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Electronically Mapped Cooling System

Design and Function




Electronically controlled cooling system

The 1.6-litre 4—cy|inderijfn—|ine engine (code APF)
with a power ou’rpu’ré 74 kW is the first engine in
which the newly dev§|oped

Irgart o

electronically mapped cooling system

will be used.

Further engines qre?%p preparation.

Load-dependent temperature setpoint input,

thermostatic control of-coolant temperature and

fan cut-in control are ﬂ?ﬁg special features of the
()

rposes
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The advantages of adapting the coolant temper-
ature to the current operating sfofem%tre:

V0

]
— greater fuel economy in the part-throttle
range 3
— reduction of raw CO and HC emié'%ions
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This Self-Study Programme describe§~fhe design
and function of this technical innovg?ion.
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new system. @7(/
%
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%
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The Self-Study Programme Please always refer to the relevant Service Literature
is not a Workshop Manual! for all inspection, adjustment and repair instructions.

Service Literature.
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General information

Cooling the engine with water
— What’s the reason for cooling?
Let’s look atthe history.

The tempeératures produced during fuel combus-
tion (upto 2000°C) are harmful to the engine.

The engine is therefore cooled down to “operat-
ing femperature”.

The'first water-based method used was the
thermo-syphon cooling process. The heated -
and therefore lighter - water rises up a collecting
pipe.and into the upper part of the radiator. The
water is then cooled by the headwind streaming
around the radiator. This causes the water to
drop down and flow back into the engine. Flow
in this circuit runs as long as the engine is run-
ning. The cooling process was fan-assisted. Tem-
perature confrol was still not possible. The water

circulation rate was later increased by me%f

a water pump.

Weak-points:

— Long warm-up period

— Low engine temperature during the cold sea-
son

A coolant conirol, or thermostat, later came into
use as engine technology advanced.

The temperature of the water circulating through
the radiator is controlled depending on the cool-
ant temperature.

This process was described in 1922 as follows:
These devices serve to raise engine temperature
quickly and prevent it from cooling.

This “thermostat-controlled” cooling system had

the following functions:

— short warm-up period

— maintenance of a constant operating temper-
ature.

Collecting pipe

{F gﬁ{

. 222 010
The thermo-syphon cooling system — -
an automatic circulatory cooling system
1910
The water circulation rate is increased 222 032

by a water pump

Around
1922

to radiator

from engine
to pump

222 031

Coolant control (corrugated hose thermostat)
gives more rapid heating during the warm-up

period



The thermostat, therefore, was a major improve-
ment and made possible the so-called “bypass
water line“. As long as the engine has not
reached the desired operating temperature, the
water does not flow through the radiator rather it
flows back into the engine along a short path.
This control concept is still used today in all sys-
tems.

The chart on the right shows the effect of engine
temperature on power output and fuel consump-
tion.

\
o However, the correct engine oper=
5 ating temperature.is nowadays
) important notsonly for power out-

put and consumption; it is also
essentidl for low pollutant emis-
sions:

Engine coolingis based on the principle that

pressurised water starts to boil at temperatures
between 115°C to 130°C and not at 100°C.

The cooling circuit is subject to a pressure of 1.0 -
1.5 bar. This is’known as a “closed-circuit cooling
system®“.

For this purpose, the system has an expansion
tank which is only half full.

The corrugated hose thermostat has been
replaced by an elastic thermostat (waxstat).

The cooling medium is notionly water but a mix-
ture of water and coolant additive. This mixture
offers frost protection, has a higher beiling point
and protects light-alloy parts of the engine
against corrosion.

@@ —
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T
222 012
P, = power output -
b, = fuel consumption
T "= engine temperature
Standard
today
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Closed-circuit cooling system
with elastic thermostat and expansion tank filled with
coolant



General information

The coolant temperature level

|
L
Full-throttle range
85°C ... 95PC
3 Part-throttle range
- 95°C ... 110°C
£
2
L
Engine speed [n]  =——
Coolant temperature level as a function of 292 013
engine load with mapped cooling -
.y Engine load and cooling should
always be regarded in context.
@
Engine performance is dependent on proper — Higher temperatures in the part-throttle range
engine cooling. improve performance, which in turn reduces
consumption and’pollutants in the exhaust
In the thermostat-controlled cooling system, the gas.
coolant temperatures range from 95°C to 110°C
in the part-throttle range and from 85°C to 95°C — Lower temperatures in the full-throttle range
in the full-throttle range. increase power output.

The induced air is heated to a lesser degree,
boosting performance.



Electronically controlled
cooling system

[ Supply pipe
[ Return pipe

Thermostat for
mapped engine
cooling

222 034
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Electronically controlled cooling circuoﬂg— (schematic diagram) N
%, Advantages i
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The aim of developing an electronically mapp@y@_

. . 2
cooling system was to set the operating tempera- %’M% ture to the current
Oér‘?esgg follows:
JOJCI

ture of the engine to a specified value depend-
ing on the load state.

An optimal operating temperature is set accord-
ing to maps stored in the engine control unit via
the thermostat to be heated electrically and the
radiator fan settings.

Cooling can thus be adapted to the engine's
overall performance and load state.

N
The advantages ofjadapting the cool@dﬂ tempera-
éperating s’ra’r@x@@'\’rhe engine

Mg\)\\o N

"oy ueﬁe

— Lower consumption in the part-throttle range
— Reduced raw CO and HC emissions

Changes to the conventional cooling circuit:

— Integration in the cooling circuit through mini-
mal design modifications.

— The coolant distributor housing and thermostat
are combined to form a single unit.

— There is no longer any need for a coolant ther-
mostat on the engine block.

— The engine control unit also contains the maps
of the electronically mapped cooling system.



Main components

Coolant distributor housing

Coolant temperature Upper level with cool-
sender G62

ant inlet from engine

Inlet to
radiator

To heater heat

exchanger

Return pipe
from radiator

VN
2
el
%
kS
Connection for o
(o]
heating thermostat =
& 222 036 P
c °
To coolant pump 5 o
2 Return pipe From heater g
Coolor%con'rrol unit (ther- from oll heat exchanger S
mostat f%r mapped engine radiator Qi
cooling) 533
G N
% &
%, S
The coolant distributor housing is mounted ”90(/ An upright channel connects the upper and >
directly on the cylinder head instead of the con- ‘/4%0 lower levels. The thermostat opens and closes the
nection stub. ’f/@;}}righ’r channel by meqg#g of its small \(@Ne disc.
% o B o
. /5] . pet .
Let’s have a look at it at two levels. The coolant distributor housing is in fact the dis-
tributor station which distributes the coolant to
The individual components are supplied with the large cooling circuit or small cooling circuit.

coolant from the upper level. An exception to this
is the supply to the coolant pump.

The coolant return pipe from the individual
components is connected at the lower level of the
distributor housing.



Coolant control unit
(Thermostat for mapped engine cooling)

Resistance heating

Large valve disc for
closing the large coolant

circuit

Connection between expansion-element

Small valve disc for

Pressure spring

222 035

thermostat and heating

The functional components

— Expansion-elément thermostat (with wax
thermo-couple)

— Resistance heating in wax thermo-couple

— Pressure springs for mechanically closing the
coolant ducts

— Tlarge valve disc and 1small valve disc

Function

The expansion-element thermostat in the coolant
distributor housing.is permanently immersed in
coolant.

The wax thermo-couple regulates the tempera-
ture unheated - as before -‘but is rated for a dif-
ferent temperature.

The coolant temperature causes the wax to liquefy
and expand, producing a liftihg movement of the
lifting pin.

This normally happens without the application of a
flow in accordance with the new coolant tempera-
ture profile of 110°C at the engine block outlet.

A heating resistor is integrated in the wax thermo-
couple. When energised, the heating resistor heats
the wax thermo-couple additionally and the stroke
— i.e. adjustment — is performed not only as a fac-
tor of the coolant temperature, but as specified by
he map stored in the engine control unit.

closing the small coolant circuit



Cooling circuit

Small cooling circuit

Heat exchanger for
heater

Heat exchanger
shut-off valve

Expansion tank

)

Coolant distributor

housing

3

-
Oil radiator for
automatic gearbox
lkswagen 4
oW
\]O\\k | | /70[«
|
\Jj g"@r
S e
Coolant pump ’) @O%
OO@
S <
. > ®
Radiator o N %
Oil radiator {fengine circuit) %
¢ 5
9 %
— “
S ] 2,
3,
()
_ 222,002
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Temperature level in small
circuit for heating the
engine for the lower and
upper part-throttle ranges
from 95°C to 110°C

Engine — cold starting and pq%t throttle

[0}

The small cooling circuit helps to he%j’r up the
engine quickly.

oxcial P

The mapped engine cooling function c%ges not
o
come into play yet. b
%
%

The thermostat in the coolant distributor ho?‘f}{ijng

has shut off the return pipe from the radiator a?féo
opened the short path to the coolant pump. The O'/z/%f
radiator is not integrated in the coolant circula-

tion system.

10



Functions of small cooling circuit

Coolant return pipe

Coolant feed from engine
from radiator closed from the upper level of the

coolant distributor unit

No-flow zone of

coolant

From radiator

To coolant pump

Starting position: The heat exchanger shut-off valve swi’rghes off

engine is started and running the coolant feed to the heat exchanger'when the
% heating potentiometer is in the "OFF“-position.
The coolant pump circu%’res the coolant. This prevents the vehicle interior frong}wo’ring up.

BN

(@)

o
The coolant goes from theogsylinder head to the
upper level of the distributorhousing and runs

%
. O,
along a channel down into the'lower level.
27
%

S
S?
&
K
L
N

.
. . £
The thermostat is positioned so that omgohe
. . . (o)
direct route to coolant pump is available. /r%%éuoj
d

The coolant heats up very quickly. The small cool-
ing circuit therefore has a heating function.

The heater heat exchanger and the oil radiator
are connected to the small cooling circuit.

1



Cooling circuit

. . . Volk
Large cooling circuit (oweg AC SN AG g,
)
66\0\;\] o Y.
) %)
SR “
N (0)
@6%@ Heater heat exch@agger
N 0/
%
}4.
3
Z.

Heat exchanger
shut-off valve

0~\\>
O
o
Coolant pump
Radiator fan
Radiator
G 222 003

Temperature level in large
circuit under full throttle

85°C to 95°C

The large cooling circuit is opened either by the
thermostat in the coolant thermostat after reach-
ing a temperature of approx. 110°C or by a map
depending on the load.

The radiator is now integrated in the coolant cir-
culation system.

Electric fans are switched on as required to pro-
vide additional cooling to boost the effect of
headwind or at idle.

12



Function of large cooling circuit
en AG,VolkswagenAG
O’oes

¥,
)
. < .
Return line from’ﬁ%dla'ror _ 222 009

8,

2 N
%o, \)\\o\\w To coolant pump
DSJOGJOJ
d
Engine — full throttle
When the engine is at full throttle, a high cooling Having been cooled, the coolant flows back from
capacity is required. A current is applied to the the radiator into the lower level and is again
thermostat in the coolant distributor housing, drawn in by the coolant pump.

causing the return line from the radiator to open.
Intermediate stages are also possible.

The small cooling circuit from the small valve disc

to the coolant pump is closed simultaneously A certain portion of the coolant then runs into the

because they are coupled mechanically. large cooling circuit and another portion runs
into the small cooling circuit.

The coolant pump feeds the coolant to the radia-

tor via the upper level after it is discharged from

the cylinder head.

13
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Sensors

4

)
Engine speed sender G28

>
[oR
&
O
=
[

Simos 3.3 J361 control unit
(@)
%

Air-mass flow meter G7(75'%éi’rh
intake air temperature sené@;/f
G42 s

£

Coolant temperature sender G62

=S

Radiator outlet coolant tempera-
ture sender G83

[ —

[eXeXeXeXoXeXoXe]|
| - ——r

Potentiometer for

R0 000000

rotary temperature

selection knob Diagnostic

G267

connection

Temperature

flap position

a_ o !
switch F269 L ~ |

Road speed signal from ABS

control unit J104

222 020
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Actuators

100

Thermostagfor mapped engine
cooling Fff
o

4

Radiator fan control
unit J293

Radiator fan V7

Radiator fan -2- V177

Coolant cut-off valve two-way
valve N147



Simos 3.3

engine management system
Design

Functions are spécially integrated in the Simos
3.3 engine management system for the electroni-
cally mapped cooling system.

Several maps:are relevant:

— Specified coolant temperature 1
(dependenton the engine speed and engine

load)

— Specified coolant temperature 2
(dependent on road speed and intake air
temperature)

— Pre-control pulse duty facior
(dependent on specified temperature and
engine speed)

— Temperature difference via radiator for fan,
Ist speed
(dependent on air mass, load and engine
speed)

— Temperature difference for fan, 2nd speed
(dependent on air mass, load and engine
speed)

The engine control unit functionality has been
extended to include connections for the sensors
and actuators of the electronically mapped cool-
ing system:

Application of current to thermostat (output)
Radiator return flow temperature (input)

Radiator fan control (2 outputs)

Potentiometer at heater controls (input)

The sensors of the engine control unit are used to
obtain all the information otherwise required.

222 022

Function

The map temperature functions are calculated
every second.

.-:—'%he system is controlled based on the results of
Ee function calculations:

Aktivation (application of flow) of the heating
resistor in the thermostat for mapped engine
cooling for opening the large cooling circuit
(regulating coolant temperature).

— Activation of the cooling fan to support a
quick coolant temperature reduction.

Self-diagnosis

The electronically mapped cooling system is inte-
grated in the self-diagnosis.

15
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Electrical function

Regulation of coolant temperature when

driver operates heating

Potentiometer G 267 on rotary knob for tem-

perature selection

1 [

©
©

!

222 037

222 039

Micro-switch on rotary knob for tempera-

ture selection

The coolant temperature can fluctuate between
110°C and 85°C when the vehicle is driven
between partial and full load.

A temperature difference of 25°C would be
noticed as uncomfortable in the vehicle interior if
the heating were on. The driver would then "re-
adjust" constantly.

Thanks to the potentiometer G267 the cooling sys-
tem electronics recognises the driver's requested
temperature and regulates the coolant tempera-
ture accordingly, e.g. rotary knob position 70% =
95°C coolant temperature.

70%

0 110°C  Partial load

O 95°C  Partial load

O 85°C  Full load

222 038

A micro-switch on the temperature selection
rotary knob opens as soon as the "Heating off"
position is abandoned.

This activates a pneumatic two-way valve N147
which opens the coolant shut-off valve for the
heater heat exchanger and is activated by vac-
uum.



The coolant temperature setpoints

Activation of the thermostat for mapped engine
cooling (large cooling circuit or small cooling cir-
cuit) is regulated by maps.

The relevant temperature setpoints are stored in
these maps.

The engine load is the decisive factor.

The coolant temperature to be set is calculated
from the engine load (air mass) and engine

speed.

Temperature setpoints are stored in dependence
on road speed and intake air temperature in,g
second map. The required coolant temperature
setting is calculated from these variables.

By comparing maps 1 and 2, the lower value is
utilised as the setpoint and the thermostat is set
accordingly.

The thermostat is not activated until a tempera-
ture threshold has been exceeded and the cool-
ant temperature is just below the setpoint.

Nominal temperature [°c]

A Air mass [ kg/hl

90°C

n [1/min]

222 016

Map - specified temperature 1

dependent on engine speed (n) and engine load

(air mass in kg/h)

Nominal temperature [oc]

v [km/h]

—

B85
777
750
22505
RO
AR
A
A

AL

PR

Gy
2R

222 017

Map - specified temperature 2
dependent on road speed (v) and intake

air temperature (t)

17
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Electrical function

The coolant temperature sender

Temperature senders G62 and G83 operate as
NTC senders. The coolant temperature setpoints

are stored in the engine control unit in the form of Coolant temperaiure
maps. sender G62

(at engine outlet)

The actual coolant temperature values are regis-
tered at two different points in the cooling circuit
and indicated to the control unit in the form of a
voltage signal.

1) Coolant actual value 1 - -. 222 023
directlycat the coolant outlet
in the coolant distributor on the engine.

@ Coolant ‘actual value 2
at the radiator before coolant discharge
from the radiator.

Signal utilisation 222 003

Comparison of the specified temperatures stored
in the maps with the actual temperature @gives
the pulse duty factor for the application of current

to the heating resistor in the thermostat. @
Coolant temperature
Comparison of the coolant sender G83
actual values @ and @ is the basis for activation (at radiator outlet) 222 024

of the electrical radiator fan.
Substitute function

If coolant temperature sender G62 fails, a defined
substitute value of 95°C is used for coolant tem-

perature control and the 1st fan speed stays acti-
vated. J361
If coolant temperature sender G83 fails, the con- VIRV VRV
trol function remains active and the Tst fan
speed stays activated.
If a certain temperature threshold is exceeded, the A A A
2nd fan speed is activated.
3 D

If both senders fail, maximum voltage is applied B B

to the heating resistor and the 2nd fan speed G62 Gs3 292 030
stays activated.




Thermostat for mapped engine
cooling F265

A heating resistor is integrated in the wax
thermo-couple of the expansion-element thermo-
stat.

This resistor additionally heats the wax, which
expands causing the lifting pin to execute stroke

x"“ in accordance with the map. The thermostat is
adjusted mechanically via stroke x.

The heating is activated by the engine control
unit in accordance with the map via a:,PWM
(pulse-width modulated) signal.

The extent of heating varies depending on pulse
width and time.

\
.y No voltage is applied when the

A engine is stationary or during the
) engine starting cycle.

Rule:

PWM low (without voltage) = high
coolant temperature

PWM high (with voltage) = low coolant
temperature

No operating voltage

Control takes place only by means of expansion
element. The st fan speed is continuously acti-
vated.

Electrical circuit

D/15 Ignition lock terminal 15

D/30 Ignition lock terminal 30

F265 Thermostat for mapped
engine cooling F265

J363 Power supply relay for Simos
control unit

J361 Simos control unit

\
., The purpose of the thermostatic
A heating system is not to heat the
) coolant. It heats the thermostat in

a controlled manner in order o

open the large cooling circuit.

Heating resistor

222 006

/
I J363 F265

222 007

19
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Electrical function

Coolant temperature level (frequency in“%)

for thermostat-based cooling (as used until now)

and for mapped engine cooling

50

45

/\ Thermostat-based cooling

/\ (previous system)

!

35

. i
1

\ Mapped engine cooling

30

Frequency [%)]

15

|

. |
. |
|

|

10 j
5

99 103 108 112 117 121 125

Temperature [°C]

222 019

Coolant temperature“at engine outlet

The thermostat regulates the coolant tempera-
ture at a design-defined point in much the same
way as a standard expansion-element thermo-
stat without electric current (temperature at
engine outlet: 110°C).

The pre-control pulse duty factor is stored in a
separate map.

The map is required to achieve the temperature
setpoint.

The information required for this purpose is
obtained by comparing the actual temperature
and the specified temperature as a factor of
engine speed.

A temperature constant of 85°C to 110°C can be

set depending on engine load.

A Nominal temperature [°C]

R
R
2R
2R
LR
ool
A

Pre-control pulse duty factor

n [1/min]

222 018
Map, pre-control pulse duty factor
(dependent on engine speed and specified

temperature)



Activation of the electrical
cooling fan

The low temperature (full-throttle mode) is
heavily dependent on the current cooling capac-

ity.

To increase the cooling capacity, the engine con-
trol unit can also activate the two speed settings
of the radiator fan motor.

The fan is controlled (first or second fan speed)
depending on the temperature difference of the
coolant between the engine outlet and the radia-
tor outlet.

The cut-in and cut-out conditions for the fans are
stored in 2 maps in the engine control unit which
allow for these conditions. Both maps are depen-
dent on engine speed and air mass (engine

load).

The fan does not cutdin atf road
speeds above 100 kph, because

the fan does not provide addi-
tional cooling at speeds higher
than this.

Substitute function

If faults occur in the circuit of the 1st fan output
stage, the 2nd stage is activated by way of a
substitute.

If faults occur in the 2nd fan output stage, the
thermostat for mapped engine cooling is fully
energised (safety factor).

Run-on

Radiator fan run-on after turning off the engine
is time- and temperature-dependent.

A Air mass [ kg/hl

Temperature difference

n [1/min]

222 026

Map 1- Temperature difference for fan speed 1

Electrical circuit

J361

®
[ ]
®=

J293

ot g
11l

On vehicles with towbar or with air
by

31 —@

31
222 025

conditioning, two fan motors are
fitted (larger cooling circuit).

21
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Electrical function

Function diagram

30 4 30
I J!\
fH ® ||lvo
— =
#15 430 , |
D/15 G267  ’NF269 |
1
') ') e )
'f +15
S S
[] [] J \I/ \/ I [] S [] s
/ \/
Y (Eozmzmmm)
I e
~ J363 F265
_“/,_‘ J104  G70
0
ey }( B ® || ®
11 T X%a p— o
() [
I -
31 31
] ] i LT T 7 PR T
® J361
II ]/l I ]I: \—r/ \I) \I) \I/ \l/ I) \I)
1 1
® J293 1
T, T T3
V7 I v177I o
-y ﬁﬂﬂ o
— HEN- |
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Function plan legend:

Colour coding

output signal

input signal
positive
= ground

= bidirectional

ARRRE

= PWM signal

[[eXeXeXeXeXeXoXel] . . .
= diagnostic terminal

+15 = power supply ignition switsch output

+30 = power supply from:battery

The function plan represents a
simplified current flow diagram.

It shows all the links between sys-
tem components for the electroni-
cally mapped cooling system.

Legend

D/15 Ignition switch, terminal 15
F265 Thermostat for mapped engine cooling
F269 Switch for setting temperature flap
(not with Climatronic)
G28 Sender for engine speed
G62 Sender for coolant temperature
G70 Air mass meter
G83 Sender for ‘¢oolant temperature
at radiatoroutlet
G267 Potentiometer for temperature selector
rotary knob (not with Climatronic)
J17  Fuel pump relay
J104 Control unit for ABS
J293 Control unit for radiator fan
J361 Simos control unit
J363 Power supply relay for Simos control unit
N147 Two-way valve for coolant shut-off valve
S Fuse
V7  Radiator fan
V177 Radiator fan -2-

2

23
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Self-diagnosis

The self-diagnosis function of the electronically
mapped cooling system is integrated in the
engine electronics.

The self-diagnosis monitors the sensors, the actu-
ators and the control unit.

If the control unit detects a fault, it calculates a
substitute value from other input signals and pro-
vides emergency running functions.

The fault is stored in the fault memory.

In addition, measured values are displayed in
the "Read data block” troubleshooting function.

A distinction is made between the following
diagnosis cases:

— Failure of coolant temperature sender G62
(engine outlet)

— Failure of coolant temperature sender G83
(radiator outlet)

— Failure of both coolant temperature senders

— Faults in the fan output stages

— Faults in the thermostat output stage

Self-diagnosis can be performed using the Vehi-
cle Diagnostic, Testing and Information System
VAS 5051,

Fault Reader V.A.G 1551 or with

Vehicle Systems Tester V.A.G 1552.

o)y

202 002

For a detailed description of the

self-diagnosis procedure, please
refer to the Workshop Manual on
the 1.6-litre/74 kW engine, Simos
injection and ignition system.



Which of these answers are correct?
Sometimes only one answer is correct.
However, more than one— or all of the answers
may be right!

1. The differences between engine cooling with
an electronically mapped cooling system and
thermostat-controlled engine cooling are:

a) the temperature is kept as constant as
possible at an optimal level

b) different temperatures under load

c) different temperatures in the full-throttle
and part-throttle ranges

2. Temperature maps are used for coolant tem-
perature control.
To measure these values,
a) sensors have been added
b) the engine control unit sensors have been
incorporated

3. The radiator fan does not cut in above a spe-
cific road speed, because it no longer pro-
vides additional cooling. This speed is:

a) 125 kph
b) 115 kph
c) 100 kph

4. The engine control unit determines the actual
engine temperature
a) from the signals from the two coolant tem-
perature senders
b) from the signal from coolant sender G62
c) from the signal from the coolant sender
and the signal from the knock sensor

Test your knowledge

222 027

. The coolant temperature level in full-throttle

mode

a) is between 70 and 80°C
b) between 85 and 95°C

c) between 70 and 95°C

. The temperature of the coolant under part

throttle

a) is between 95 and 110°C
b) is kept at a constant 110°C
c) is kept at a constant 115°C

. The cooling fan provides additiondlcooling.

Theradiator fan is controlled according o

a) the actual coolant temperature

b) the actual temperature at the radiator

c) the temperature difference between the
engine outlet and the radiator outlet

. The thermostat is disconnected from the

power supply

a) during the starting cycle

b) when the engine is stationary
c) at high coolant temperatures

q‘p'gy/ip9iq g;g AR R R ARRS
o2
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Note
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