injections
Multiple When the engine is started, there are 2 or 3 injections respectively per combustion
injection high- cycle, depending on the coolant temperature. By dividing the fuel quantity for
pressure injection up over several injections, the injection time per injection is reduced and
engine start therefore the depth to which the fuel jet penetrates the combustion chamber. Less

fuel hits the components in the combustion chamber, the mixture formation is

Coolant improved and the engine reaches its idling speed faster.
temperature
<18°C 3
Coolant
temperature
>18°C 2
Multiple Engine map- The catalytic converter is heated quickly during catalyst heating with multiple
injection dependent injiection. The multiple'injeétion.makes a stable engine run at late firing angles
catalytic 2t03 possible. Thanks to retarded combustion, higher exhaust gas temperatures and

mass flows act on the catalytic converterslt is heated faster. All of these elements
contribute towards reducing exhaust gas emissions and consumption. At the first
injection, the majority of the total fuel quantity ‘is.injected during the intake cycle.
This effectuates uniform processing of the fuel-airmixture.

Single/
multiple
injection

part load/full
load

up to 3000 rpm

Engine map-
dependent
lto3

The single injection takes place in the lowest load range.

Multiple injection from idle speed to full load at up to 3000,rpm ensures a more
even mixture preparation. Initial injection takes place before’ignition TDC during the
intake cycle. Depending on the engine map, 50 - 80% of thettotal fuel to be injected
is injected in this case. The remaining fuel quantity is injected"during the second and
possibly a third injection, . Less fuel is deposited on the cylinder wall as a result. The
fuel evaporates almost completely and mixture formation isimproved. In addition,
the mixture which is produced in the area of the spark plug is’slightly richer than that
in the rest of the combustion chamber.

This improves the combustion process and reduces knocking.
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Sensors

Charge pressure sender G31 and
intake air temperature sender G42

The charge pressure sender with intake air
temperature sender is screwed into the pressure pipe
just in front of the throttle valve module. It measures

the pressure and temperature in this area.

Signal use

The engine control unit regulates the tdrbocharger
charge pressure using the signal fromthe charge
pressure sender. It is regulated via the electrical

charge pressure positioner.

The signal from the intake air temperature sender is

required:

- to protect components. If the temperature of the
charge air rises above a certain value, the charge
pressure is reduced.

The signals from both intake air temperaturesenders

G42 and G299 are required:

- to activate the charge air cooling pump. If the
temperature difference of the charge air before
and after the charge air cooler is less than 12 °C,
the charge air cooling pump is activated. If it
increases to more than 15 °C, the pump is
deactivated again.

- for a plausibility test of the charge air cooling
system. If, under certain conditions, the
temperature difference between the charge air
before and after the charge air cooler is too low
despite activation of the charge air cooling pump,
then it is assumed there is a fault in the charge air
cooling system.

s511_206

Charge pressure sender G31 and
intake air temperature sender G42

Effects upon signal failure

If one or both senders fail, the turbocharger
operation is just regulated.

The charge pressure is lower and the power is
reduced.
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Engine management system

Intake manifold pressure sender G71 and

intake air temperature sender 2 G299

The intake manifold pressure sender with intake air
temperature sender is screwed into the intake
manifold behind the charge air cooler.

It measures the pressure and temperature in this area.

Signal use
The engine control unit uses the signals from both
senders and the engine speed to calculate the air

mass taken in.

The signal from the intake air temperature sender is

required:

- to calculate a correction value for the charge
pressure. The effect of the temperature on the
density of the charge air is taken into

consideration.

The signals from bothzintake air temperature senders

G42 and G299 are réquired:

- to activate the charge air cooling pump. If the
temperature difference of the charge air before
and after the charge air. cooler is less than 12 °C,
the charge air cooling pump is activated. If it
increases to more than 15 °C, the pump is
deactivated again.

- for a plausibility test of the chargeair cooling
system. If, under certain conditions, the
temperature difference between the charge air
before and after the charge air cooler is too low
despite activation of the charge air cooling pump,
then it is assumed there is a fault in the charge air

cooling system.

s511 207

Intake manifold pressure sender G71 and
intake air temperature sender 2 G299

Effects upon signal failure

If one or both signals fail, the throttle valve position
and the temperature from the intake air temperature
sender G42 is used as a replacement signal.

The turbocharger is only operated with-regulation.
The charge pressure is lower and the power is
reduced.
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Engine speed sender G28

The engine speed sender is integrated info the sealing
flange on the gearbox side, with the flange being, in
turn, bolted to the cylinder block. It scans a 60-2
sender wheel on the crankshaft. The engine control

unit can identify the engine speed using these signals.

Signal use

The calculated injection time, the injection duration
and the ignition timing are determined using the
signals. It is also used together with the Hall senders
to identify the position of the crankshaft to the
camshaft and for the camshaft adjustment.

Engine speed sender G28

Effects upon signal failure

If the signal fails, the signal from the Hall sender G40
will be used as a replacement signal.

The next engine start will take longer, the engine
speed will be limited to 3000 rpm and the torque will
be reduced.

Hall sender G40 and Hall sender G300

(1.4 1103 kW TSI engine)

The Hall sender is on the flywheel side on the
camshaft housing abovedhe inlet and exhaust
camshaft. They scan a sender wheel with a special
cam contour.

The signals are usedo identify the positions of the
two camshafts and the position of the individual
cylinders in their wark cycles.

Signal use

Their signals and those from the engine speed sender
allow the ignition TDC of the first cylinder and the
position of the camshafts to be identified. They are
used to determine the injection time, the ignition time
and for adjusting the camshaft.

pistons.

The engine speed sender andthe, Hall sender exa

Hall sender G300 Hall sender G40
Effects upon signal failure

If one of the two senders fails, the sighal from the
other sender respectively will be used as a
replacement signal.

If both senders fail, the next engine start will take
considerably longer. In both cases, the engine speed
will be limited to 3000 rpm and the camshaft

adjustment will be deactivated.

nifre the position of the crankshaft to the respective

camshaft. If the values are outside the tolerance, for eXample due to unacceptable elongation of the
toothed belt, or toothed belt slip, then an entry will be made in the event memory. If applicable, the

camshaft adjustment will be deactivated to prevent any engine damage between the valves and
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Engine management system

Fuel pressure sender G247

The sender is installed on the intake manifold (bottom
section) on the same side as the toothed belt, and is
screwed info the fuel rail. It measures the fuel
pressure in the high-pressure fuel system and
transmits the signal to the engine control unit.

Signal use

The engine control unit evaluates the signals and
regulates the pressure in the fuel rail using the fuel
pressure regulating valve. If the fuel pressure sender
also identifies that the target pressure can no longer
be adjusted, then it is limited to 125 barZand the low-

pressure fuel pump is fully activated.

Fuel pressure sender G247

Effects upon signal failure

If the fuel pressure sender fails, the fuel pressure
regulating valve is kept open so that no high pressure
can be built up. At the same time, the electric fuel
pump is fully activated, providing adequate fuel
pressure for emergency operation of the engine.

The engine torque and the power are reduced

drastically.
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Oil pressure switch for reduced oil pressure F378

It is screwed into.the cylinder head next to the intake
manifold on the same side as the toothed belt. It is
used to check whether the minimum oil pressure is

being apglied.

Signaluse

Wheh there is no pressure, the oil pressure switch is
open: If the pressure rises above a certain value, the
switch closes. The engine control unit can identify that
the ail pressure in the oil system is sufficient by its
closed state. If the oil pressure falls below the
required oil pressure, the oil pressure warning lamp
K3 in the dash panel insert is switched on.

Oil pressure switch F1

It is bolted into the middle of the cylinder block on the
exhaust side. It is used to examine whether high oil

pressure is being applied.

Signal use

Once a certain load and engine speed are reached,
a switchover to the high oil pressure stage occurs.

If high oil pressure is reached, the switch closes and
the engine control unit identifies that high oil pressure
is being applied. If it falls below a threshold for a
certain period of time, the electronic power control
fault lamp K132 is switched on.

started.

s511 211

Oil pressure switch for réduced oil pressure F378

Effects upon signal failure
If the oil pressure switch fails, an entry is made in the
event memory andsthe oil pressure warning lamp K3

is switched on.

N
—
N
—
—
N

)

= _|

Oil pressure switch F1

Effects upon signal failure

If the oil pressure switch fails, the engine speed is
limited to 4000 rpm and the electronic power control
fault lamp K132 is switched on.

If one of the two oil pressure switches is identified as being activated 60 seconds after the “engine is
off”, the oil pressure warning lamp K3 will be activated for 15 seconds the next time the engine is
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Engine management system

Actuators
Main relay J271

The main relay is installed on the left of the engine s511_270
compartment in the electronics box.

Task

Using the current supply relay, the engine control unit
can still perform certain functions and work in run-on
mode even after the engine has been turned off
(ignition OFF).

In this operating mode, the pressuredsenders, among

Main relay J271

other things, are compared grid the radiator fan can

be activated.
© activate Effects upon failtre

If the relay fails, the ‘corresponding sensors and
actuators are no longeririggered.
The engine is turned off and can no longer be started.

Camshaft control valve 1 N205,
Exhaust camshaft control valve 1 N118

These valves are installed in the camshaft housing
and are integrated into the engine oil circuit.

Task
Activating the camshaft control valves distributes the

oil in the vane-type@dijuster. Depending on which oil

channel is opened, thé’inner rotor is adjusted in the

511 214

“early” or “late” direction‘or,is kept in its position.
As the inner rotor is bolted to the inlet camshaft, it is

Camshaft control valve 1 Exhaust camshaft control

also adjusted in the same way. 505 valve 1 N188

Effects upon failure
If one of the camshaft control valves fails, camshaft adjustment will no longer be possible.
The inlet camshaft remains in the “late” position and the exhaust camshaft in the “early” position.

A loss in torque results.
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Fuel pressure regulating valve N276

The fuel pressure regulating valve is located on the s511 243
side of the high-pressure fuel pump.

Task
It has the task of supplying the required quantity of
fuel in the fuel rail.

Effects upon failure

Fuel pressure regulating valve N276

The fuel pressure regulating valve is closed and
without current. This means that the fuel pressure rises
when the regulating valve fails until the pressure
limiting valve in the high-pressure fuel pump opens at
approx. 235 bar.

The engine management system adjusts the injection
times to the high pressure and the engine speed is
limited to 3000 rpm.

The fuel pressure needs to be reduced before the high-pressure fuel system is opened.
For this reason, the “reduce high-fuel pressure” function is included in the “guided functions”.
It is used to open the regulating:valve and reduce the pressure while the engine is running.

Please note that the fuel pressure rises again when the system heats up.

Please note the instructions in ELSA.
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Engine management system

Charge pressure positioner V465

The charge pressure positioner is part of the exhaust
gas turbocharger module.

Task

It controls the charge pressure.

The advantages of the electric charge pressure

positioner in comparison with the pneumatic charge

pressure conirol solenoid valve are:

- Afast adjustment time and thereforé faster charge
pressure build-up.

- A high actuation force, as goresult of which the
wastegate remains firmly<closed, even in the event
of high exhaust gas mass flows, in order to
achieve the specified ¢harge pressure.

- The wastegate can be actuated independently of
the charge pressure: This opens the wastegate in
the lower engine load/speed range. The basic
charge pressure drops and the engine has less
charge cycle work fo do.

s511_217

. =& SANY
A Y

-

Charge pressure positiongr V465

Effects upon failure

In the event of an electrical failure, the‘wastegate is
pushed open by the exhaust gas mass flow. In the
event of a mechanical failure, the wastegate is
opened by the electric charge pressure positioner or
the throttle valve is closed accordingly. Charge
pressure is not built up in either case.
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Once the target charge pressure has been reached,
the wastegate is regulated to the position required for [

the target/actual charge pressure.

]
If the wastegate is opened further, for example, part
of the exhaust gas flow flows past the turbine wheel. ’
This reduces the rotational speed of the turbine and =iy
the compressor wheel. The intake air is no longer Y/
compressed as much, and the charge pressure is

I

reduced.

The engine control unit calculates the necessary

wastegate adjustment travel via the rod linkage using =? ’ ‘ ‘
the actual and the target charge pressure. The charge :'f

pressure sender G31 measures the actual charge
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—
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—
3
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ressure.
P opened
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Engine management system

Charge air cooling pump V188

The electronically control charge air cooling pump is

bolted to the housing cover of the oil separator below

the intake manifold. It is a component of a self-

contained cooling system.

Task

The charge air cooling pump conveys coolant from
the water radiator for charge air cooling gircuit to the
charge air cooler in the intaké'manifold and to the
exhaust gas turbocharger. The pump is activated by a
PWM signal by the engine control unit when required.
It is always activated at maximum power.

It is activated under the following conditions:

- briefly after each time the engine is started

- constantly above a torque requirement of approx.
100 Nm

- “constantly from a charge air temperature of 50 °C
in the intake manifold

- ‘at temperature differences of less than 12 °C in
the charge air before and after the charge air

cooler

Effects upon failure

s511_244s

Charge air cooling pump V188

- when the enginelis running, every 120 seconds for
10 seconds to avoid heat accumulation, above all

in the exhaust gas turbocharger and,

- depending on thesengine map, for 0 - 480
seconds after thezengine is turned off to avoid
overheating withformation of steam bubbles in
the exhaust gas furbocharger.

The differentfaults which can occur on the charge air cooling pump have the following effects:

Fay

Cause of fault

Effect

Electrical fault or mechanical fault

- Entry in engine control unit event memory
- Loss of power

Open circuit in signal line

- Entry in engine control unit event memory
- Pump running at top speed

Open circuit in a pump voltage supply wire

- Entry in engine control unit event memory
- The pump does not work
- Loss of power

examination of the charge air cooling system.

Please note that, for example, a highly soiled water radiator for charge air cooling circuit or an

incorrectly filled cooling system can result in an entry in event memory, which will require an
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Control electronics are installed in the ghmp They allow the electric motor to be activated, and they monf{%or the
pump function. They transmit the cctuﬁgl state of the pump to the engine control unit by switching the PWM %nql to

earth at regular intervals. 3 E;
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Charge air cooling pump

pur

K . o . . 2V/div= 2 s/div
During pump operation, the contr%l electronics switch

the PWM signal from the engine ccmtrol unit to earth
for 0.5 seconds in 10-second m’rervdﬂ;s This tells the T pr— T ]

engine control unit that the pump is re@ldy for

operation.

s511_262

Charge air cooling pump “not OK” 2V/div= 2 s/div
If the self-diagnosis detects a fault, caused for
example by a blocked pump or a dry-running pump,
the control electronics change the duration of the
earth switching of the PWM signal depending on the
cause of the fault.

s511_261

In the event of fault, attempts will be made at regular intervals to switch the charge air cooling pump back on. If this
succeeds, the control electronics transmit the charge air cooling pump “OK” signal to the engine control unit again.
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Engine management system

Valve for oil pressure control N428

The valve is screwed into the cylinder block on the
exhaust side, near the toothed belt and sump (top

section).

Task

The valve for oil pressure control N428 is a hydraulic
3/2-way valve. The electric activation by the engine
control unit switches the value between the two oil
pressure stages depending on the load and engine
speed. When there is no current, it is closed, and the
oil pump pumps at the high oil pressure stage. If it is
activate, an oil port to the control piston opens and
moves it within the oil pump. This switches it to the

lower pressure stage.
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Valve for oil pressure control N428

Effects upon failure

If the valve fails, it is closed.

The oil pump pumps at the high oil pressure stage.
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Special tools

Service

Description Tool Usage
T10487 The toothed belt between the camshafts is pressed
Assembly tool downwards using this assembly tool, in order to
P allow the camshaft clamp T10494 to be inserted into
the camshafts under tension.
s s511 264
Qe = ~ ' "Ydoa,
oy "0t g
T10494 2° '“For fixing the camshaft when checking and adjusting
N 2 ..
Camshaft clamp & the“valve timing.
> A
& %
X 2
N )
S ”
S %,
S z,
& %
5 Z
L 2,
@ £
T10499 The wrench is usedito loosen and tighten the
Specidf wrench eccentric toothed b&c{t tensioner
s e
= =
@ ®
= 8
£ 2
g s511_266 o
8 3
[on &
T10500 The insert is used to leosen and tighten to bolt on the
Inser’r%)ol B eccentric toothed belt tensioner if an engine support
K)? is installed. 3
3 3
% &
X s511_265 S
&S 2
%, S
5 N
% N
VAS 6583 '//f% The eéeﬁfonic torque wrench is used to tighten the
Electronic torque wréﬂgbﬁ l:»o%l{vgn the eccentric toothed belt tensioner and,
/M%o owhen installing the thermostat housing, to tension the
’rQDsDé " "I toothed belt for the coolant pump drive to an exact
t .
¢ s511 263 | '°rAve
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Service

Technical data

Toothed belt cover
The toothed belt is protected against the ingress of
dust and dirt by a three-part toothed belt cover. This

extends the service life of the toothed belt.

The tensioning roller for the toothed belt can be

released without having to remove the engine support.

The insert TL0500 and the electronic torque wrench
VAS 6583 will be required for this, among other tools.
The insert acts like an extension for a standard torque
wrench. The tightening torque would normally be far
too high on the bolted connection. To prevent this,
actual dimensions are specified.omthe insert, which’is
entered into the electroni¢’torque wrench. This input
allows the bolt to the'tightened to the correct torque.

Toothed belt

The toothed belt must not, under any circumstances,
be kinked when doing assembly work, when
transporting or storing it. Otherwise the tension
strands will’be damaged, the toothed belt will tear
and engine damage will result.

Toothed belt tensioning roller

Plastic cover with
injection-moulded
seal

Aluminium-silicon
cover

Plastic cover with
injection-moulded seal

s511_104

Toothed belt with
a coating made
to reduce wear
made of Teflon

Backing material

Tension strands —

Tooth fabric made of
polyamide and Teflon ~ |

s511 134
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Toothed belt for the coolant pump

Before removing the drive wheel, and when
tensioning the toothed belt, you must pay attention to
the notes in ELSA. Only a correctly tensioned toothed
belt will ensure the coolant pump functions long-term
without fail.

To ensure the toothed belt for the coolant pump is
correctly tensioned, it must be pretensioned to an
exact torque via the thermostat housing using the
electronic torque wrench VAS 6583.

Charge air cooler sealing strip

When installing the charge air cooler, ensure that the
sealing strip is correctly fitted. If it is not installed
properly, vibrations will occur, the;charge‘air'csélet
will crack and will no lopger be airtight.

Crankshaft clamp

Whén adjusting the valve timing, the crank web is
onlyztouching the securing bolt.

The crankshaft is not fixed and can be rotated against
the direction of engine rotation.

Exhaust
camshaft

Camshaft
drive gear

Toothed belt

Coolant

pump

drive gear s511_258

Sealing strip

Charge aircooler

Crank web

Securing bolt

—

s511_140
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Test your knowledge

Which answers are correct?

One or several of the given answers may be correct.
All questions refer to the new EA211 petrol engine family.

1. Which technical features are the same on all EA211 engines?
O a) Camshaft driven via toothed belt
(J  b) 4-valve technology

(J ) Exhaust manifold integrated ‘into the cylinder head

N

. What are the differencés between the toothed belt drives?
(J  a) The 3-cylinder engines feature tri-oval camshaft gears.

O  b) The toothed belt drives are identical in all EA211 engines.
0

c) The 4-cylinder éngines feature an oval CTC camshaft gear wheel.

3. Which statements about the oil pressure regulation are correct?

(J  a) The oil pressure regulation occurs in two oil pressure stages, of approx. 1.8 bar and 3.3 bar in the
1.4 1 TSI engines.

(3 b)Inthe 1.0 | and 1.2 | enginés, a pressure regulating valve inthe oil pump housing regulates the oil pressure
to approx. 3.5 bar. S
2
(O <) In all EA211 engines, the oil filter is installed’on the sump.

4. Which statements about the cooling system are true?

(O  a) Engine cooling as a dual-circuit system with varying coolant temperatures in the cylinder head
and cylinder block.

O  b) The coolant pump is integrated into the thermostat housing.

(J  ¢) There are two coolant circuits, comprised of the engine cooling system and the charge air cooling system.
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5. At which position in the TSI engines are the gases from the crankcase breather and the
activated charcoal canister system added to fresh air?

(O  q) Directly into the intake manifold in all cases, as the highest vacuum is found there.

(J  b) The gases are generally directed to the intake side of the exhaust gas turbocharger.

(J ) Depending on where the pressure is lower, either the intake manifold or the intake side of the exhaust gas
turbocharger.

6. What advantages does the integrated exhaust manifold offer?

(J  a) The coolant is warmed up faster by the exhaust gas while the engine is warming up.

(J  b) Due to the smaller area of the exhaust gas-side wall surface extending to the catalytic converter, the
exhaust gas does not emit as much heat during the warm-up phase, and the catalytic converter is more
rapidly heated up to the operating temperature by the coolant, despite its cooling effect.

(O <) When the system is operating at full capacity, the exhaust manifold and the exhaust gas are cooled even
more, and the engine can be operated in a larger consumption-optimised and exhaust-optimised
lambda=1 range when operating at full capacity.

7. In which range is the fuel high pressure found in the TSI engines for the Golf 2013?

(J  a) The fuel pressure totals'160 or 200 bar respectively dépending on displacement.

(J  b) The fuel pressure in the 1.2 | TSI engines totals between 120 and 200 bar, and in the
1.4 | TSl:engines between 140 and 200 bar.

(3 ¢) The fuel pressure is between 40 and 140 bar in all TSI engines.

8. What needs to be observed when tightening the toothed belt tensioning roller‘when the engine support
is installed?

(O  a)The electronic torque wrench VAS 6583 is required.

(J  b) The toothed belt tensioning roller is tightened using a standard torque wrench’and an extension piece.

O <) Actual dimensions are specified on the insert TL0500, which have to be entéred in the electronic

torque wrench.
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