FIAT RITMO (BRAVO)
Engine 1.4 Tjet




AAcadeiny

®O0& 3 HRl,

© 2007 - Fiat Group Automobiles S.p.A.

All rights reserved. Distribution or reproduction by any means is forbidden.

Fiat Auto S.p.A. shall not be liable for any involuntary errors or omissions in the
publication.

The information provided in this document is subject to continual updating: Fiat

Auto S.p.A. shall not be liable for any consequences arising from use of
superseded information

This publication is for training purposes only.

For technical information, complete and fully updated for servicing purposes,
refer exclusively to the specific service manuals and service information for the
vehicles concerned.

Training Academy — Mirafiori Motor Village
P.za Cattaneo, 9 — 10137 — TORINO (ltaly)
Tel. +39 011.0044351

Fax. +39 011.0044230

Info at: training.academy@fiat.com
www.fiattraining.net

© 2007 Fiat Group S.p.A. — All rights reserved 2/165 FIAT BRAVO TJET




Fiat Group Automobiles S.p.A| | FIAT BRAVO TJet COURSE OUTLINE Training Academy

CONTENTS

B =03 103 Y - N - 4
FIRE 1.4 TJET 150 HP AND 120HP ENGINES. ...t iiiiireireirersai s rmssanse s ressse s smssenssansnnns 6
INTEGRATED ELECTRONIC INJECTION-=IGNITION......ccoiiiireiireirrerennsssersassenssemsssnnssennes 7
I CHANIC S . et e e e e e e 8
(0311010 [ KT RN 2 =LY F T 21
ELE CTRICAL COMPONENTS ...ttt ettt ettt ettt e ettt e e et ettt ettt e et e e e et e e e e e e e e e eens 43

Ao (8= (0] 73
ENGINE CONTROL ¢ttt ettt e et et et et et e e e e et et e e e e e e e et e e e e e e et e e e et e e e e e e e e eaaean 96

= [=Tod 1 do] a1 ole [F= o | [0 XS] - J TP PPP PR 119
[ 2l 10d =l 0 18] =] TP 130

5 © 2007 Fiat Group S.p.A. - All rights reserved




Fiat Group Automobiles S.p.A FIAT BRAVO TJet COURSE OUTLINE

TECHNICAL DATA

Introduction

Type of vehicle

AUTOVEHICLE

Engine

ENGINE (Type)

DISPLACEMENT (Bore and stroke)
COMPRESSION RATIO

MAX POWER (kW - rpm)

MAX TORQUE (Nm - rpm)
ENGINE IDLE SPEED (rpm)

CO MIN AFTER CATALYSER
INTAKE TIMING (Open/Close)
EXHAUST VALVES (Open/Close)
LUBRICATION

Engine oil SELENIA K P.E.

Engine Control
INJECTION
ECU (Brand - Type)

LAMBDA PROBE (Brand - Type)

TURBOCOMPRESSOR (Brand - Type)
IGNITION

ECU (Brand - Type)

COIL (Brand - Type)

SPARK PLUGS (Brand)

INIT. ADVANCE (giri/min)

Transmission
GEARBOX TYPE
GEAR RATIOS

AW N~

Technical data for Fiat Bravo 150 HP.

This chapter illustrates the technical data for the new Fiat Bravo with 1.4 16V TJET engine

198AXF1B 05 - 05B(1368 Turbo Bz - EURO 4) CM6 - 4 DOORS

198A1000
1368 (72 x 84)
9,8+0,2
110 - 5500
206 — 2250 / 230 - 3000 (con overboost)
750 £ 50
<0,3%
-2°p. P.M.S./34°d. P.M.I.
27° p. P.M.l./-2°d. P.M.S.

SAE 5W-40 Fiat qualification 9.55535-s2

BOSCH 7910A1
BOSCH LSF4. 2 (upstream)
BOSCH LSF4. 2 (downstream)
IHI VL33

BOSCH M7. 9.10.A1
BOSCH 0.221.504.024
NGK IKROF8
9°+4°at750 £ 50

MANUAL M32

1:3,818
1:2,158
1:1,475
1:1,067
1:0,875

o
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6 1:0,744
R.G 1:3,545
FINAL TORQUE RATIO (AXLE) 1:4,176
MAX DECLARED SPEED (GEAR) 212 (V1)
Silencers
ASP. AIR FILTER (°)51793178
SILENCER RESONATOR -
SYSTEMS SCA. 1% ELEMENT (°)55206760 (CATALYSER)
(Brand and 2" ELEMENT (°)46821879
type (°) 3% ELEMENT (°)51789970
emblem -
47 ELEMENT --
5" ELEMENT -
Wheels
225/40R18 92V
TYRES 195/65R15 91V | 205/55R16 91V | 225/45R17 91V REINFORCED
(ROLLING
CIRCUMFERENCE) (1937) (1928) (1934) (1943)
RIM 6%2JX15-31,5 7JX16-31 7JX17-31 7Y2JX18-35
Weights
FRONT 785
WEIGHT (STANDARD A) (kg) REAR 490
TOTAL 1275
FRONT 1000
MAXIMUM ALLOWABLE MASS ON AXLE (kg) REAR 860
TOTAL 1785
TOWABLE MASS (kg) 1300
CAPACITY (kg) 510
TOW HOOK VERTIC. LOAD (kg) 60
FUEL TANK CAPACITY (litres) 58
Emissions
URBAN 219
CO2 (g/km) EXTRAURBAN 137
COMBINED 167
URBAN 9,3
CONSUMPTION (I/100 km) EXTRAURBAN 5,8
COMBINED 7.1
.@.!;
5 I 1 65 © 2007 Fiat Group S.p.A. - All rights reserved




Fiat Group Automobiles S.p.A FIAT BRAVO TJet COURSE OUTLINE Training Academy

FIRE 1.4 TJET 150 HP AND 120HP ENGINES
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General features

The portfolio of FIRE engines includes 8V and 16V versions with displacement from 1.1 to 1.4 litres.

All these engines have atmospheric intake.

With the start of production of the EVO version of the 8V and 16V engines halfway through 2005, the
FIRE engines have confirmed a competitive position on the market for petrol engines in terms of
performance, costs and fuel consumption.

To maintain competitiveness on a market increasingly oriented toward Diesel engines to the detriment of
petrol engines, it is necessary:

Emphasise the reduction in fuel consumption to minimise the gap to reach CO2 targets

create the right “fun to drive” level to assure the right level of customer interest.

In this scenario, a FIRE 16V Turbo represents the first fundamental step with regard to the above points
and the FIAT POWERTRAIN TECHNOLOGY petrol engines program.

The FIRE TURBO is directly derived from the FIRE 1.4 MPI.

This engine is developed with two max. power levels:

an 88.2 kW (120 HP) version

a 110 kW (150 HP) version

both versions are coupled with the M32 6 gear transmission.

Turbo charge is provided by a fixed pitch turbocompressor managed by an engine control unit through a
turbo pressure electrovalve that regulates the waste gate and a shut off electrovalve (Dump valve).

The FIAT BRAVO represents the first application of the new FIRE Turbo engine.

© 2007 Fiat Group S.p.A. — All rights reserved 6 I 1 65




Fiat Group Automobiles S.p.A| | FIAT BRAVO TJet COURSE OUTLINE Training Academy

Specifications sheet

120 HP engine specifications

Power
Torque

150 HP engine specifications

Power

Torque

Torque with overboost
Power

Cylinder layout
Bore

Stroke

Total displacement
Compression ratio
Cylinder head
Engine block
Crankshaft

Valve train

Engine control

Fuel supply
Ignition
Firing order
Air intake

Anti-emissions system
Lubrication
Cooling

Production site

88,2 kW 120 HP a 5000 rpm
190 Nm (19kgm) a 1750 rpm
110 kW 150 HP a 5500 rpm
206 Nm 20 kgm a 2250 rpm
230 Nm 23 kgm a 3000rpm
4 inline

72 mm

84 mm

1368 CC

9,8

Realised in two parts in aluminium alloy

Cast iron

Steel with 8 balancing weights and 5 main bearings

Twin overhead camshafts driven by gears with play take-up
from intake to exhaust axis, hydraulic tappets and 4 valves
per cylinder

Integrated electronic injection-ignition
Bosch ME 7.9.10 A1

System with fuel recirculation
Individual coils (pencil coils)
1-3-4-2

With turbo compressor adjusted by waste gate control valve,
dump valve and intercooler

With trivalent catalytic converter and lambda probe
Forced with gear pump and green filter system

Liquid cooled with forced circulation by centrifugal pump and
closed circuit. Radiator and auxiliary expansion chamber

Termoli Factory (ltaly)
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Mechanics

Introduction
This chapter describes the major variants to the 1.4 16V TJET engine with respect to the normal intake
version.

Engine group mountings

Key
1. Valve train side mounting
2. Transmission side support
3. Torque arm

Type
This is a barycentric type engine mounting system, consisting of:

» A hydraulic type mounting on the valve gearing side

» A rubber-metal mounting on the transmission side

» Atorque rod in the lower part
The mountings are aligned on an axis that passes through the engine centre of gravity such as to obtain
reaction force with arm null.
For the Fiat Bravo this system is specific to the 1.4 TJET and so not interchangeable with the normal intake
version.

Function
The engine group mountings serve to:
» structurally connect the engine to the body shell;
» dampen the vibration generated by the engine, greatly reducing vibration and noise transferred to the
body
The mountings are sized to support the weight of the engine and the loads deriving from the torque transmitted
by the engine, and are optimised to adapt to the vehicle lay-out.

© 2007 Fiat Group S.p.A. — All rights reserved 8 / 1 65
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Engine block

Type

The block is in cast iron with high mechanical strength.

The crankshaft is supported by five main journals.

The cylinders are cut directly into the engine block and come in three size classes plus one oversize.

Specific channels in the walls of the engine block permit passage of coolant and lubricating oil.

The engine bock is specific to the TJET version, and varies from the non-turbo versions for the internal coolant
circulation and height, which has been increased by 0.8 mm

Note: Area A reserved for engine markings
Note: the values below are identical to the non-turbo versions

Cylinder barrel classes

Standard values Values with oversize of 0.1
Class Class
A 72.000 72.010 A 72.100 72.110
B 72.010 72.020 B 72.110 72.120
C 72.020 72.030 C 72.120 72.130

9 I 1 65 © 2007 Fiat Group S.p.A. - All rights reserved
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Lower engine block

Type

The lower block is realised in pressure die cast aluminium oil, with main journal caps in cast iron, cast in.
The main journal supports and caps are machined in union with the upper block.

The coupling between upper and lower block is realised by bolts and centring lugs to assure precise
alignment.

A bead of sealant is applied between the two blocks to prevent oil leaks.

For the turbo version the lower block is specific in that it has a attachment for the oil drain pipe and the
fastening of the right half shaft support.

Function

The lower engine block serves to:

Constitute the load-bearing structure with the upper block.

Support the reactions and loadings of the crank.

Constitute the rigid element with the gearbox, through a torque arm.
Permit oil return to sump.

Support the sump and engine oil.

Fasten the axle shaft.

VVYYVYVY

W
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Sump and lower block covers

Function

The sump serves to contain the engine oil. It is entirely realised in aluminium and has a threaded hole for the
engine oil drain plug.

The seal with the engine block is formed by a bead of silicon sealant.

The covers to the valve train and flywheel sides seal the crankshaft and are fastened to the engine block with
bolts.

Note: the oil drain plug is fitted with a copper gasket, which must be replaced whenever the plug is removed.

1 1 / 1 65 © 2007 Fiat Group S.p.A. - All rights reserved
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Cylinder head/heads

Type

The cylinder head is a monolithic type in aluminium alloy.

The four valves per cylinder are mounted in the respective guides and operated by two camshafts via hydraulic
tappets.

The valve guides are fitted into the corresponding seats in the head with interference.

Precision machining of the internal diameter is carried out after fitting with a specific reaming tool.

The camshafts are inserted into an upper head without tappet covers.

The upper head has two threaded holes through which engine timing tools can be inserted.

Note: the head and upper head are specific to the Turbo version, even though their basic dimensions are the
same as for the 1.4 16V version.

A “metallic multi-layer” type gasket is inserted between cylinder head and engine block. The gasket is 0.72 mm
thick and specific to the turbo version.

No cylinder head bolt retightening is required for the entire life of the engine.

The cylinder head has also been optimised for coolant circulation, and the head take-off has been eliminated.

© 2007 Fiat Group S.p.A. — All rights reserved 1 2 I 1 65
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Pistons

Type

The piston skirts are in silicon aluminium with graphite lining, and the piston heads are marked with a letter
indicating class and an arrow, which when mounting the individual pistons must point in the direction of engine
rotation (valve train side).

Misalignment between the pin axis and piston axis is 1 +/- 0.15 mm.

The pistons are specific to the turbo version, and differ from the non-turbo version pistons for the dimension
between the axis of the gudgeon pin and the head of the piston (26.6 for the turbo version and 26 mm for the
non-turbo version) and the capacity of the combustion chamber on the head (19.6 cc for the turbo version and
16.6 cc for the non-turbo version)

Note: The dimensions listed below are identical to the non-turbo version

Piston classes

Standard values Values with oversize 0.1 mm
Class Barrel diameter Piston diameter Class Barrel diameter Piston diameter
A 72,000-72.010 71,965-71,970 A 72.100-72.110 72,065-72,070
B 72.010-72.020 71,970-71,980 B 72.110-72.120 72,070-72,080
C 72.020-72.030 71,980-71,990 C 72.120-72.130 72,080-72,090
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Piston rods
s
5
2
6. _@ ___________ 1
3
Key

1. Pistonrod

2. Small end bush (not supplied as spare part)
3. Screw

4. Gudgeon pin seeger ring

5. Floating type gudgeon pin

6. Big end bearing

The piston rods are realised in carbon steel

The gudgeon pins are floating type (fixed for the non-turbo version)

The small end has an anti-friction bush (not present on non-turbo versions)
The big ends are separated by fracture

Note: No machining is allowed for uniforming weight.
Note. Straightening to recover alignment error with piston is not allowed.

© 2007 Fiat Group S.p.A. — All rights reserved 14 / 1 65
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Crankshaft

Type
Realised in forged steel (in cast iron for the non-turbo version) and is hardened using the induction procedure.

It rests on five main journals with half-shells subdivided into size classes.

Crankshaft axial play is adjusted by two shims housed at the central main journal.

Eight counterweights arranged at 180° give the crankshaft a precisely balanced rotational mass.

An oil channel runs through the entire length of the shaft to lubricate the main bearings and big ends.
The flywheel bolts have an M9 thread (M8 for the non turbo version)

Note: the dimensions given below are identical to the non-turbo version

Main journal size classes

Standard With undersize 0.127 mm
Class Class
A 47,994 48,000 A 47,867 47,873
B 47,988 47,994 B 47,861 47,867
C 47,982 47,988 C 47,855 47,861

Big end bearings

Standard big end bearing Big end bearing with undersize 0.127
41,99-42,008 41,881 - 41,863

Note: main journal and big end play are the same as for the non-turbo version

1 5 / 1 65 © 2007 Fiat Group S.p.A. - All rights reserved
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Type

The flywheel is a dual torsional mass type (Dual Mass Flywheel or DVA).
This type of flywheel is used in order to better uniform the motion of the crankshaft, and to prevent

transmission of excessive vibration to the gearbox primary shaft, thereby reducing the noise generated by the
motion of the gearbox cogs.

The flywheel consists of:
» A primary flywheel in steel
» Primary flywheel cover in steel,
» Secondary flywheel in cast iron in the area of the clutch disk resting plane
» Differential load spring inside flywheel lined with specific grease
The primary flywheel has a toothed crown that engages with the starter motor pinion.

© 2007 Fiat Group S.p.A. — All rights reserved 1 6 / 1 65
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Valve train
1. Camshaft oil seal 6. Lower cap
2. Camshaft 7. Cotters
3. Tappet 8. Oil seal
4. Upper cap 9. Valve guide
5. Spring 10. Valve

Type

Two overhead cams, in nodular cast iron, housed in an upper head unit, driven by belt and gear.

The shaft has suitably oriented and profiled cams, as many as there are valves to be operated.

The cam rise and timing angles are different for the two versions, 120 HP and 150 HP

To the front, the exhaust shaft is fitted with a toothed pulley via which it is driven by a suitably tensioned
toothed belt connected to the crankshaft.

A pair of gears mounted to the front of the shafts, transfers drive from the exhaust shaft to the intake shaft.
Note: the exhaust valves for the 150 HP version are different from the aspirated version (the material is
different), while the intake valves are identical.

120 HP intake/exhaust camshaft

Intake cam Exhadgt cam

Valve train diagram

The valve train diagram for the 120 HP version envisages:

Intake shaft

Intake valve opening 2° after TDC (Top Dead Centre) and closing 27° after BDC (bottom dead centre) with a
control rise of 0.45 mm

1 7 / 1 65 © 2007 Fiat Group S.p.A. - All rights reserved
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Exhaust shaft
Exhaust valve opening 17° before BDC and closing 2° before TDC with a control rise of 0.45 mm

150 HP intake/exhaust camshaft

Intake cam Exhaust cam

Valve train diagram
The valve train diagram for the 150 HP version envisages:

Intake shaft
Intake valve opening 2° after TDC and closing 34° after BDC with a control rise of 0.45 mm

Exhaust shaft
Exhaust valve opening 27° before BDC and closing 2° before TDC with a control rise of 0.45 mm

Note: the angular values between timing marks and the apex of the cam are values that allow for precise
determination of correct timing, from a constructional point of view. In this publication they only serve to show
the difference in timing between the 120 HP version and the 150 HP version

18 /165

© 2007 Fiat Group S.p.A. — All rights reserved




Fiat Group Automobiles S.p.A|| FIAT BRAVO TJet COURSE OUTLINE Training Academy

Hydraulic tappets
The hydraulic tappets used on this engine automatically compensate any valve play while the engine is
running, with the advantage of reducing:

» Maintenance intervals

» Engine noise.

Opening phase

When the camshaft presses on the cup (1) and as a result on
the piston (2), the oil trapped in the chamber (6), by closure of
the ball valve (4), transmits the motion of the piston (2) directly
to the sleeve (3) and as a result to the valve. In this phase,
given the high pressure to which it is subjected, a part of the oil
in the chamber (6) seeps through the minimal clearance
between the piston (2) and the sleeve (3).

Closing phase

As the valve closes, for the tappet (pushed by the force of the
spring (5) follows the profile of the cam and a vacuum is
created inside the chamber (6) that causes the ball valve (4)
to open, allow oil to enter. The oil entering the chamber (6)
replaces the oil pushed out during the valve opening phase.

1 9 / 1 65 © 2007 Fiat Group S.p.A. - All rights reserved
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Auxiliaries drive belt

Version with air-conditioner
The alternator and air-conditioner compressor are driven by a Poly-V type drive belt.
The belt is tightened by an automatic tightener, which is maintenance free.

1. Drive belt on engine

2. Alternator

3. Air-conditioner compressor
4. Automatic tightener

5. Crankshaft pulley

Note: the Turbo version has an axially smaller compressor pulley, and tightener loading has been increased

Versions without air-conditioner
Poly-V driving alternator, tightening by alternator upper fasteners with adjuster slits

1. Alternator drive belt

2. Alternator

3. Crankshaft pulley

4. Alternator upper fasteners — belt tightener.

© 2007 Fiat Group S.p.A. — All rights reserved 20 I 1 65
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Circuits/systems

Introduction

This chapter describes the features of the following systems:
Intake,

Exhaust,

Fuel supply

Crankcase gas/vapour recirculation,

Evaporation control,

Engine oil lubricating circuit,

Engine cooling circuit

VVVVVVY

Air intake circuit (turbocompressor)

The air intake circuit consists of:

1. Dynamic air intake

2. Airfilter

3. Turbocompressor

4. Intercooler

5. Intake manifold

A pipe to the air filter leads from the dynamic intake in the upper zone of the front crossbar.

21 / 1 65 © 2007 Fiat Group S.p.A. - All rights reserved
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After filtering, the air is drawn into the turbocompressor through a pipe, on which converge other pipes from:
» The dump valve system
» The gas recirculation system from crankcase
» The anti-evaporation system
The air compressed and heated by the turbocompressor passes to the intercooler where it exchanges heat
with the outside air and cools. Then the compressed and cooled air is delivered to the throttle through a rigid
pipe and then on to the intake manifold.
The connector pipe between intercooler and manifold has a bellows type joint that offers a degree of
installation flexibility, as well as vibration absorption with turbo running.
A turbo pressure sensor is installed on the intercooler-throttle connector pipe, which also has a connection for
the dump valve.
The intake manifold also carries
» The motorised throttle,
» The intake air pressure/temperature sensor,
» The injector rail and injectors
The pipes from:
» The crankshaft gas recirculation system
» The antievaporation system.
The fuel supply system differential pressure regulator is also connected to the intake manifold by a rubber tube

Turbocompressor

Type
IHI RFH3 turbocompressor with waste gate entirely managed by the Engine Control Hub via turbo pressure
solenoid valve.

Specifications

The turbocompressor is specific to the 120HP and 150HP versions.

The substantial difference between the two groups are the different characteristics of the internal impeller,
which determines the turbocharge logic.

The impeller of the 150HP version gives maximum peak pressure at high torque values, emphasising engine
“torque and power” performance.

For Turbocompressor sport mode, a further pressure increase is foreseen, to create a significant “overboost”
effect.

-4
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On the contrary, the 120HP impeller offers improved performance at low engine speeds, to render driveability
more pleasant, without excessive increase in fuel consumption.

The turbocompressor is directly connected to the oil filter (green filter) from which it receives lubrication for the
impeller shaft in addition to cooling.

The oil is drained through a pipe attached to the oil filter, that connects the turbocompressor to the lower
crankshaft and so to the oil sump.

The turbocompressor is connected to the engine cooling circuit by a feed pipe from the radiator return and a
drain pipe connected to the recirculation pipe from the thermostat to the reservoir/expansion chamber.

Coolant is circulated naturally, not forced.

The connection to the cooling circuit serves to prevent the abrupt temperature shifts produced when the
engine is switched off, and that may cause burnt oil deposits on the turbine shaft, and consequent damage.
This temperature shift could result in oxidization of the lubricating oil on the turbine shaft with consequent
carbon deposits that could damage the turbine mechanics.

Note: the seal between the turbocompressor and exhaust manifold must be replaced if the turbocompressor is
dismantled, and the securing studs checked.

Turbo pressure regulator valve

The turbo regulator electrovalve is controlled by the Engine Control Hub, and is connected as follows.
» A high pressure socket downstream of the turbo impeller,
» A connection to the waste gate actuator
» A connection to the intake pipe upstream of the turbo impeller.
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Shut-off or DUMP valve

The dump valve is electrically controlled by the Engine Control Hub.

It is connected to the intake pipe near to the throttle body, and, through a pipe incorporated in the
soundproofed engine cover upstream of the turbocompressor, the dump valve discharges excess pressure on
throttle release, to prevent excessive pressure increases (ramming) that could damage the intake pipes and
interfere with turbine function.

150 HP version turbocompressor specifications
The graph gives the turbo pressure curves without overboost (curve A) and with overboost (curve B).
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Test 1064 BA — Turbo pressure check

Fit the turbo pressure sensor to tool N° 1871003500 and fasten it with the corresponding screw.

Connect the electrical connection to the turbo pressure sensor.

Connect tool EX09 from box N° 1806338000 to tool N° 1871003500 and connect connector N° 2000017500
(as shown in fig. 1)

Fig. 1

Connect 5 bar pressure transducer EX06 to the tool and connect it to the Examiner Sam card with cable EX01.
Place the Examiner in the passenger compartment and make the connections.

Select “pressure gauge” on the examiner and set for “intake pressure” data acquisition with end scale 2000
mmHg and time selection 10 seconds.

Take the vehicle out onto the road (observing speed limits set by the highway code) and carry out the following
test.

On a country road with 3rd gear engaged.

Begin graph acquisition pressing “start” on the diagnosis instrument and after 5 seconds press full down on the
accelerator until reaching 4500 rpm.

On reaching this speed, fully release the accelerator pedal.

Display the resulting graph, read off the maximum peak value between 1900 and 2000 mbar (1444 and 1520
mmHg) corresponding to a turbo pressure of between 900 and 1000 mbar.

Disconnect Examiner and pressure transducer.

Disconnect the turbo sensor connection.

Unscrew and remove the pressure sensor from the tool.

Remove the turbo pressure check tool.

Refit the turbo pressure sensor.
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Test 1064BG Waste Gate valve actuator correct stroke check for 150 HP version

STEP

CHECK

With engine cold, check the calibration of overpressure valve
under the following operating conditions:

-Remove the soundproofing cover on the engine.

-Remove the heat guard cover on the turbine.

-Disconnect tube (1) connecting valve with turbo
overpressure regulation solenoid.

-Install tool N° 2000024800 (3) on waste gate rod

-Apply a dial gauge so it touches the end of the tool.

-Zero the dial gauge

-Connect the vacuum pump n.° 2000015500 (2) to the
overpressure valve

-Introduce a pressure of 0.74+£0.03 bar with the pump and
check on the dial gauge that the rod moves 2.00£0.5 mm.

SOLUTION IF CHECK NOT
OK

Replace turbocompressor
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Engine exhaust gases are conveyed to the manifold-three-way catalytic converter assembly, via exhaust
manifold 4,2,1, with the turbocompressor inserted between the exhaust manifold and the catalytic converter.
The front part of the exhaust pipe consists of a vibration reducing flexible element and a silencer.

The rear section of the exhaust has a terminal muffler.

The upper part of the exhaust is suitably heat-shielded to prevent heat transfer to the body shell.

The various components are mounted on brackets and flexible rings fastened to the body shell.
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Exhaust manifold

The exhaust manifold is branched into ducts forming a 4-2-1 configuration.

As can be seen in the figure, the ducts of the first and fourth cylinder combine with those of the second and
third on the turbocompressor connector flange, so they are separated.

This solution prevents the various gas flows from interfering with each other, improving performance and fuel
consumption and reducing pollutant emissions.

Note: the second and third cylinder ducts come together inside the exhaust manifold.

Catalytic converter
The three-way catalytic converter simultaneously scrubs the three gases present in exhaust emissions:

» Unburned hydrocarbons (HC);

» Carbon monoxide (CO);

» Nitrogen oxide (NOx).
Two types of chemical reaction take place in the catalytic converter:

» Oxidation of the CO and HC, converted into carbon dioxide (CO2) and water (H20);

» Reduction of the Nox, converted into Nitrogen (N2).
The converter consists of a block, a metal mesh support for dampening impact and vibration and an outer shell
in high temperature resistance, corrosion-proof stainless steel.
The block consists of a honeycomb structure made up of a ceramic material lined with a film of active catalytic
substances, platinum and rhodium, which accelerate the chemical decomposition of the toxic substances
contained in exhaust gases which, through the cells in the core at temperatures in excess of 300 ° - 350 °C,
activate the catalysers and thus the oxidation reduction reactions.
To optimise the efficiency and lifespan of the catalytic converter, a perforated sheet metal cone is fitted to
improve gas diffusion in the cells of the ceramic core.
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o
HC - CO - NO, J

1. Ceramic honeycomb block
2. Metallic support

3. Outer shell

4. Perforated sheet metal cone

Note: Due to the high temperatures present, the precious metals contained in the catalytic converter are highly
susceptible to chemical attack by any lead present in exhaust gases. Using fuel containing lead will result in
rapid and irreversible damage to the converter. For this reason, fuel containing lead must never be used, even
if in case of emergency or for an extremely short time.
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Fuel supply system

The fuel supply system serves to supply fuel at the correct working pressure to the injector group.
The system consists of:

» A fuel level indicator/pump group immersed in the fuel tank;

» A delivery pipe;

» Aninjector rail with built-in differential pressure regulator;

» A recirculation pipe.

The pump group consists of:
» An electric fuel pump;
» Fuelfilter;
» Maximum pressure regulator;
> Fuel level sensor.

The fuel pump is controlled by the Engine Control Hub via a specific power relay. An inertia switch is installed
between the negative terminal of the fuel pump and the chassis ground, which open in case of collision, to
prevent possible fire hazard due to leaking fuel.

The fuel filter is inserted in the pump group and is maintenance-free.

The pump group includes a maximum pressure regulator on the pump delivery pipe, which assures safe
recirculation of the fuel if the maximum pressure of 6.9 — 9.8 Bar is exceeded.

The pump group also includes the fuel level sensor, connected directly to the Body Computer Hub

Note: Fuel level information is transmitted from the Engine Control Hub to the Body Computer Hub via C-CAN
network.

The fuel return pipe connects the tank to the injector rail. The pipe is connected by quick-fit connectors.
The injector rail supplies fuel to the injectors, is realised in metal and has:

» Aninlet, connected to the delivery pipe,

> An outlet connected to the recirculation pipe.
The Rail incorporates a differential pressure regulator mounted in a specific housing located at the
connection with the recirculation pipe.
The regulator is in turn connected by rubber pipes to the intake manifold.

-4
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The pressure regulator assures the correct fuel supply pressure in relation to the pressure present in the

intake manifold.

Key
1. Delivery pipe
2. Injector rail
3. Pressure regulator
4,

Recirculation pipe

Fuel pressure value.
»  With key to run 3.0 bar
» With engine idling 3.5 bar
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Crankcase vapour/gas recirculation system

The system decants and burns breather gases from the crankcase. These gases consist of mixtures of air,
fuel vapours and burnt bases seeping through the piston rings, as well as lubricating oil vapour.
The vented gas from the crankcase rises up to the cylinder head and is conveyed into a separator (1) with a
membrane that permits:
» vapour condensation and recovery
» vapour absorption into the intake circuit for combustion.
Specifically, the system has two vapour intake pipes, one connected to the intake manifold (2) and the other
connected upstream of the turbocompressor (3), which permit:
» With turbo operating, gas delivery through a duct connected immediately upstream of the compressor.
» When idling or on release through a duct connected downstream of the throttle.

System cross-section

1. Connection to intake manifold

2. Connection to intake pipe upstream of turbo
compressor

3. Passage switching membrane

4. Oil vapour condensation cones

5. Qil vapour recovery on head
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Anti-evaporation system

The anti-evaporation system serves to prevent fuel vapour, made up of the lighter fractions of hydrocarbons
that mainly form in the fuel tank, from escaping into the atmosphere.

The system consists of:

Fuel tank,

Vapour separator,

Float valve,

Two-way fuel filler cap vent valve,

CANISTER active carbon filter

Active carbon filter cleaning valve,

Safety check-valve.

The system works most with high external temperatures, meaning when the temperature of fuel in the tank
increases, with consequent tendency toward increased evaporation.

This situation causes an increase in pressure inside the tank.

The two float valves on the tank and directly connected to the canister.

The fuel vapour reach the carbon filter through a calibrated hole in a valve located inside the vapour
separator/filter group.

The same calibrated hole permits entry of air into the tank through the carbon filter, as necessary as the fuel
level drops.

The CANISTER active carbon filter is connected by a pipe to the purification e-valve, which when activated by
the Engine Control Hub in certain conditions, permits intake of vapour from the engine consequently cleaning
the filter.

If due to malfunction, fuel tank internal pressure should reach dangerously high levels, the safety valve on the
filler caps allows this pressure to discharge. If necessary, this valve may open in the other direction to prevent
formation of vacuum inside the fuel tank.

VVVVVYVYY
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Active carbon filter

The active carbon filter is located under the rear right wheelarch and has two intakes, from the vent valves,
and a pipe to delivery vapour to the filter cleaning e-valve.

Filter cleaning e-valve

The valve (A) is located on the intake manifolds to the lower side, and is therefore not visible.

The valve is connected to a pipe that forks to one side to the intake manifold downstream of the throttle, and
to the other side to a connector upstream of the turbocompressor on the intake pipe. This connection
configuration allows fuel vapour to be drawn off whether idling or with engine under turbo power.

The recirculation pipes have safety check-valves (B and C).

-/
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Float valve
These valves are used for the following functions:
» To prevent liquid fuel escaping in the event of an accident with vehicle overturned;
» To allow fuel vapour to vent from the tank to the separator and active carbon filter;
» To permit tank ventilation in case of internal vacuum formation.
This valve consists of a body (1) and float/valve (2).
The function of the valve can be summarised in the following cases, in relation to the amount of fuel in the
tank.

Tank full/vehicle inclined
If the tank is full the float (2) blocks the hole (3) preventing liquid fuel from
reaching the separator.

Intermediate fuel level

If the fuel level in the tank is low, the float (2) drops, opening the passage
(3). This allows fuel vapour to exit the tank and reach the separator and
active carbon filter, or through the same circuit, ventilate the tank if tank
internal pressure is lower than external pressure.

Seal in case of roll-over

If the vehicle rolls over, however full the tank is, the float (2) closes the
hole (3) with its own weight plus that of the fuel, preventing a hazardous
flow of fuel to the vapour separator and consequent fire risk.
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Safety and ventilation valve

This valve is built-in to the fuel filler cap and performs the following functions according to the pressure
present in the tank:
» discharge of excess pressure in the tank (safety function). The pressure acts on the plate (2) and,
overcoming the pressure of the spring (1), permits excess vapour discharge to the outside.
» permits flow of air into tank when pressure in tank is lower than external pressure due to fuel
consumption. In this case, when the vacuum overcomes the pressure of the spring (4), it shifts the valve
(3) allowing air to enter the tank.

© 2007 Fiat Group S.p.A. — All rights reserved 36 / 1 65




Fiat Group Automobiles S.p.A|| FIAT BRAVO TJet COURSE OUTLINE Training Academy

Engine lubricating oil circuit

i
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Scavenge pipe with mesh filter

Oil pump

Integrated engine oil filter system

Main longitudinal channel

Sprayers (piston skirt cooling)

Vertical channels (camshaft bearing lubrication)
Oil return to sump

Engine oil pressure warning light switch

N~ LN =

Note: the oil pressure value is identical to the normal intake version. Moreover, with the integrated filter

system, the part of the pump body supporting the oil filter system has been strengthened, a modification that
has been made to all FIRE engines.
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Integrated engine oil filter system

Key:
A. turbocompressor lubrication circuit
B. modine heat exchanger cooling circuit

The lubrication system has an integrated filter system called Green Filter. The device is mounted on the
engine oil filter cartridge.
The system consists of:

» A cup containing the high filtration capacity engine oil filter cartridge, closed by a plastic plug.

» A modine type heat exchanger.

The oil flows from the pump to the oil filter system, to remove any impurities that could be extremely
damaging above all to the turbocompressor, and is delivered to the engine.

Note: The oil pressure switch is mounted on the pump oil filter support, as in the non-turbo versions.
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The oil filter system has the connector for the oil delivery pipe to the turbocompressor.
From the turbocompressor the oil flows through specific pipes that connect to the crankcase and then to the
sump.

Note: since the turbocompressor is positioned very high on the engine, the oil drain pipe is fastened in an
intermediate position on the oil filter system, in order to assure its mechanical integrity.

For oil cooling, a pipe connects directly to the thermostat, and from there the coolant reaches the Modine type
heat exchanger built-in to the oil filter system, and after passing through, returns to the main recirculation
pipes through a specific tube.

Note: the pipe unions of the integrated engine oil filter system are fitted with copper gaskets that must be
replaced whenever the pipes are removed.

Engine oil pump

The engine oil is drawn from the sump by the vacuum created by the rotation of the gears fitted to the
crankshaft.

The vacuum is present from the separation bulkhead (2) of the gears up to the oil sump scavenge pipe.
Pressure instead develops from the separation bulkhead (2) into all engine oil delivery pipes (4).

When the pressure exceeds the value of 6 bar +/- 0.3 the pressure exerted by the limiter valve (5) overcomes
the reaction of the spring underneath and moves the valve until opening the connection between the pressure
chamber (3) and the low pressure chamber (1), limiting the maximum pressure level in the circuit.

1. Low pressure chamber 4. Oil delivery duct
2. Separation bulkhead 5. Pressure limiter valve
3. Pressure chamber
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Engine oil pressure limiter valve closed position

Engine oil pressure limiter valve short-circuit position
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Engine cooling circuit

The engine cooling circuit consists of:

Coolant pump

Fluid passages in engine (optimised for turbo version)
Thermostat,

Piping to connect with radiator for vehicle interior heating
Piping to connect with engine cooling radiator

Piping to connect with heat exchanger on oil filter system
Piping to connect with turbocompressor

Recirculation piping to pump.

Reservoir/expansion chamber

VVVVVYVYVYVY

Reservoir/expansion chamber
The reservoir/expansion chamber feeds the circuit and absorbs the variations in coolant
engine temperature varies.
A calibrated valve, in the pressurised cap, permits:
» Exit of air from circuit collected in pipe from thermostat
» Entry of air when circuit is under low pressure (due to engine cooling).

Radiator
The radiator is a radiant mass with two lateral chambers for coolant intake and output.
The pipes and fins of the radiator are aluminium, the tanks plastic.

fluid volume, as

g

-
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Water pump
Blade type centrifugal fastened to the crankcase and driven directly by the valve train drive belt.

Note the pump impeller is larger than the normal intake version.

Thermostat

vt ik ]Il‘h

Mounted on the rear side of the cylinder head, serves to maintain engine at optimal temperature:
» with temperature < 80 + 2°C the thermostat (closed) switches coolant toward the pump
» with temperature > 80 + 2°C the thermostat (open) conveys coolant to the radiator.
The thermostat has a coolant temperature sensor (5) connected to the Engine Control Hub, in addition to the
various connections to the cooling system pipes:
1. to engine cooling radiator
2. tovehicle interior heater
3. to Modine heat exchanger on oil filter group
4. to reservoir/expansion chamber

Electric fan
The two-speed cooling fan increases the heat dissipation capacity of the radiator and/or conditioning system
condenser.

It is directly controlled by the Engine Control Hub according to specific functional logic.

Note: as opposed to the normal intake version, the turbo version fan is two-speed, both for the air-condtioned
and for the heated version.
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Electrical components

Introduction
This chapter illustrates the features of the electrical components (sensors /actuators) of the engine control

system.

Engine Control Hub input/output information diagram
The following diagram shows the information input to and output from the engine control unit.
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Fuel pump relay

Engine control unit 5.

Battery 6. Fuel pump
7.
8

Radiator fan relay/s

Ignition switch
Radiator fan

Engine control system relay
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9. Compressor enable relay 26. Diagnosis tool connection (via CAN network)
10. Compressor 27. Rev counter (via CAN network)
11. Ignition coil 28.  System fault warning light (direct line)
12. Spark plugs 29. Tachometer (via CAN network) and ABS control
13. Electroinjectors unit
14. Carbon filter cleaning solenoid 30. City/sport button for power steering (via CAN
15. Lambda probe (pre-catalyser) network)
16. Lambda probe (post-catalyser) 31.  Turbo pressure sensor
17. Coolant temperature sensor 32. Turbo waste gate pressure valve
18. Pinging sensor 33.  Shut-off valve (DUMP)
19. Throttle control actuator and throttle 34. Accelerator pedal sensor
position sensor 35. Brake pedal stop light switch
20. Engine speed and TDC sensor 36.  Clutch pedal switch
21. Injection phase sensor 37. Line pressure sensor
22. Air temperature/absolute pressure sensor 38.  Cruise control lever
23. Oil pressure switch 39. Vehicle speed signal (via CAN network)

24. Body computer (connection to C-CAN
network)25. CODE control unit (via
CAN network)

Engine Control Hub

Type

Bosch Motronic ME 7.9.10 A1 motorised throttle, based on control of engine torque demanded by driver.
This belongs to the category of sequential timed integrated electronic injection/ignition systems.

The control unit has a flash EPROM memory, reprogrammable from the outside without intervening on the
hardware.

If the injection control unit or throttle body are replaced, the throttle position self-teaching procedure must be
repeated.

Function
The system serves to control the engine and connected systems

Location
The control unit is mounted in engine bay and is capable of withstanding high temperatures.

-/
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Specifications and function
Through its sensors, the Engine Control Hub (or ECH) regulates the quantity of air/fuel and the ignition
advance, in order to permit correct engine function as engine load and environmental conditions vary.
The fuel injection system is indirect type, so the injectors spray the fuel behind the intake valves.
The ignition system is static type with coil for the spark plugs, and power modules contained in the ECH
The ECH controls and regulates turbo pressure through:

» A turbo pressure sensor located on the intake duct

» An electrovalve acting on the waste-gate actuator.
Through the lambda probe upstream of the converter the ECH verifies that combustion is within optimal
values.
The ECH is self-adapting, and so is able to recognise the changes taking place in the engine and compensate
for them according to “self-adapting” functions, both at idle speed and under high engine loading.
The system complies with EOBD standards and so is able to detect the presence of misfires, the functional
integrity of the catalytic converter and to indicate any malfunctions in the exhaust emissions system through Mil
warning lights.
The fuel supply system has a return circuit and mechanical differential pressure regulator. The fuel pump is
controlled by the ECH.
Through relays, the ECH controls activation of the engine cooling fan and air-conditioning compressor
activation.
The ECH is connected to the C-CAN communications network, of which it is a terminal.
For activation of the MIL engine control warning lights, the connection is direct.

Messages received and transmitted over C-CAN network

The ECH transmits and receives a series of messages over the C-CAN network. These messages are used
mainly to carry out functions in synergy with other hubs (for example, transmission/reception of data for ESP
function, or transmission of information on engine temperature to the Instrument Panel Hub).

The following table gives the most significant messages defined as states, since in addition to basic
information, generally these also contain any error state indications.

Messages transmitted over C-CAN network

Requests for ECH unlock code (IMMO code) for the CODE function.
Engine revs state

Engine oil minimum pressure state

Engine temperature state

Engine over temperature state

Brake pedal state

Clutch pedal state

Cruise control state for display on instrument panel
Turbocompressor pressure state

Fuel consumption state

Condition compressor on state

ESP/ASR control parameter state

Engine parameter states for robotic transmission control.

VVVVVVVVVYVYYVYY

Messages received from C-CAN network

ECH unlock code for CODE function

Key to ON state on network

Vehicle speed state

Brake Hub parameter state for ESP/ASR control
Robotic transmission hub parameter states

Sport button pressed state from Power Steering Hub
Alternator state

Fuel level state

VVVVVVYY
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Electrical connections

Engine Control Hub Pin out

Note: all pins are listed, including any not effectively used, or not used for Fiat Bravo applications.

60-pin engine side connector

Pin 1 Control (-) Lambda probe heater
downstream of catalyser

Pin 2 Control (-) cylinder 3 injector

Pin 3 Control (-) canister electrovalve

Pin 4 Control (-) cylinder 2 injector

Pin 5 Control (-) dump valve

Pin 6 CNG injector not used

Pin 7 CNG injector not used

Pin 8 CNG injector not used

Pin 9 Turbo pressure and air
temperature/pressure sensor 5V power
supply

Pin 10 Motorised throttle potentiometer 5V power
supply

Pin 11 Timing sensor 5V power supply

Pin 12 Timing sensor signal

Pin 13 Motorised throttle potentiometer ground
reference

Pin 14 Engine oil temperature reference ground
not used

Pin 15 Alternator terminal (D+) not used

Pin 16 Control (-) Lambda probe heater
downstream of catalyser

Pin 17 Control (-) cylinder 1 injector

Pin 18 Control (-) waste gate not used

Pin 19 Control (-) cylinder 4 injector

Pin 20 CNG injector not used

Pin 21 Turbo pressure sensor signal

Pin 22 Motorised throttle potentiometer TPS2
signal

Pin 23 N.C.

Pin 24 Intake air temperature

Pin 25 Intake air pressure signal

Pin 26 N.C.

Pin 27 oil level switch not used

Pin 28 Timing sensor ground reference

Pin 29 Engine temperature sensor ground
reference

Pin 30 Exhaust gas temperature sensor ground
not used

Pin 31 Cylinder 1 ignition coil command

Pin 32 CNG rail temperature sensor signal not
used

Pin 33 Exhaust gas temperature signal not used

Pin 34 Engine oil temperature signal not used

Pin 35 Engine oil pressure switch

Pin 36 Pinging sensor ground

Pin 37 Revs sensor (-)

Pin 38 Revs sensor (+)

Pin 39 N.C.

Pin 40 N.C.

Pin 41 N.C.

Pin 42 Motorised throttle potentiometer “TPS1”
signal

-4
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Pin 43 Engine temperature signal

Pin 44 Turbo pressure and air temperature and
pressure sensor reference ground

Pin 45 N.C.

Pin 46 Cylinder 3 ignition coil command

Pin 47 Cylinder 4 ignition coil command

Pin 48 Cylinder 2 ignition coil command

Pin 49 Throttle servo motor power supply (+)

Pin 50 Throttle servo motor power supply (-)

Pin 51 Pinging sensor signal

Pin 52 Reference ground Lambda probe
upstream of catalyser

94-pin vehicle side connector

Pin 1 Engine system ground on battery negative

Pin 2 Engine system ground on battery negative

Pin 3.Power supply positive 12V from F17 10A

Pin 4.Engine system ground on battery negative

Pin 5 Power supply positive 12v from F17 10A

Pin 6 Power supply positive 12V from F16 7,5A

Pin 7 Linear pressure sensor reference ground

Pin 8 Starter control relay LSD not used

Pin 9 N.C.

Pin 10 N.C.

Pin 11 Conditioner compressor relay command

Pin 12 Engine cool. fan relay command (speed
2)

Pin 13 Engine cool. fan relay command (speed 1
or single speed)

Pin 14 Engine cool. fan relay command (speed 3
or PWM)

Pin 19 Control (-) turbo pressure waste-gate
electrovalve

Pin 27 Accelerator pedal potentiometer “POT 2”
5V power supply

Pin 28 Linear pressure sensor 5V power supply

Pin 29 Accelerator pedal potentiometer “POT 2”
reference ground

Pin 30 Accelerator pedal potentiometer “POT 1”
reference ground

Pin 31 Starter control relay HSD not used

Pin 32 N.C.

Pin 33 Alternator L terminal D + not used

Pin 34 N.C.

Pin 35 N.C.

Pin 36 N.C.

Pin 37 N.C.

Pin 38 N.C.

Pin 39 N.C.

Pin 40 N.C.

Pin 41 N.C.

Pin 42 N.C.

Pin 43 N.C.

Pin 44 N.C.

Pin 45 N.C.

Pin 53 Reference ground Lambda probe
downstream of catalyser

Pin 54 Reference ground Lambda probe
downstream of catalyser

Pin 55 Signal from Lambda probe upstream of
catalyser

Pin 56 N.C.

Pin 57 Alternator terminal F not used

Pin 58 CNG rail pressure sensor not used

Pin 59 Oil condition sensor not used

Pin 60 N.C.

Pin 46 N.C.

Pin 47 N.C.

Pin 48 N.C.

Pin 49 Accelerator pedal potentiometer “POT 1”
5V power supply

Pin 50 N.C.

Pin 51 N.C.

Pin 52 N.C.

Pin 53 CAN protection ground not used

Pin 54 CNG petrol selector switch not used

Pin 55 Accelerator pedal potentiometer “POT 2”
potentiometer signal

Pin 56 N.C.

Pin 57 Linear pressure sensor signal

Pin 58 N.C.

Pin 59 G force sensor not used

Pin 60 Vehicle speed sensor not used

Pin 61 “Resume” signal from cruise control stick

Pin 62 N.C.

Pin 63 Clutch pedal switch signal

Pin 64 Conditioner enable command

Pin 65 N.C.

Pin 66 CAN-L network (transit) not used

Pin 67 CAN-H network (transit) not used

Pin 68 Fuel pump relay command

Pin 70 Power supply positive F18 10A

Pin 71 MIL warning light command

Pin 72 Engine control system main relay
command

Pin 73 CNG pressure valve (shut-off) not used

Pin 74 N.C.

Pin 75 CNG tank valve not used

Pin 76 Accessories key switch not used

Pin 77 CNG tank pressure sensor not used

Pin 78 N.C.

Pin 79 Accelerator pedal potentiometer “POT 1”
potentiometer signal

Pin 80 Clutch potentiometer not used

Pin 81 N.C.

Pin 82 Stop light switch signal

Pin 83 N.C.
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Pin 84 “+“ signal from cruise control stick Pin 90 Fiat Code W line not used
Pin 85 “ON/OFF* signal from cruise control stick Pin 91 K line

Pin 86 “-“ signal from cruise control stick Pin 92 N.C.

Pin 87 Stop light switch signal Pin 93 N.C.

Pin 88 CAN network terminal C-CAN-L Pin 94 Engine revs signal not used

Pin 89 CAN C-CAN-H network
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Sensors
Revs sensor

Type
The revs sensor is an inductive type sensor, meaning that it functions by means of variations in the magnetic
field generated by the passage of the teeth on a phonic wheel (60-2 teeth).

Function

The revs sensor is used by the Engine Control Hub for:
» Determining crankshaft rotation speed
» Determining crankshaft angular position.

Location
The revs sensor is mounted on a bracket fastened to the engine block “facing” the phonic wheel positioned on
the crankshaft pulley.

Specifications and function

The sensor consists of a tubular sheath (1) containing a permanent magnet (3) and an electric winding (2).
The magnetic flux created by the magnet (3) oscillates due to the passage of the phonic wheel teeth.

This oscillation induces an electromotive force in the winding (2), producing a voltage at the winding terminals
that is alternately positive (tooth facing sensor) and negative (concave space facing sensor).
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Sensor

Output signal

Signal corresponding to two missing teeth

Crankshaft pulley with phonic wheel

The peak voltage values output from the sensor depend, all other factors being equal, on the distance
between the sensor and the tooth.

The phonic wheel has sixty teeth, two of which are removed to form a zero reference. The gauge of the wheel
thus corresponds to an angle of 6° (360° divided by 60 teeth).

The timing point corresponds to the end of first tooth after the space of the two missing teeth: when this
passes under the sensor, the engine is with pistons 1-4 at 114° before TDC.

N

Electrical specifications
Resistance at sensor terminals; 860 Q +/- 20% at 20°C.

Mechanical specifications
The required distance between phonic wheel and sensor (air gap) to obtain correct signals, must be between
0.5-1.5mm.

Example of revs signal read on an oscilloscope

© 2007 Fiat Group S.p.A. — All rights reserved 50 I 1 65




Fiat Group Automobiles S.p.A|| FIAT BRAVO TJet COURSE OUTLINE Training Academy

Electrical connections

Pin-A
II:- ."._ :/z 4*’ : .I II |
Pin A Signal +
Pin B Signal -

Timing sensor

1
!
e

Type

The timing sensor is a Hall effect type sensor. A semiconductor wafer with current flowing through it
immersed in a normal magnetic field generates a potential difference at the terminals, known as “Hall”
voltage.

Function

The timing sensor is used by the Engine Control Hub to recognise top dead centre of the cylinders in order to
synchronise ignition timing and fuel injection

Location
The timing sensor is located on the upper head in a specific housing, and faces onto the intake side camshaft.
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Specifications and function

A semiconductor wafer with current flowing through it immersed in a normal magnetic field (force lines
perpendicular to direction of current) generates a potential difference at the terminals, known as “Hall”
voltage.

If the current intensity remains constant, the voltage generated only depends on the intensity of the magnetic
field. It is thus sufficient that the magnetic field intensity varies periodically to obtain a modulated electrical
signal, the frequency of which is proportional to the rate of change of the magnetic field.

To obtain this variation, the distance between the sensor and the phonic wheel on the camshaft axis is varied,
making use of the valve timing mark.

As the pulley rotates the distance varies and high tension signal is generated at the reference mark.

Electrical specifications
Supply voltage 5V +/- 10%
Maximum voltage 16V

Mechanical specifications
Airgap 1 +/- 0,5 mm
Fastening screw tightening 8 +/- 1,6 Nm

Example of timing signal read on an oscilloscope

Note: the sensor is powered directly by the Engine Control Hub
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Electrical connections

Pin 1 ground
Pin 2 signal
Pin 3 5V power supply

Engine coolant temperature sensor

Type
This is an NTC type sensor (Negative Temperature Coefficient).

Function

The engine coolant temperature sensor is used by the Engine Control Hub to calculate engine temperature.
This information is obtained by exploiting the capacity of the sensor element to vary its resistance according to
temperature.

Location
The engine temperature sensor is mounted on the thermostat group.

Specifications and function
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Key

1. NTC resistor
2. Sensor body
3. Electrical connector

The reference voltage for the NTC unit is 5 Volts. Since the Engine Control Hub input circuit is designed as a
voltage splitter, this voltage is divided between a resistor present in the Engine Control Hub and the NTC
resistor of the sensor.

It follows that the Engine Control Hub is capable of evaluating the variations in sensor resistance through the
changes in voltage, and thereby obtain temperature information.

Electrical specifications

Power supply 5 V

Maximum current 2,5 mA
Maximum power at 25 °C 15 mW

Comparison table °C/ Q
Internal resistance given is nominal

°C Q
-40 48805 50 806.9
-30 27414 60 575.8
-20 15971 70 418.1
-10 9620 80 308.6
0 5975 90 231.2
10 3816 100 175.7
20 2502 110 135.2
25 2044 120 105.4
30 1679 130 83.1
40 1152 140 66.2

Mechanical specifications
Tightening torque 22 Nm

Electrical connections

Pin 1 signal
Pin 2 ground
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Intake air temperature and pressure sensor

Type

The sensor incorporates:
» An NTC sensor (Negative Temperature Coefficient) to measure intake air temperature;
» A pressure sensor consisting of a Wheatstone bridge printed onto a ceramic membrane.

Function
The intake air temperature and pressure sensor is used by the Engine Control Hub for:
» Calculating the pressure in the intake manifold downstream of the throttle valve
» Calculating the air temperature in the intake manifold downstream of the throttle valve.
Both measurements are used by the Engine Control Hub to define the quantity of air drawn in by the engine,
and the information is then used to calculate injection time and ignition point.

Location
The air temperature and pressure sensor is mounted on the intake manifold.

Specifications and function

¥ © 1. Ground
:|r—,——-n 2. NTC

PRESSURE 2.0
sensor o 4.Ua (Signal
output)
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Temperature sensor

Temperature sensor specifications

T(°C) Rn(Q) T(°C) Rn(Q) T(°C) Rn(Q)

-40 48153 20 2510.6 80 329.48
-35 35763 25 2062.9 85 284.06
-30 26376 30 1715.4 90 246.15
-25 20376 35 1431.8 95 213.68
-20 15614 40 1199.6 100 186.00
-15 12078 45 1008.6 105 162.35
-10 9426.0 50 851.10 110 142.08
-5 7419.0 55 720.65 115 124.66
0 5886.7 60 612.27 120 109.65
5 4706.9 65 521.91 125 96.68
10 3791.1 70 446.33 130 85.45
15 3074.9 75 382.89

The air temperature sensor consists of an NTC (Negative Temperature Coefficient) thermistor. The resistance
presented by the sensor decreases as temperature increases.

The control unit input circuit distributes the 5 volt reference voltage between the sensor resistors and a fixed
reference value, obtaining a voltage proportional to resistance and therefore temperature.

Absolute pressure sensor

v Output signal Output power supply: 5V

4,65

0.4 o

20 Absolute pressure Pabs 25p .f:kh]

The sensitive element of the pressure sensor consists of a Wheatstone bridge printed onto a ceramic
membrane.

One face of the membrane has the absolute vacuum reference while the other face reacts against the vacuum
present in the intake manifold.

Before being transmitted to the engine control unit, the signal (piezoresistance) derived from the deformation
the membrane undergoes is amplified by an electronic circuit containing the same support that houses the
ceramic membrane.

With engine off, the diaphragm deflects according to atmospheric pressure. This gives precise altitude data
with the key inserted.

While the engine is running the effect of the vacuum acts mechanically on the sensor membrane, which
deflects varying the resistance value.

Since the power supply is kept rigorously constant (5V) by the control unit, varying the resistance value varies
the output voltage value.
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Electrical connections

: < — rzﬁ
L ===
) '\,.
s ‘::::-_.I- i |=|
Pin 1 ground
Pin 2 air temperature sensor signal
Pin 3 5V power supply
Pin 4 intake manifold air pressure signal

Test 1056BU - Intake air temperature and/or pressure sensor function check

STEP | CHECK

Sensor power supply check

Connect the Examiner in voltmeter mode to pins 1 and 3
1 of the pressure sensor connector

Turn the key to RUN

Check for voltage of approx. 5 Volts

Pressure signal check

Connect the Examiner in voltmeter mode: black pin to pin
2 1 of the sensor and red pin to pin 4

Start the engine

Check for voltage signal of approx. 1 volt and that the

value increases as per the graph on acceleration

Temperature signal check
Disconnect the sensor connector

SOLUTION IF CHECK NOT OK

Restore continuity of wiring
between the engine control unit
and the pressure sensor.

If power is interrupted at control
unit output replace the ECH control
unit [PR_1056B82]

Replace the intake air
temperature/pressure sensor
[PR_1056B54]

Replace the intake air
temperature/pressure sensor

3 Connect the Examiner in Ohmmeter mode to sensor pins [PR_1056B54]
1 and 2.
Check for resistance as per the characteristic curve.
/l:|” o 1,6round
L1 2 NTC
a 3 +5V
PRESSURE
sensor = 4. Ua (Signal
output)

571165
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Turbo pressure sensor

Type
The turbo pressure sensor is a sensor consisting of a Wheatstone bridge printed onto a ceramic membrane.

Function
The turbo pressure sensor is used by the Engine Control Hub to calculate turbocharge pressure downstream
of the intercooler.

Location
The sensor is mounted on the intake pipes in a specific housing before the motorized throttle valve.

Specifications and function

The sensor has the same features as the intake air pressure sensor.

The Engine Control Hub uses this signal to manage the turbocharge pressure, and to estimate the mass of air
trapped in the cylinder, used to meter the fuel.

Main functional parameters
» Pressure range: 20 + 250 kPa +/- 3,4 kPa

Main electrical interface parameters
» Power supply: 5V from ECU
» Currentat5V: 9 mA
» Absorption: max 0.1 mA
» Pressure signal: analogue (%of power supply voltage)
» Resistor load: Rpull-up = 680 kQ
Electrical connections

Pin 1 5V power supply
Pin 2 ground signal
Pin 3 turbo pressure signal
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Test 1064 Bl — Turbo sensor function check

STEP | CHECK SOLUTION IF CHECK NOT OK
Sensor power supply check Restore continuity of the wire between
Connect with the Examiner in Voltmeter mode to engine control hub and pressure

1 pins 1 and 2 of the pressure sensor connector sensor.
Turn the ignition key to RUN If power is interrupted at the engine
Check presence of approx. 5 Volt voltage control hub out, replace the control
hub [PR_1056B82]
Pressure signal check Replace the turbo sensor
Connect with the Examiner in Voltmeter mode. [PR_1064B26]
black pin to pin 2 of the sensor and red pin to pin 3
2 Start the engine

Check for presence of 1.5 Volt signal and that this
increases up to approx 4.5 Volts on acceleration

Atmospheric pressure sensor

Type
The atmospheric pressure sensor serves to measure atmospheric pressure.

Location
The sensor is built-in to the Engine Control Hub

Specifications and function
The information is used by the ECH to correct the quantity of air drawn in by the engine according to altitude.
This information is used to calculate injection time and ignition point, as well as to control the turbocompressor.
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Pinging sensor

Type
The pinging sensor is piezoelectric type.

Function
The pinging sensor is used by the Engine Control Hub to recognise pinging in the combustion chamber.

Location
The sensor is mounted on the crankcase to the rear, and detects the intensity of the vibration caused by
premature ignition in the combustion chamber.

Specifications and function

.-4-

: A
& /\ /\
uw

The molecules of a quartz crystal are characterised by electrical polarisation.

In rest conditions (A) the molecules do not have any particular alignment.

When the crystal is subject to pressure or is struck (B), the molecules align the more the higher the pressure
the crystal is subjected to.

This alignment produces a voltage at the crystal terminals, which is interpreted and adapted over time (shifts
due to engine ageing) by the Engine Control Hub, permitting recognition of engine knock in order to reduce
ignition advance until the phenomenon ceases.

Following this, advance is gradually restored to low values.

A. Rest position
B. Position under pressure

Electrical specifications
Resistance at sensor terminals is about 4,87 Mohm +/- 20%
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Mechanical specifications
Tightening torque of pinging sensor must be 20 Nm +/- 20%

Electrical connections

Pin 1 signal
Pin 2 ground

Accelerator pedal sensor

Type
The accelerator pedal sensor consists of a main potentiometer and a second safety potentiometer built-in to a
single casing.

Function

The sensor is used by the Engine Control Hub to recognise the position of the accelerator pedal in order to
manage the torque required by the vehicle user.

Location
The sensor is fitted to the accelerator pedal.
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Specifications and function
The sensor consists of a casing, fastened to the accelerator pedal support, which contains a shaft mounted in
an axial position and connected to the dual track potentiometer.
A spring exerts the correct resistance to pressure on the shaft, while another spring assures pedal return on
release.
The injection control unit actuates the following "recovery™ strategies in the following conditions:

» in case of failure of one of the two potentiometers, the control unit uses the remaining track,

without limiting torque, and controls plausibility with the brake switch.
» in case of total failure of both potentiometers, it disables throttle aperture.

Diagram of inside accelerator pedal sensor

= ]
3] 3 ou
| i
o3 1
8 3 _
—— ] |
l__|2

Rni=(Rt1-) + Rp! + (Rti+)
Rn2={Rt2-) + Rp2 + (Rt2+)

Electrical specifications

Power supply 5V +/-03V

Series resistance and contact resistance RS+RC 1Kohm +/- 04ohm
Potentiometer resistance RN1 1.2 Kohm +/- 05 Kohm
Potentiometer resistance Rn2 1.7 kohm +/- 08 Kohm

Electrical connections

Pin 1 potentiometer 2 5V power supply
Pin 2 potentiometer 1 5V power supply
Pin 3 potentiometer 1 ground

Pin 4 potentiometer 1 signal
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Pin 5 potentiometer 2 ground
Pin 6 potentiometer 2 signal

Lambda probe

et

Pre Cat probe Post Cat probe

Tipologia
The Lambda probes Bosch LSF4.2 are both (pre-catalyser and post-catalyser) planar type

Funzione

The Lambda probes are used by the Engine Control Hub for:
» Checking combustion performance (stoichiometric ratio) (Pre Cat)
» Making the self-adaptation corrections (Pre Cat)
» Checking the functional status of the catalytic converter (post Cat)

Note: to obtain an optimal fuel/air mixture, the quantity of air drawn in by the engine has to be equal to the
theoretical quantity that serves to burn all the fuel injected.

In this case the Lambda factor (1), which is the ratio between the quantity of air taken in and the theoretical
quantity of air (to burn all the fuel injected) is equal to 1.

Therefore:

Lambda = 1 ideal mixture

Lambda > 1 lean mixture

Lambda < 1 rich mixture
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Rich mixture (lack of air)
Lean mixture (excess air)

Location
The first probe is fitted downstream of the catalytic converter and the second in the section downstream of the
converter.

Specifications and function

When it comes into contact with exhaust gases, the Lambda probe generates an electrical signal, the voltage
value of which depends on the concentration of oxygen present in the gases themselves.

This voltage is characterised by an abrupt variation when the composition of the mixture shifts from the value
Lambda = 1.

The Lambda probe is heated by the injection control unit proportionally to the temperature of the exhaust
gases.

This prevents heat shock to the ceramic body due to contact with condensation, present in the exhaust gas
when the engine is cold.

The measuring cell and the heater are built-in to the “planar” (stratified) ceramic element, with the advantage
of obtaining rapid heating of the cell, such as to permit “closed loop” (Lambda = 1) control within 10 seconds
of starting the engine.

Connecting element
Protective sleeve
Planar sensor element
Ceramic support pipe
Probe seat

Ceramic gasket
Protective pipe

Noghkwh=
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Lambda probe function is based on the principle of an oxygen concentration cell with solid electrolyte.
The surfaces of the measuring cell are lined with microporous layers of inert material.

1 r—d

N M I

...... B N
s gt

,,,,,,,,,

Side exposed to exhaust gas
Side exposed to atmosphere
Heating element
Probe terminals where potential difference is generated
Heater electrical specifications
Nominal voltage 12V
Maximum voltage 14V
Nominal power 7W
9 ohm resistance at 20°C
Maximum current 2.1 A at 13 V Tightening torque
45 +/-4,5 Nm

PN~

Electrical connections
Pre Cat probe

Pin 1 signal

Pin 2 ground signal

Pin 3 heater command
Pin 4 12 V power supply

Post Cat probe

Pin 1 signal

Pin 2 ground signal

Pin 3 heater command
Pin 4 12 V power supply
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Engine oil pressure sensor

Type
The sensor is a contact type sensor.

Function

The pressure sensor is used by the control unit to recognise the preset engine oil pressure value. The signal
is sent via C-CAN network to the Body Computer Hub to manage the logic for lighting the warning light on the
instrument panel.

Location
The sensor is positioned on the engine oil filter support

Electrical connections

Pin 1 connection with the Engine Control Hub

-/
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Stop pedal switch

Type
Two stage switch

Function
The stop pedal switch is used by the Engine Control Hub to manage strategies associated with driveability

Location
The switch is located on the brake pedal

Specifications and function

The switch consists of a container that contains two switches, one normally open (N.O) and one normally
closed (N.C).

When operating, the N.O switch closes while the N.C switch opens, so the N.C. switch serves to recognise
brake pedal at rest and the N.O switch serves to recognise brake pedal pressed.

The diagram below shows the electrical circuit in brake pedal pressed condition, and its functional principle
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. | L__C_.ﬂ—l | I 1,203 | 3 L
c ﬂ. ﬁ D 2, 7103
q

Key:

A . power supply positive

B. power to electrical user

C/D redundant control switch.

P brake pedal pressed state

R brake pedal released

Note: at approx. half of the pedal excursion both switches are closed. This situation is used to test the
coherence of the signals from the two switches.
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Electrical connections

241 3
Pin 1 normally closed switch signal
Pin 2 normally open switch signal
Pin 3 normally closed switch power under key
Pin 4 normally open switch power under key

Clutch pedal switch

Tipologia
Electric switch
Funzione

The clutch pedal switch is used by the Engine Control Hub to manage strategies associated with driveability

Ubicazione
The switch is fitted to the clutch pedal.
Note: the switch is not present on versions with MTA gearbox.

Specifications and function
The switch consists of a container with a normally open switch (N.O) that closes when the clutch pedal is
pressed.
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Electrical connections

Pin 1 N.C.

Pin 2 connection to chassis ground
Pin 3 N.C.

Pin 4 switch signal

Linear pressure switch (air-conditioner)

-
I8 HAale

j
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Type
Linear pressure switch

Function
The linear pressure switch controls the correct function of the system substituting the function of the
quadrinary pressure switch. It is used by the Engine Control Hub to:

» Control activation of the conditioner compressor safety function

» Control activation of the engine cooling fan.

Location
The switch is fitted on the air-conditioner system high pressure circuit.

Specifications and function

Each change in pressure corresponds to a voltage signal.

The operating range of the linear sensor varies from 3.018 bar up to 29.508 bar as per the characteristic
pressure curve (Bar) over the output voltage percentage (%Vdc).

Compressor operation is enabled and fan speed adjusted according to the variation in pressure that takes
place in this range. Below these values the compressor is disabled as a safety condition to prevent
damage to the system itself.
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Electrical specifications
Power supply voltage 5V+/-10%
Temperature range -5°C + 80°C
Power supply current 7mA Max
Mechanical specifications
Tightening torque is 8.5 +/-3 Nm
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Note. Pressures are expressed in KPa
Electrical connections

Pin 1 Ground
Pin 2 Power supply voltage
Pin 3 Output signal

Note: the power supply voltage may vary by +/- 10% and sensor operating temperature is between 5°C and
80°C.
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Cruise control stick

Type
Cruise Control function command switches incorporated in a specific control stick

Function

The switches are used by the Engine Control Hub to:
> Activate the cruise control function;

> Set/adjust vehicle speed;

> Resume previously set function

Location
The switches are on a specific control stick fastened to the combiswitch

Specifications and function

The petrol engine control system with motorised throttle valve and electronic injection time control have cruise
control among their available functions, or the possibility of automatically maintaining the vehicle at a cruising
speed set by the driver.
The combiswitch group includes a lever with all the cruise control buttons, and specifically:

» The system enable/disable ring switch;

» The lever with vehicle speed increase( SET +) / decrease (SET-) controls;

» The Resume button to resume a previously memorised speed.
The electronic system is controlled by the Engine Control Hub.
It automatically maintains the cruising speed set by the driver by directly controlling the engine.
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Electrical connections

L 1
Pin 1 RESUME button signal
Pin 2 + 12V power supply
Pin 3 N.C.
Pin 4 ON/OFF switch signal
Pin 5 SET + signal
Pin 6 SET - signal

(i)
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Actuators

Motorised throttle valve

Type
Throttle valve with motorised throttle control and position sensor

Function
The motorised throttle valve is used by the Engine Control Hub to regulate the quantity of air taken in by the
engine.

Location
The motorised throttle valve is mounted on the intake manifold

Specifications and function
The ME 7.9.10 system pilots the motorised throttle valve on the basis of the demand of driving torque from
the accelerator pedal signal. This signal is processed by the Engine Control Hub, which produces more or
less accentuated throttle apertures.
The aperture of the throttle is controlled by means of a direct current servo motor built-in to the throttle valve
body with PWM signals.
Valve excursion is from 0° to 80° and thus includes regulation of engine idle speed.
The throttle body is fitted with two integrated potentiometers installed such that one controls the other and
vice-versa.
In case of failure of one of the two potentiometers, or in case of lack of fuel, according to the position of the
accelerator, the control unit reduces engine torque:
» Pressed fully down, it cuts fuel to one or more pistons up until reaching a maximum speed of 2500 rpm.
» In the intermediate positions, it cuts fuel to one or more pistons until reaching a speed lower than 1200
rpm.

Note: If the throttle body or engine control hub, or air intake manifold are replaced, it is necessary to repeat
the self-teaching procedure.
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Electrical connections

ALE
654
Pin 1 Throttle aperture servo ground
Pin 2 TPS1 and TPS2 potentiometer ground
Pin 3 TPS1 and TPS2 potentiometers 5V pos.
Pin 4 Throttle aperture servo positive
Pin 5 TPS2 potentiometer signal
Pin 6 TPS1 potentiometer signal
Injectors

1. Seal on ralil

2. Seal on intake manifold
3. Connector
4

Reference mark for correct assembly
Bosch EV14 ET Top Feed electroinjectors (fuel intake from top part of injector, where electromagnet is
housed.

Function
Used by Engine Control Hub to inject fuel into the intake ducts behind the intake valves.
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Location
Fastened in specific housings in the intake manifold and facing onto the two intake valve ducts. United by a
shared feed line fitted with differential pressure regulator.

Specifications and function
The injector consists of:
» a central body, housing the command solenoid, connected to its supply,
» the shutter/sprayer assembly,
» the washers, one between injector and Rail connection, the other between injector and intake
manifold
» areference notch for correct orientation
The electroinjectors are double jet type (with spray inclined with respect to the injector axis), and are specific
for engines with 4 valves per cylinder. They effectively manage to orient the jets toward the two intake valves.

Note: there are a total of 10 holes on the spray nozzle, divided into 2 banks of 5, which have ten small
diffusion cones making up the two diffusion cones that point at the two intake valves.

The injectors are controlled via a grounding command by the Engine Control Hub in a timed sequential
manner, meaning that the four injectors are commanded according to the intake sequence of the engine
cylinders, whereas the delivery to each cylinder may already start in the expansion phase up to the phase
where intake has already started.

When then Engine Control Hub grounds the circuit, a current passes through the winding creating a magnetic
field that attracts the shutter and allows pressurised fuel to pass through the nozzle.

The quantity of fuel injected depends on the shutter opening time, which in turn depends on the delivery time
of the electromagnet. This time, known as injection time, is calculated by the Engine Control Hub for the
various operating condition the engine encounters.

Electrical specifications

Power supply voltage 12 V

Resistance 14,5 £+ 5% ohm.

Electrical connections

Pin 1 + 12 v power supply
Pin 2 Ground command from Engine Control Hub
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STEP

TEST_1056BA Injector function test

CHECK

Injection signal check

Set the diagnosis tool to read the voltage curve.

From the “TOOLS” menu select the “VOLTMETER”
function with time base set to 1 second.

Connect the voltmeter between the pins of the faulty
injector (using sectioner AD 233 N° 1806387000).
Press the “START” button on the diagnosis tool to start
curve acquisition.

Turn the engine over and check that the signal is as per
the graph provided

Injector power supply check
Check that the injectors are correctly powered [EL_5030]
Proceed to step 4

Injector resistance check

Disconnect the injector

Connect the Examiner tool in Ohmmeter mode between
the terminals and then check resistance:

the value must be 14 Ohm + 10% at 20°C

FIAT BRAVO TJet COURSE OUTLINE

Training Academy

SOLUTION IF CHECK NOT
OK

Restore wiring between engine
control unit and injector.

If the signal is interrupted at the
control unit output replace the
engine control unit
[PR_1056B82]

Replace 15A fuse F22 in the
engine bay after identifying the
cause.

Restore correct power supply
to the injectors

Replace the injector
[PR_1056B70]

Breaker AD 233 connection
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Injection signal

Ignition coils

Type

Function

Location

0.2 Volt f.5.
2.0 Volt f.s.
20.0 Volt f.s.

[100.0 Vot t.s.

Digitale

0.001

VOLT DC
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The coils are directly connected to the spark plugs and are “plug top” type.

The ignition coils are used by the Engine Control Hub to provide the high tension required by the spark plugs

The coils are mounted in specific housings directly on the upper cylinder head and are connected by a heavily
insulated connection to the spark plugs.

771165
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Specifications and function

The coils consist of a lamellar packed magnetic internal core (double E) in silicon steel, along the coil head,
and the primary and secondary windings are arranged around the core.

The windings are inserted in a moulded plastic container, which carries the low voltage connector and the
engine head mounting, and is totally insulated in epoxy resin which has optimal dielectric, mechanical and
thermal properties, since the coils are exposed to high temperatures. The coil head is connected to the spark
plug with a silicone rubber cap containing a spring that transfers the high voltage from the secondary winding
to the spark plug terminal.

The coils are directly controlled by the Engine Control Hub according to a sequential timed logic.

The power drivers are integrated into the Engine Control Hub

The Engine Control Hub grounds the primary winding power circuit creating a strong magnetic field on the
primary. When the primary circuit is opened, a high voltage is generated on the secondary winding by
induction.

This high voltage is discharged to the engine ground through the electrodes of the spark plug, generating the
spark that ignites the air/fuel mixture.

Note: the type of spark depends on the dielectric between the two electrodes

The Engine Control Hub grounds the primary circuit considering the calculated injection advance and coil
charging time.

Electrical specifications

Primary circuit resistance 0,53 ohm +/- 5% a 23°C
Secondary circuit resistance 8,1 kohm +/- 5% a 23°C
Nominal current on primary 7,3 A

Voltage on secondary 27 kV

Mechanical specifications
Tightening torque on screw fastening upper head 8 +/-1 Nm

Spark plug specifications

a
Nok IO |
O

Note: The only certified spark plugs are the NGK IKR9F8 with air gap of 0.75+/-0.05.
Note: The secondary cannot be checked only with ohmmeter as the circuit is fitted with a protective diode.

-4
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Electrical connections

Pin 1 Secondary circuit engine ground connection
Pin 2 Primary circuit + 12 V power supply
Pin 3 Primary circuit ground command from Engine Control Hub

Test 5510CE - Ignition control signal check
Connect ammeter clamp N° 1806505000 using cable EX01 to the diagnosis tool.

Note: the grip of the clamp has two red LED’s that come on when the ammeter clamp is open, telling the
operator not to take the current measurement because it would be wrong

Position the ammeter with the clamps closed and LED’s off near to the measurement point.
Zero the clamp using the “CALIBRATION” key.

Note: due to the high degree of instrument sensitivity, it is normal that if the clamp is rotated the reading will
vary by a number of mA

Position the wire connected to pin 3 of the ignition coil (primary control cable) such that it passes inside the

ammeter clamp, and check that the red LED’s on the clamp itself are off before taking any measurement.
— = [

Select “TOOLS” on the diagnosis tool and then the “AMMETER” function.

Select “10 A CLAMP”.

Select base time 1 sec.

Press the “start” button and turn the ignition switch to start

The following graph shows normal absorption by the coil primary winding with engine warmed up and idling.
Repeat the same test positioning on the wire connected to pin 3 of the other ignition coil and check for
presence of a signal equal to the one below.
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If the ignition control signals to the coil are not present, check continuity and insulation to ground of the
following cables:
» between ignition coil and engine control hub
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Test 5510CI — Ignition coil function check

Note: the check for spark or no spark between the contacts of the gap SP-02 is carried out after making all
connections, by starting the engine, or, in CONTROL UNIT TEST, by active diagnosis. In the case of starting
manoeuvre, the fuel pump must be disabled to prevent damage to the lambda probe or catalytic converter

STEP CHECK SOLUTION IS CHECK NOT OK
IGNITION SIGNAL CHECK Restore the coil primary control
Check that the ignition key is turned to STOP circuit
Disconnect the battery negative lead Replace the coil if the primary
Remove pump 15A fuse F21 in the Engine Control Hub in | control signal is present
the engine bay If the control signal is interrupted:
Remove the HT coil from its housing restore continuity of the wiring

1 Fit the spark gap SP-02 n° 1806369000 between the HT | between the engine control hub and

output of the single coil and the ground on the engine the coil.
block as shown in fig. 1, using adapter cable N° 3 If the control signal is interrupted at
Reconnect the battery the control hub output, replace the

Turn the key to start and check for a spark between the engine control hub [PR_1056B82]
contacts of gap SP-02.

Repeat the same test on the other coils.

Using the Examiner, check for errors and delete them

Fig. 1
1 — Spark gap SP-02
2 — Adapter cable n® 3
3 - Single caoll

Test 55100B - Ignition coil resistance check

Connect to the terminals of the primary circuit between pins 2 and 3 and check that the resistance values are
within the following values:

Minimum value: 0.65 Ohm
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Maximum value: 0.90 Ohm

Ignition coil connector

To check the secondary circuit, carry out Test 5510CI

DUMP valve

Type
By-pass valve on intake ducts electrically controlled by the Engine Control Hub

Function

The dump valve is controlled by the Engine Control Hub to limit the overpressure in the duct downstream of
the compressor, when the throttle is suddenly closed after a release manoeuvre. These pressure peaks could
slow the turbocompressor impeller, causing strong vibration and noise.

Location
The dump valve is mounted in a specific housing on the intake duct upstream of the throttle
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Specifications and function

-

The electrovalve consists of an outer body housing a mechanical membrane valve (1) with a return spring (2),
and an electromagnet (3) powered by the Engine Control Hub through the connector provided.

On release the Engine Control Hub excites the electromagnet (3) that pulls the mechanical valve (1) that
opens a by-pass and discharges excess pressure from the intake ducts upstream of the turbocompressor.
Having completed this task, the Engine Control Hub opens the electromagnet circuit allowing the return spring
to extend and close the mechanical valve.

Pneumatic valve main function parameters
» Pressure ratio (p2/p1): 2.5 bar
» Seepage: max 330 I/h at 80 kPa

Electrical specifications
» power supply voltage: 12V
» working voltage: 8 +16 V
» absorption: 1.4 A (at 13V and 25°C)
> electromagnet internal resistance 14 Q+10% at 20 °C

Electrical connections

Pin 1 + 12 V power supply
Pin 2 Ground command from Engine Control Hub

Test 1064BH — Turbo air by-pass electrovalve function check (shut-off)

Note : this is a normally closed electrovalve, and is opened with a voltage signal from the engine control hub
when the accelerator is released to discharge the backpressure generated between throttle closed (on
releasing the accelerator) and the pressure of the turbine in motion, to prevent turbine stall. It is closed when
acceleration is demanded again or with the engine idling.
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STEP

CHECK

Electrovalve resistance check

Disconnect the wiring from the electrovalve

Check that the resistance between the two terminals of the
electrovalve is 14 Q+10% at 20 °C (FIG.3)

Electrovalve function check

Connect the electrovalve terminals to the battery 12 V supply
Check that the electrovalve open and that there is no
impediment to the passage of air between ducts 1 and 2
(internal passage open)

Electrovalve control signal check

Connect the Examiner in Voltmeter mode; red pin to pin 1 of the
electrovalve and black pin to pin 2

Set the Examiner base time to 5 seconds and 20 V f.s.

Start the engine

Take the vehicle out onto the road (observing all speed limits)
and carry out the foIIowing,] test.

On a country road with 3" gear engaged.

Start graphic acquisition by pressing “start” on the diagnosis tool
and press the accelerator pedal full down until reaching 4500
rpm.

On reaching this speed fully release the accelerator pedal.
Display the resulting graph (acquired during the accelerator
release phase) corresponding to the throttle closed phase.

Shut-off valve

FIAT BRAVO TJet COURSE OUTLINE

Training Academy

SOLUTION IF CHECK
NOT OK

Replace the by-pass
electrovalve
[PR_1048B58]

Replace the by-pass
electrovalve
[PR_1048B58]

Restore continuity of the
wires

Restore correct power
supply replacing 15A
fuse

F11 after ascertaining
the cause of the fault.
Replace the engine
control unit if the signal
is interrupted at the
control unit output
[PR_1056B82]
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Shut-off electrovalve command signal

Turbo waste gate pressure electrovalve

Type
By-pass solenoid valve for controlling turbo pressure

Function
The turbo pressure electrovalve is used by the Engine Control Hub to control turbo pressure by direct action,
via compressed air connections on the waste gate valve

-/
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Location
The electrovalve is located in the vicinity of the turbocompressor

Specifications and function
The electrovalve consists of a plastic body that contains a shutter and an electromagnet.
The valve is connected by pipes to:

» turbo compressor outlet (high pressure socket)

» waste gate valve (regulation)

» intake pipes upstream of the turbine (excess high pressure air discharge).
Through the turbo pressure sensor, the Engine Control Hub measures the turbo pressure throughout the
entire range of engine function. If this pressure exceeds the value set in the Engine Control Hub activates the
valve by powering the electromagnet, that pulls the shutter in, freeing the passage of high pressure air toward
the waste gate actuator, allowing it to open.
The command is given in PWM by the Engine Control Hub
On completing the regulation, the electromagnet is deactivated and the high pressure discharges upstream of
the turbocompressor.

Electrical specifications
Electromagnet winding resistance 30 Q+10% a 20

Electrical connections

Pin 1 Ground command from Engine Control Hub
Pin 2 + 12 V power supply
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Test 1064BB — Turbo pressure control electrovalve function check

STEP | CHECK

Electrovalve resistance check

1 Disconnect the wiring from the electrovalve
Check that the resistance between the two terminals of
the electrovalve is 30 Q+10% a 20 °C (fig. 3)

Electrovalve function check
Connect vacuum pump (fig.3) n.° 2000015500 to
connector 1 of the turbo pressure electrovalve
Operate the pump at pressure of approx. 0.50 bar
Check that there is no impediment to air passage between
connector 1 and 2

2 Connect the terminals of the electrovalve to the 12V
supply from the battery (using sectioner AD 233 N°
1806387000)
Operate the pump at pressure lower than 0.50 bar (to
prevent damage to the electrovalve)
Check that air passage between connector 1 and 2 is
closed
(internal passage closed)

Pressure control electrovalve command signal check

Connect the Examiner in Voltmeter mode: (using

sectioner AD 233 N° 1806387000) connect the red pin to
3 pin 2 of the valve and the black pin to pin 1

Set the Examiner base time to 2 seconds and 20 V f.s.

Start the engine

Check for square wave signal present as per the graph

Fig. 3

SOLUTION IF CHECK NOT OK

Replace the turbo pressure control
electrovalve [PR_1064B34]

Replace the turbo pressure control
electrovalve [PR_1064B34]

Restore continuity of wiring
between engine control hub and
electrovalve. If the signal is
interrupted at control unit output,
replace the engine control hub
[PR_1056B82]
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Turbo pressure control electrovalve piloting signal

Test 1064BF — Waste-gate control pressure check

Fig. 1

With the engine stopped, over the section between actuator and electrovalve, connect connector EX09 (1)
contained in case N° 1806338000) of the diagnosis tool with the corresponding 5 bar pressure transducer
EX06

In the Tools section, select “intake pressure measurement pressure gauge”.

Start the engine and leave it idling, wait for pressure to stabilise.

The measured value must not exceed 590 to 720 mbar (450-550 mmHg).

On the Examiner, select the “pressure gauge” tool and set for data acquisition in “intake pressure” more with
end scale 2000 mmHg and select time 10 seconds.

Take the vehicle out on the road (observing all speed limits) and carry out the following test.

On a country road, begin graphic acquisition by pressing “start” on the diagnosis tool and after approx. 5
seconds in 2™ gear bring engine speed to 4000 rpm and engage 3 gear.

Display the resulting graph and read a value of approx. 980 mbar (745 mmHg) at the maximum peak,
corresponding to a pressure value of 20 mbar.
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CANISTER electrovalve

Type
Normally closed electrovalve for fuel vapour recirculation.

Function
Used by the Engine Control Hub to clean the active carbon filters in the antievaporation system

Location
Mounted on the lower part of the intake manifold, in position not visible

Specifications and function

The electrovalve consists of an outer body in plastic that houses and electromagnet and a shutter. Externally
there are two sockets for connecting the antievaporation system pipes

The electrovalve is controlled in PWM by the Engine Control Hub according to the mapped strategies.

When the electromagnet (1) is excited, it pulls the shutter (2) that overcomes the pressure of the leaf spring
(3) opening the hole (4), allowing passage of fuel vapour.

Without power the valve is closed, preventing fuel vapour from excessively enriching the mixture.

Electrical specifications

Power supply voltage: 13.5V
Resistance at 20°C: 26 ohm
Piloting frequency: fino a 30 Hz
Current absorbed at 13.5V: 0.5 A
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Mechanical specifications

When assembling the valve, position as indicated by arrow A in the figure.

Key

1 CANISTER side socket

A arrow indicating direction of flow
2..intake side socket

Electrical connections

Pin 1 + 12 V power supply
Pin 2 Ground control from Engine Control Hub

Fuel pump

Type
Fully immersed pump commanded by level indicator.
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Function
The fuel pump serves to deliver fuel under pressure to the injector rail. The system integrates the fuel level
indicator, connected in this case with the Body Computer Hub.

Location
The pump is located in the fuel tank, in its container basket.

Specifications and function

The system essentially consists of an electric fuel pump

a return pipe attachment

a delivery pipe attachment

a membrane pressure regulator

a mesh pre-filter

a fuel filter

a float type level indicator

The pump (P) controlled by the Engine Control Hub, draws fuel through the intake point (8), through a mesh
pre-filter (6) and delivers it through a check valve (3) to the delivery pipe (9) through the fuel filter (5).

Note: the filter is maintenance-free.

On the pump (P) there is a safety valve (4) that activates if pressure exceeds 6 bar, short-circuiting the fuel in
the pump support (2).

The excess fuel, after passing through the differential pressure regulator, returns to the tank through the
return pipe (1).

On the pump support (2) there is a fuel level sensor (7) that sends its voltage signal to the Body Computer
Hub.

VVVVYVYVY
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Fuel pump
The fuel pump has a permanent magnet electric motor (1), which drives the pump impeller (2), and a terminal
support cover (3), that contains the electrical and hydraulic connections.
The pump is a single stage pump with peripheral flow, with high performance at low voltage and temperature.
The advantages over pumps that operate on the volumetric principle are:

» reduced weight

» reduced size.
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Electrical Specifications:
Power supply voltage 12 V
Typical currentat 13V 7.5 A

Mechanical Specifications:

Flow-rate = 110 I/h

Pressure 4.5-4.9 bar

Maximum pressure calibration, 6.50/9.50 bar

Test 1040AA — Fuel pump power supply voltage and current absorption test

Check that the pump power supply voltage at the pump connectors is equal to 12 V

Measure pump current absorption by placing the ammeter clamp of the diagnosis tool on the pump power
supply cable, on the fuse box or directly on the pump power terminal [EL_5050]

Current absorption must be between 6 and 10 A.

Test 1056BY — Fuel supply system delivery pressure check

Disconnect the negative lead from the battery.

Connect the diagnosis tool pressure transducer between the delivery pipe (1) and the fuel filter intake
connector (2) using pipe N° 1870885001 (1) (Connector pipes) and pipe N° 2000024501 contained in case
N° 2000024500 using Kit EX 07 contained in case N° 1806338000.

Connect the battery negative lead.

Turn the ignition key to RUN.

Within 10 seconds check that the pressure reading on the pressure gauge is approx. 3 bar

Start the engine and warm up. Check that pressure is greater than 3.5 bar

Note: The fuel pump in the tank switches off after a few seconds.
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Test 1056BI — Fuel supply return system return pressure check
Disconnect the negative lead from the battery.
Connect the diagnosis tool pressure transducer between the return pipe (2) and the pipe connector (1) using
Kit N° 1870885001 (connector pipes with the EX 07 kit in case N° 1806338000
Reconnect the battery negative lead.
Start the engine and check that the pressure reading on the pressure gauge is between 0.6 and 0.8 bar
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Fuel level indicator
Resistance of level sensor according to quantity of fuel in tank.
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Calibrated level
A B C D E F
Float height measurement in 157.7 121.9 84.7 42.7 26.0 1.0
(mm) +/-0.8 | +/-0.6 +/-0.4 +/-0.9 +/-0.8 + 3/-1
Resistance in ohms 454 103.9 164.7 233.1 260.5 300
+/-1.7 +/-2 +/- 2.3 +/-2.5 +/-3 +/-3
Fuel level in (mm) 177.5 139 99 54 36 10

Inertia switch
The inertia switch mounted on the right side under the dashboard, passenger side, interrupts the ground
connection of the fuel pump and as a result, shuts-off fuel delivery to the injection system.
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A steel ball (1) mounted in a conical housing (2) is normally held blocked by the attraction of an adjacent
magnet.

Under specific deceleration loads, the ball frees itself from the magnet and leaves the conical support moving
upwards at the angle of the cone.

Above the ball there is a rapid release mechanism (3) that opens the normally closed electrical circuit (N.C.).
When the mechanism is hit by the ball, it changes position, from NC circuit to NO circuit, breaking the ground
connection of the fuel pump.

The switch may be reset by pressing the button protected by a flexible cover (4).

Note: after even light impact, if fuel is smelled or any leaks from the fuel supply system are noted, do not reset
the switch but first check for the cause of the problem and repair it. to reduce fire hazard.

Otherwise, if there are no leaks and the vehicle is able to depart after the minor accident, press the button to
enable the pump..

J
N.C. M.A.
Electrical connections
= T ..""'."'".':.""'_'_:._ o
| { -. I- I- : .:lﬂ
= (=) (=
Pin 1 Fuel level sensor signal (+) (C.I.L.C.)
Pin 2 Fuel level sensor signal (-) (C.I.L.C.)
Pin 3 Fuel pump ground (to inertia switch)
Pin 4 Power supply positive +12V from relay T10 (20 A)
Pin 5 N.C.
Pin 6 N.C.
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Engine control

Introduction
This chapter illustrates the features of the operating strategies adopted by the Engine Control Hub.

Injection system
The essential conditions that must always be met in the preparation of the air-fuel mixture for optimal engine
function are principally:
» The “dose” (air/fuel ratio) has to be maintained as constantly as possible close to the stoichiometric
value.
» The “uniformity” of the mixture, consisting of fuel vapour, diffused in the air as finely and as uniformly as
possible.
In order to assure:
v The necessary rapidity of combustion and prevent fuel wastage and excessive exhaust
emissions.
v Prolonged integrity and efficiency of catalyzer.

The Engine Control Hub uses a measurement system of the indirect type "SPEED DENSITY-LAMBDA", or
angular rotation speed, density of the intake air and titre of the mixture (retroactive control) to calculate the
air/fuel ratio.
In practical terms the system uses ENGINE SPEED data (number of rpom) and AIR DENSITY data (pressure
and temperature) to measure the quantity of air taken in by the engine.
In addition to the density of the air drawn in, the quantity of air taken in by each cylinder also depends on the
cylinder displacement, volumetric efficiency and turbo charging.
+« Air density is understood as that of the air taken in by the engine and calculated according to
absolute temperature and pressure, both detected in the intake manifold.
Note: atmospheric pressure and turbo pressure values are used for this calculation.
¢ Volumetric efficiency is understood as the parameter related to the cylinder filling coefficient
measured according to experimental tests carried out on the engine in all operating conditions and
subsequently memorised by the Engine Control Hub.

Having established the quantity of air drawn in, the Engine Control Hub has to provide the quantity of fuel in
relation to the titre of the required mixture.
The injection end pulse or injection timing is given by a map memorised in the Engine Control Hub, and is

-/

© 2007 Fiat Group S.p.A. — All rights reserved 96 I 1 65




Fiat Group Automobiles S.p.A| | FIAT BRAVO TJet COURSE OUTLINE Training Academy

variable according to engine revs and pressure in the intake manifold.

In practice this deals with the processing that the electronic control unit carries out to control sequential timed
aperture of the four injector, one per cylinder, for the time strictly necessary for forming an air-fuel mixture as
close as possible to the stoichiometric ratio.

The fuel is injected directly into the manifold in the vicinity of the intake valves at a pressure of circa 3.5 bar.

Since the engine management system is a system based on the management of the driving torque, the
amount of fuel is calculated bearing in mind the factors that increase or decrease the torque, as well as the
air/fuel ratio calculation concept explained previously.

The other sensors present in the system (accelerator pedal, engine coolant, throttle position, battery voltage,
etc.) allow the Engine Control Hub to correct the base injection strategy for all possible engine operating
conditions.

Ignition system
The ignition system is an inductive discharge static type, meaning without high tension distributor, with power
modules located inside the electronic injection-ignition engine control hub.
The primary of each coil is connected to a power relay (thus powered by battery voltage) and the pins of the
electronic control for the ground connection.
After completing the starting phase, the engine control hub manages the basic timing advance obtained from
specific maps according to:

» Engine speed

» Absolute pressure value (mmHg) detected by the intake manifold.

» Engine temperature
As for the fuel injection, the spark advance is corrected by the torque management strategy.
The spark plugs in the cylinders are connected directly to the secondary terminals of the coils (one for each
spark plug).

Self-teaching

The engine control hub actuates self-teaching logic in conditions of:
» Removal/replacement or substitution of the engine control hub
» Removal/replacement or substitution of the throttle body
The values memorised by the control unit are maintained even with battery disconnected.

Differences between 120 and 150 HP versions

For the two versions, the following Engine Control Hub strategies are different
» Load determination
» Torque control model
» Injection advance map
» Turbocharge control
» Vehicle driveability strategies
Functional strategies
The main functional strategies of the system are as follows:
Fiat CODE recognition
Fuel pump control
Cylinder position recognition
Engine starting strategy
Cold starting control;
Engine torque control
Idle speed control
Injection time regulation;
Enrichment on acceleration control;
Fuel cut-off on release (Cut-Off);
Ignition advance regulation;

Pinging control

Turbocharge control

Maximum engine speed control;
Combustion control with lambda probe;
Engine cooling fan control;
Air-conditioner control;

Cruise control

Emission control systems
Self-diagnosis and recovery;
Self-adaptation

VVVVVVYVYVVYY
VVVVVVYVVVY
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FIAT CODE recognition

When it receives the key to “RUN” signal, the Engine
Control Hub transmits the unlock request to the Body
Computer Hub (IMMO code request), if the ignition key is
recognised, the Body Computer Hub responds (IMMO
code) allowing the Engine Control Hub to start the
engine.

Note: the starter motor is directly controlled by the
Engine Control Hub.

Communication between the two hubs is exclusively by
C-CAN line.

Note: as in the latest versions, the W recovery line is no
longer used

The pump is powered by the engine control hub:

» with key to RUN for 0.8 sec.

» with key to START and engine revs > 20 rpm.

The engine control hub cuts-off power to the pump:

» with key to STOP

» with engine revs < 40 rpm.

& . The “no return” fuel supply system envisages constant
s @V: fuel pressure of 3.5 bar.
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Cylinder position recognition

The engine timing signal, along with the engine revs and
top dead centre (TDC) signals, allow the engine control hub
to recognise the successive cylinder positions in order to
implement timed injection.

This signal is generated by a Hall effect sensor positioned
on the cylinder head at the phonic wheel on the intake
camshaft.

As you can see in the diagram, the next cylinder in the
compression phase is cylinder no. 1 if the timing notch
(high voltage signal) corresponds to the two missing teeth
on the phonic wheel, otherwise, if there is no timing notch
(low voltage signal) corresponding to the two missing teeth
on the phonic wheel, the next cylinder in the compression
phase will be cylinder no. 4.

Key
RPM signal
1-4 pair of cylinders 1-4
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Engine starting strategy

diagram with the engine running.

Signals diagram with engine running

On starting, the Engine Control Hub measures the
engine temperature and establishes the appropriate
injection time.

On exceeding 20 rpm, the Engine Control Hub
commands the injectors and coils in sequential timed
mode.

The phase sequential mode during startup is used to
reduce the unburnt hydrocarbon emission in the exhaust.
If there are startup failures the Engine Control Hub
reduces the amount of fuel with an m multiplication factor
to reduce the possibility of flooding.

Note: the following signal diagrams are shown merely for didactic purposes, to show that during the startup
phase the command is not FULL GROUP, but takes place in the phase sequential mode to display the signals

Note: the ignition order of the injectors and the coils is 1,3,4,2
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Signals diagram with engine started

Key

RPM rev signal

Timing signal phase

V_INJ1 injector one command
V_INJ3 injector three command
V_INJ4 injector four command
V_INJ2 injector two command
V_BOB1 coil one command
V_BOBS3 coil three command
V_BOB4 coil four command
V_BOB2 coil two command

h—4
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Cold starting control

In cold starting conditions there is:
g » A natural impoverishment of the mixture (due to poor
fgsr turbulence of the fuel particles at low temperatures)
?&' s > Reduced fuel evaporation

0

wﬁ# » Condensation of the fuel on the internal walls of the
Lr/’(/’ intake manifold
\ » Greater viscosity of the engine oil.

4 ? The engine control hub recognises this condition and

o' 4R corrects injection time based on:
» Engine coolant temperature
» Intake air temperature
» Battery voltage
» Engine speed.
Ignition advance is exclusively a function of engine revs and

7 be calibrated (from about 15 °C to about -25 °C).
This strategy works by commanding the coils to give a
number of sparks in close succession and it makes the
combustion of the mixture easier.
Engine speed is decreased proportionally to the increase in
engine temperature until reaching the nominal value with
engine fully warmed up.

|
V ;
I - engine coolant temperature.
Q f The “multi-spark” mode is enabled below a threshold that can
o
o
o
o
i
HH

Torque control

To manage the various strategies the Engine Control Hub is

mainly based on the principle of torque control.

There are two torque generation laws, which can be defined

as follows:

» mechanical torque generation at high loads, i.e. when the
throttle read is greater than the full load throttle (95% of
the load) calculated on the basis of the engine revs.

» Controlled torque generation (when the mixture strength
control is active).

The controlled type occurs when:

the Engine Control Hub picks up the torque request from the

user through the accelerator pedal. The ECH then makes

various calculations and then acts on the spark advances at
throttle opening and the injection times.

There are three main tables for calculating engine torque,

these being:

» Low load calculation table

» High load calculation table

» Reverse gear calculation table.

For the versions with SPORT function, another three tables are taken into consideration, and these are:

» Low load calculation table with SPORT function enabled

> High load calculation table with SPORT function enabled

» Reverse gear calculation table with SPORT function enabled
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Driving torque evaluation
The torque requested is generated by the engine and transmitted to the wheel through the transmission
kinematic chain (clutch, gearbox, half-shafts, etc.)
The engine/transmission assembly is consequently taken to be a system that inputs torque that is generated
from the combusion of the air-petrol mixture, and outputs a series of kinematic values such as:

» The angular speed of the crankshaft and flywheel.

» The wheel angular speed and acceleration related proportionally to the longitudinal speed and

acceleration.

Example of kinematic chain

Key

Engine

Gearbox

Hub

Vehicle inertia/asphalt
Tyre wall

Flexible coupling
Wheel blocks

Slips

Half shafts

CoNooA~WN =

Torque generation by the engine can be divided into two different modes:
» Rapid torque generation, only the spark advance changes.
» Slow torque generation, the throttle opening angle is changed.

Note: the rapid torque control is generally activated first.

Torque generation immediately results in an increase in vehicle acceleration, which reaches the new steady
operating value only after a series of oscillations that cause the user some discomfort (lengthwise shaking of
the vehicle).

The aim of the “DRIVEABILITY” strategies is to reduce this lengthwise shaking, without however introducing
excessive delay between the request for torque and its actual generation.
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The system can be illustrated with a block diagram as in the figure given below, where a request for
acceleration/deceleration from the user or from the functions inside the Engine Control Hub is first translated
into a request for torque, and then into a rapid or slow torque request.

Once the rapid torque has been converted it will be translated into a spark advance value, whereas the slow
torque will be used to define the throttle angle.

The estimated amount of air taken in permits the Engine Control Hub to calculate the amount of petrol, and
consequently the injector opening time.

A model for engine torque management.

l

External torque demand Torque request Torque Throttle angle
> Driver coordinator conversion
»Cruise control
> Vehicle speed limiter |::>
»ESP/ASR S .
> Driveability |::> Injection time >
Coordination of Generation of
request and desired torque o
Torque efficiency of torque Torque Individual fuel cut-
request off
Internal torque demand ||]|:>
»Engine startup
»Engine idle control Waste Gate control
»Engine revs limiting —
»Engine protection |||]
Ignition advance
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Injection time regulation
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The Engine Control Hub calculates the opening time for the
electro-injectors and commands them with great speed and
accuracy according to the engine parameters — number of
revs and air rate of flow — determined by the torque request.
Since injection is sequential and timed for each cylinder, the
“injection start” occurs at the optimal injection point, while the
“end of injection” remains fixed.

The air rate of flow is calculated bearing in mind the following
parameters.

> the pressure measured in the intake manifolds

> the air temperature in the intake manifolds

Plus the following information that is used to correct the air
rate of flow calculation:

> Pressure measured by the turbo pressure sensor

> Environmental pressure measured by the sensor in
the Engine Control Hub.

The engine control hub recognises the engine idling
condition through the “released” position of the accelerator
pedal.

To control idle speed, the engine control hub, according to
the utilities being used and the brake — clutch pedal signals,
pilots the position of the motorised throttle valve.

The foreseen idle speed with engine warm is 750 + 50 rpm.

Electrical balance

The Engine Control Hub actuates electrical balance
strategies, considering battery load.

When the battery voltage is reduced with a derivative greater
than a calibrated threshold, the target idle is increased

(ramp).
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Enrichment control in acceleration

In this phase the engine control hub adequately increases
the quantity of fuel supplied to the engine (to obtain
maximum torque) according to the signals arriving from the
following components:

» Accelerator pedal potentiometer

» Revs and TDC sensor

The base injection time is multiplied by a coefficient
according to:

» Engine coolant temperature, throttle aperture

» Pressure increase in the intake manifold

If the abrupt change in injection time is calculated when the
injector is already closed, the engine control hub re-opens
the injector (extra pulse) in order to compensate the titre with
maximum rapidity. Successive injections will instead be
increased on the basis of the aforementioned coefficients.

Note: in controlling ASR and ESP the Engine Control Hub
has to reduce injection times and act on the throttle and
ignition advance times.

When the accelerator is released and beyond a certain

predetermined engine speed threshold, the engine control

hub:

» Cuts-off fuel to the injectors

» Reactivates fuel supply to the injectors at 1200 in 1st
gear, and at 1000 rpm in the other gears both for 120
and 150 HP versions.

Without fuel, engine speed drops more or less rapidly

according to vehicle travelling conditions.

Before reaching idle speed, engine deceleration is verified.

If greater than a certain value, fuel supply is partially

restored to provide a “gentle deceleration” down to idle

speed.

The thresholds for reopening fuel supply and for fuel cut-off

vary according to:

» Engine coolant temperature

» Vehicle speed

» Engine revs.
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Vehicle driveability strategy

The driveability strategies include all the actions that the
Engine Control Hub carries out in order to make the
lengthwise shaking of the vehicle, caused during transients,
more gentle and progressive, so that driving the vehicle
becomes as pleasant as possible.

Note: in this case the term transients is intended to mean the
accelerations and decelerations that may be more or less
sharp due to the pressing of the acceleration pedal and the
changes in gear.

The Engine Control Hub recognises the acceleration and
deceleration transients through the following:

The accelerator pedal sensor

The clutch and brake pedal switches
It then intervenes on the management of the torque, and
adapts it with the calculation modules called TIP-UP and TIP-
DOWN.
Depending on the situation, the Engine Control Hub then sets
a rapid torque control, which acts on the spark advances, and
if this is not sufficient, a slow torque control that acts on the
throttle opening and consequently on the injection times.

Ignition advance regulation

Through the map memorised in its internal memory, the engine

control hub is able to calculate ignition advance according to:

» Engine load (idle, partial, full, according to revs and air flow-
rate)

» Intake air temperature

» Engine coolant temperature.

It is possible to selectively retard ignition at the cylinder requiring

it, which is recognised by the combination of the value recorded

by the rpm sensor and the "timing" data.

4
= sssseﬁ-ﬂ%
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Pinging control

The engine control hub detects the presence of pinging (head
knock) by processing the signal from the corresponding

LI,
KA sensor.
@gf}% @j The engine control hub continually compares the signals from
(X

J 1 the sensor with a threshold value, which is in turn continually

\ Vi updated to take account of background noise and engine
\_ 3 L ageing.
-(? The engine control hub is thus able to detect the presence of
= - pinging (or incipient pinging) in each individual cylinder, and

24 reduces ignition advance for the cylinder concerned (in 3°
g steps up to a maximum of 6°) until this phenomenon ceases.
e Afterwards, ignition advance is gradually restored up to the

base value (in 0.8° steps)
In acceleration, a higher threshold is applied, to take account
of the increased noise of the engine in these conditions.
The pinging control logic is also provided with a self-adapting
function, which memorises the reductions to the advance that
should be continually repeated, such as to adapt the map to
the various conditions the motor finds itself in.

4
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R

Turbocharge control

Turbo pressure control
The control unit directly control engine torque, considering

g ) turbocharging as well, directly piloting the waste-gate actuator
{;:‘ on the turbocompressor group so as to reach an mapped target
LR pressure in the intake ducts, based on:

» engine point
» atmospheric pressure
» turbo pressure

5 In particular, when the desired boost pressure exceeds a
f_’r/”/ calculated threshold, the ECH begins to modulate the flow of
exhaust gas on the turbine through the waste gate. In this way a
negative feedback action is introduced that assures system
stability (intrinsically unstable). Based on the required boost
pressure, the power necessary for the compressor to achieve it
- is calculated. This power has to be delivered by the turbine. The
58 exhaust gas flow is modulated to assure that power is reached.

T

&
o L
a1}

Dump valve control
In systems with turbocompressor, when the throttle is suddenly closed, overpressure is generated in the ducts

upstream of the throttle, that tend to slow the compressor impeller and cause strong vibration and noise.
The dump valve recirculates the air from downstream to upstream of the compressor, reducing pressure in the
duct. The engine control hub directly controls duct pressure, commanding the dump valve actuator according
to:

» Engine point

» Atmospheric pressure

» Turbo pressure

1 09 / 1 65 © 2007 Fiat Group S.p.A. - All rights reserved




Fiat Group Automobiles S.p.A FIAT BRAVO TJet COURSE OUTLINE Training Academy

Normal / Sport (overboost) control (150 HP version only)

Pressing the Normal/Sport button, in addition to changing the power steering settings, softer at low speed and
harder at high speed, the Overboost function is also enabled.

The Normal/Sport button is connected by a discrete line to the Power Steering Hub, so the Sport and normal
state information is rendered available to the ECH via C-CAN network.

To control the Overboost function, the ECH mainly considers the position of the accelerator pedal and acts
consequentially on the waste gate electrovalve, regulating turbocompressor pressure and acting on the
aperture logic of the motorised throttle valve.

The following are the salient features of the Normal and Sport functions

Normal mode enabled
» Maximum torque 206 Nm
» Maximum power 150 HP
» Driveability strategy “Soft”
» Limited fuel consumption for high engine loads

Sport mode enabled
» Maximum torque 230 Nm
» Maximum power 150 HP
» Sports driving strategy
» Higher consumption at high engine loads

Overboost specifications

The overboost is set for a maximum torque increase up to 230 Nm.

The overboost conditions (sport button) are defined by the position of the accelerator pedal, (torque request
from user), equal to the maximum value for a maximum time of 80s,

Note: overboost should not be taken to mean a pressure that damages the turbine, but as the possibility to
have a pressure greater than the maximum at that moment.

Turbo pressure recovery

If the difference between the target pressure and the pressure measured is greater than 200 mbar during the
increase in turbo pressure in the acceleration transients, then the throttle is closed.

If there is an error on the accelerator pedal or on the throttle actuator, the turbo pressure is limited.

To protect the turbine, the Engine Control Hub checks the temperature of the exhaust gases against a mapped
calculation model, since an excessive increase in the temperature could damage it.
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Engine speed limiter
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Combustion control — Lambda probe

=

F = )
- ? o
-y .lj‘
g

V%

]

The control unit controls the maximum engine speed, limiting
engine torque

First the Engine Control Hub cuts fuel by changing injection
times.

If this is not sufficient, the Engine Control Hub closes the
throttle valve.

The maximum engine speed for the 120 HP version is 6350
rpm, whereas for the 150 HP version it is 6500 rpm.

In EOBD systems the lambda probes, which are all of the
same type, are installed upstream and downstream of the
catalytic converter.

The pre-converter probe determines control of the titre
denominated 1% loop (closed loop of upstream probe).

The post-converter probe is used to diagnose the converter
itself and to fine tune the control parameters of the 1% loop.
In this context the adaptiveness of the second loop serves to
recover both production dispersion and the hysteresis derived
from the response of the pre-converter probe due to ageing
and pollutant build-up.

This control is referred to as 2™ loop control (closed loop of
post catalytic converter probe).

The check on the first loop is enabled when the upstream lambda probe is able to provide a reliable signal,
which occurs some time after the engine has been started.

Probe activation time depends on the initial engine temperature.

The second loop check is enabled after much longer than the first loop, for example:

if the first loop check occurs 80 seconds after engine startup, the second loop check will take place after 450

seconds.

Note: the probe voltage downstream is about 630mV and is constant (if it begins to oscillate it means that the

catalytic converter has deteriorated).
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Fuel injection time correction strategy.
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Calculation of the K correction parameter of the fuel injection time.

Key

V lambda probe voltage

G rich range

M lean range

K correction parameter

A;B;C;D variation points

In order to reduce pollutant emissions, the Air/Fuel ratio of the mixture feeding the engine is controlled by a
parameter called K, which alters the fuel injection time.

This parameter is calculated using a suitable algorithm by a control unit that only takes into consideration the
rich/lean and lean/rich changes in the probe voltage.

This control strategy then produces an alternative probe voltage pattern.

The calculation strategy o